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ABSTRACT 

Changes in the power industry, such as restructuring, aging central power 
stations, the need for increasing system capacity, and technology advancements 
are allowing for, or encouraging, the use of distributed generation (DG) in place 
of more traditional central station power plants.  There are many technical, 
economic, and policy issues surrounding widespread use of DG for electricity 
supply.  In addition, there are a number of potential environmental issues 
associated with the widespread use of DG.  One issue of particular interest to the 
Maryland Power Plant Research Program (PPRP) is whether the widespread use 
of existing, smaller DG units, which are generally less well-controlled in terms of 
air emissions, has the potential to produce adverse environmental impacts 
relative to larger, better controlled, centrally located power plants.   

This study evaluates the air impacts from three potential “DG scenarios” that are 
or could be applied State-wide in Maryland, and compares these impacts to 
projected air impacts of a hypothetical, well controlled centrally located power 
plant.  Two of the DG scenarios were based on an inventory of existing 
emergency or backup generators in Maryland; the third represents “new DG” 
technology, based on a hypothetical, gas-fired, combined heat and power (CHP) 
facility.   

Potential criteria pollutant (SOx, NOx, CO, and PM) emissions from the three DG 
scenarios were modeled using EPA’s CALMET/CALPUFF modeling system.  
The emissions were modeled to evaluate the type and magnitude of air quality 
impacts that might result from the DG scenarios.  To put the impacts in 
perspective, a hypothetical centrally located power plant, representing an 
equivalent amount of generating capacity (approximately 400 MW) was modeled 
and the results were compared to the DG scenarios. 

Modeling the “worst-case,” overly conservative DG scenario shows that if 
existing backup generators are allowed to operate at full loads continuously with 
no additional limits or controls, the National Ambient Air Quality Standards 
(NAAQS) for 24-hour SO2 would be exceeded by many times.  Model-predicted 
impacts from the “existing realistic” scenario (where existing generators run for a 
few hours per year), do not result in concentrations that exceed the NAAQS.  The 
modeling showed that the CHP scenario may be the optimal DG scenario.  If 
efficient natural gas-fired generators were to replace the registered backup 
generators, no net increase in the ambient impacts for the criteria pollutants 
would occur; modeling suggests that SO2 and PM10 impacts would decrease 
with that scenario. 
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1.0 INTRODUCTION 

1.1 BACKGROUND 

Changes in the power industry, such as restructuring, aging central power 
stations, the need for increasing system capacity, and technology 
advancements are allowing for the use of distributed generation (DG) in 
place of more traditional central station power plants.   

DG or “dispersed power” typically is defined as including generating 
facilities located close to a need, or located at a host facility.  DG facilities 
vary widely in generating capacity—ranging from less than 1 megawatt 
(MW) to greater than 50 MW—but are typically smaller than most central 
station power plants.  DG technology can vary widely also, and may 
include smaller “emergency” or temporary generators, to larger 
cogeneration, or “combined heat and power” (or CHP) facilities at host 
manufacturing sites. 

There are many technical, economic, and policy issues surrounding 
widespread use of DG for electricity supply.  Among the key DG issues 
are those related to interconnecting DG power sources to the grid and the 
location and ownership of these power sources.   

In addition, there are a number of potential environmental issues 
associated with the widespread use of DG.  One issue of particular interest 
to the Maryland Power Plant Research Program (PPRP) is whether the 
widespread use of existing, smaller DG units, which are generally less 
well-controlled in terms of air emissions, has the potential to produce 
adverse environmental impacts relative to larger, better controlled, 
centrally-located power plants.  Issues such as these are prompting many 
regulators, utility and non-utility companies, and other concerned parties 
to address DG. 

Many developers consider more “environmentally friendly” generating 
technologies for new or proposed DG applications; however, by and large, 
most existing DG projects employ traditional generating technologies, and 
tend to use diesel fuel.  Older generating technologies tend to have higher 
air emissions rates on a per megawatt-hour basis than larger and better-
controlled units. 
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1.2 CURRENT STUDY 

This study evaluates the air impacts from three types of DG technologies 
that are or could be applied State-wide in Maryland, and compares these 
impacts to projected air impacts of a hypothetical, well controlled 
centrally located power plant.  The scenarios evaluated include: 

• DG #1—This scenario includes existing backup or emergency 
generators in operation across the State of Maryland that are registered 
with the Maryland Department of the Environment (MDE), which are 
assumed, for this study, to operate continuously (24 hours/day) over 
the year. 

• DG #2—This scenario includes the same existing backup generators in 
Maryland, but assumes that the units operate on restricted schedules 
(hundreds of hours per year, instead of thousands) based on 
information on actual operations in the MDE generator database. 

• DG #3—This scenario includes a series of hypothetical 2.1-MW, 
natural gas-fired generators placed at the same locations as the existing 
backup generators. 

• DG #4—This scenario evaluates the impacts of a centrally located 
power plant with generating capacity equal to the sum of the existing 
backup generators and provides a comparison for the other scenarios. 

1.3 REPORT ORGANIZATION 

Section 2 of this report reviews some of the factors influencing 
development of DG, Section 3 reviews some of the technical issues 
associated with DG, Section 4 describes types of DG generating 
technologies, and Section 5 describes local and regional DG programs.  
The results of the evaluation of Maryland DG on air quality are presented 
in Section 6.  Results and discussions of the study are presented in 
Sections 7 and 8 of this report. 
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2.0 FACTORS INFLUENCING THE USE OF DG  

DG is increasingly being considered a viable alternative or supplement to 
traditional, central station power plants, for several reasons.  One reason is 
that energy sector restructuring has created an opportunity for more 
energy-efficient equipment and systems to reduce on-peak operating costs 
and provide increased reliability.  Existing aging central power stations in 
some parts of the country are in need of upgrade and replacement.  The 
nation’s energy grid is becoming more costly to operate and more prone 
to reliability problems.  With restructuring, market forces can begin to 
favor smaller power plants close to the point of use, which can provide an 
economic hedge against peak energy prices, grid reliability problems, 
and/or future emissions costs when “environmentally friendly” power 
generation is utilized (EREN, 2001). 

2.1 REGULATORY ENVIRONMENT 

Up until the 1980s, the structure of the energy industry allowed utilities to 
build generation and distribution facilities to serve customers in return for 
an exclusive franchise and an allowed rate of return on investment.  
Electric loads were aggregated regionally and utilities were able to build 
larger power plants with progressively lower costs to serve those loads 
(GTI, 2002). 

Some of the justification for this approach to energy generation and 
distribution began changing in late 1970s as generation technologies 
improved and natural gas prices decreased.  Federal regulations were 
enacted that encouraged competition and acted to open up markets (GTI, 
2002).  The Public Utility Regulatory Policies Act (PURPA) of 1978 was 
passed in response to the unstable energy climate of the late 1970s.  
PURPA sought to promote conservation of electric energy by encouraging 
the efficient use of fossil fuels in electric power production through 
cogenerators and the use of renewable resources through small power 
producers.  The Energy Policy Act of 1992 (EPACT) opened up the 
national electricity transmission system to wholesale generators by 
ordering utilities to provide access to their transmission systems (EIA, 
2000). 

Additional actions to open the energy market were taken when the 
Federal Energy Regulatory Commission (FERC) issued a final rule, Orders 
888 and 889, in April 1996.  Order 888 opened wholesale electric power 
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sales to competition.  It required utilities that own, control, or operate 
transmission lines to file non-discriminatory open access tariffs that offer 
others the same electricity transmission service they provide to 
themselves.  Order 889 requires a real-time information system to assure 
that transmission owners and their affiliates do not have an unfair 
competitive advantage in using transmission to sell power (EIA, 2002).  
Other FERC actions include fostering more efficient natural gas markets 
(EIA, 2000). 

Maryland has taken steps to restructure its energy industry.  In April 1999, 
Maryland enacted “The Electric Customer Choice and Competition Act of 
1999” (the "Act").  The Act was signed into law by the Governor and the 
Public Service Commission is in the process of implementing it.  One of 
the benefits the Act offers is it empowers consumers to choose their 
electricity supplier.  The supplier can be selected based on a number of 
factors such as price, terms and conditions of service, reputation, billing, 
and/or use of renewable resources.  Competition among electricity 
suppliers may lower prices over time, and restructuring may also 
encourage suppliers to develop and offer new products and services 
(MPSC, 2000). 

2.2 POTENTIAL BENEFITS OF DG 

As the energy sector shifts from investor-owned utilities to open, 
competitive markets, there are greater opportunities for DG development.  
DG power systems can be more economical when mass-produced, and 
systems can be sized to match the size of the demand and installed more 
quickly than a traditional power station.  DG power systems can improve 
grid reliability by reducing the current demand on the grid, thus delaying 
the need to upgrade transmission systems and central power stations, and 
even curtailing the investment in new power plants.  Also, with local 
control over DG system use, there is less need to rely on distant power 
sources, thus possibly contributing to local economic development (Dunn, 
2000).  Other potential benefits of DG power uses are: 

• Short lead time − Small-scale power can be planned, sited, permitted, 
and built more quickly than larger systems, thus reducing the risks of 
overshooting demand, longer construction periods, and technological 
obsolescence. 

• Fuel diversity and reduced price volatility − For DG power sources 
that use renewable energy, there is a diverse mix of energy sources, 
which lessens exposure to fossil fuel price fluctuations. 
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• Reliability and resilience − Small plants are unlikely to fail 
simultaneously; they have shorter outages, are easier to repair, and are 
more geographically dispersed. 

“Environmentally friendly” power plants may avoid emissions and other 
environmental impacts.  Small-scale power plants generally emit lower 
amounts of particulate matter (PM), sulfur dioxide (SO2), nitrogen oxides 
(NOx), carbon monoxide (CO), toxic air pollutants, and greenhouse gases. 

2.3 APPLICATIONS OF DG 

Typical applications of DG include backup generation, peaking/load 
shaving, and base load operation.  Some DG applications are listed here 
(RDC, 2002): 

• Continuous generation of the user’s own electricity, with or without 
grid backup; 

• Cogeneration, which allows for the generation of the user’s own 
electricity along with the use of otherwise wasted exhaust heat as 
useful thermal output, typically steam, that can be used for either 
space heating or cooling; 

• Peak shaving, which allows generating units operated during peak 
price periods to manage the risks of volatile energy costs; 

• Net metering, which allows distributed generators to sell their excess 
generation to the grid, especially during peak demand periods; 

• Remote location power generation, where the user is relatively isolated 
and expensive to serve; 

• Standby or emergency power generation, which provides backup 
power in the event of grid failure for users in critical need of power, 
such as hospitals and airports; and 

• Power generation that can improve power quality and reliability for 
users who want to protect against the risk and cost of power outages, 
such as banks and grocery stores. 

2.4 DG ENVIRONMENTAL ISSUES 

It has been suggested that the widespread application of DG might 
adversely affect air quality.  Applicability of some air quality regulatory 
requirements, particularly pollution control requirements, is based on 
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rated capacity and/or potential annual (ton per year) emissions.  
Therefore, in certain situations, developers may be able to operate a series 
of smaller, geographically dispersed DG units that would be subject to 
less stringent air requirements than a larger, centrally located power plant.  
A new larger plant is more likely to be required to apply better pollution 
control than several smaller units that combined produce an equivalent 
amount of electricity. 

In theory, less stringent environmental requirements may give DG 
projects a competitive advantage compared to conventional power plants, 
which must adhere to more rigorous environmental standards (Harris, 
2001).  On the other hand, because of their size, DG developers may be 
able to use cleaner fuels and generating technologies (renewables, fuel 
cells, etc.) more economically.  In that case, DG has the potential to 
improve air quality to the extent that it replaces “dirtier” (older) units.   

To help reduce emissions from dirtier fossil-fueled DG such as backup 
generators, some states, such as California and Texas have extended their 
environmental standards to include these DG units.  The Environmental 
Protection Agency (EPA) has suggested that incentives, policies, and/or 
regulations may be required to discourage the use of highly polluting 
emergency backup diesel generators and other equipment that may 
degrade local air quality. 

Emissions of greenhouse gases and criteria pollutants (SO2, NOx, PM, CO) 
from DG technologies can range from zero (e.g., from wind turbines) to 
rates equivalent to larger power plants.  Examples of ranges of DG 
emissions by generation are presented in Table 2-1.  
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Table 2-1 Comparison of DG Emissions* 

 Fuel Cell Gas Fired 
Engine 

Diesel 
Engine w/ 

SCR (1) 

Microturbine Small 
Gas 

Turbine 

Photovoltaic Wind 
Turbine 

Electric 
Efficiency 
(LHV) (2) 

40 – 70% 25-45% 30-50% 20-30% 25-40% 15-30% 20-46% 

Typical 
Capacity (kW) 

200 1,000 1,000 25 4,600 5,000 1,500 

NOx (lb/MW) 0.03 0.50 4.70 0.44 1.15 0.00 0.00 

SO2 (lb/MW) 0.006 0.007 0.454 0.008 0.008 0.000 0.000 

PM10 (lb/MW) 0.00 0.03 0.78 0.09 0.08 0.00 0.00 

CO2 (lb/MW) 1,078 1,376 1,432 1,596 1,494 0 0 

        

* Source: Bluestein, 2002 
(1) SCR – Selective Catalytic Reduction 
(2) LHV – Lower Heating Value 
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3.0 BARRIERS TO DISTRIBUTED GENERATION  

There are many technical issues surrounding DG.  Ownership, 
competition with the utility companies, interconnecting a DG power 
source to the grid, selling power to utility companies, new regulations 
and, in some cases, the lack of regulations are some of the issues that must 
be dealt with before DG can become a viable and reliable energy source.  
The May 2000 report “Making Connections: Case Studies of 
Interconnection Barriers and Their Impact on Distributed Power Projects,” 
prepared by the National Renewable Energy Laboratory (NREL), 
identified ten barriers that have slowed DG deployment.  It is NREL’s 
contention that the current restructuring of the electrical industry will 
create a new electricity system that supports, rather than hinders, DG 
power (NREL, 2000).  NREL’s “Ten-point Action Plan for Reducing 
Barriers to DG” is presented in Table 3-1. 

Table 3-1 NREL’s Ten Point Action Plan for Reducing Barriers to Distributed 
Generation* 

Technical Barriers 

1. Adopt uniform technical standards for interconnecting distributed power to the 
grid. 

2. Adopt testing and certification procedures for interconnection equipment. 

3. Accelerate development of distributed power control technology and systems. 

Reduce Business Practice Barriers 

4. Adopt standard commercial practices for any required utility review of interconnection. 

5. Establish standard business terms for interconnection agreements. 

6. Develop tools for utilities to assess the value and impact of distributed power at 
any point on the grid. 

Reduce Regulatory Barriers 

7. Develop new regulatory principles compatible with distributed power choices 
in both competitive and utility markets. 

8. Adopt regulatory tariffs and utility incentives to fit the new distributed power 
model. 

9. Establish expedited dispute resolution processes for distributed generation 
project proposals. 

10. Define the conditions necessary for a right to interconnect. 

* Source: NREL, 2000 
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3.1 GRID CONNECTIONS 

Connecting DG power sources to the existing power grid has its 
advantages and disadvantages.  Some of the advantages include voltage 
and frequency support to the grid, reduction of a utility company’s 
investment risk if the DG is owned by a non-utility, reduction of line 
losses, and grid congestion relief.  The disadvantages are the potential 
impacts on the safety and reliability of the grid.  Some concerns with 
interconnection include the potential for system overvoltages, possible 
leaks of direct current (DC) power from a DG power source onto the 
alternating current (AC) grid, and the potential for backfeed onto the grid 
from DG operation during emergencies. DG has the potential to improve 
air quality and reduce greenhouse gas emissions if clean and efficient 
technologies are used.  To help reduce emissions from older fossil-fueled 
units (i.e., diesel-fired backup generators), some states such as California 
and Texas have extended their environmental standards to include DG 
units.  

The lack of interconnection standards prevents a uniformly effective 
means of getting excess DG to the grid.  As a result, developers of DG 
must negotiate interconnection agreements on a site-by-site basis with 
local distribution companies (NEP, 2001).  There is controversy over how 
utilities handle DG.  A DG developer may have to deal with a local 
distribution company, who may be opposed to DG projects because of 
increased competition.  A non-utility group supporting DG in New York 
estimated that a DG project costs $50,000 to $120,000 to meet the extra 
fees, reviews, additional insurance, design and field testing required by 
utilities (Harris, 2001). 

As a result of these issues, many agree that uniform interconnection and 
operating standards, as well as more experience with DG, will ease DG 
interconnection issues.  Currently, the Institute of Electrical and 
Electronics Engineers (IEEE) is developing a national standard, SCC21 
P1547.  The standard establishes criteria and requirements for 
interconnection of distributed resources (DR) with electric power systems.  
While awaiting this standard, several states (California, Delaware, New 
York, Ohio, and Texas) have developed their own state interconnection 
standards (IREC, 2001).  Also, organizations such as the National 
Association of Regulatory Utility Commissioners have recently developed 
a “Model Distributed Generation Interconnection Procedures and 
Agreement.”  This agreement is for use by state regulatory commissioners, 
municipal governments, and rural electric cooperative organization to 
implement uniform interconnection standards for distributed generation. 
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3.2 NET METERING 

Net metering enables consumers to install a small electricity project and 
sell the excess electricity to the local utility.  This may offset the purchases 
from the utility company at other times.  DG advocates see net metering 
as a means for DG to contribute to the overall energy supply.  Net 
metering eliminates the need to install expensive meters necessary to 
measure the value of power being produced.  However, utility companies 
are concerned about net metering because if DG is tied to the retail meter, 
the user would be getting the retail price for the energy produced, without 
having to pay the expenses (such as transmission, distribution, and low-
income supports) that the utility incurs. 

3.3 TECHNOLOGY COSTS 

Currently, some DG technologies may have higher capital costs and/or 
higher operating costs when compared with the large utility base load 
generating plants.  These costs may decrease over time with technology 
improvements.  The costs for DG used in the residential and commercial 
sectors are expected to decline as efficiency improves, as depicted in Table 
3-2.  For example, by 2020 the cost of gas-fired micro-turbines is projected 
to decrease by approximately 50 percent while efficiency is projected to 
improve by approximately 38 percent (Eynon, 2002). 
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Table 3-2 Installed Costs and Conversion Efficiencies for Distributed Generation 
Technologies, 2000-2020* 

Year Photovoltaics Fuel Cell Gas Turbine Gas Engine Gas 
Microturbine 

Cost 7,870 3,674 1,600 1,390 1,970 2000 

Efficiency 14 36 22 28 26 

Cost 5,529 2,329 1,444 1,150 1,337 2010 

Efficiency 18 43 25 30 31 

Cost 3,178 1,433 1,340 990 915 2020 

Efficiency 22 50 28 31 36 

*Source: Eynon, Bob; The Role of Distributed Generation in U.S. Energy Markets, U.S. Department 
of Energy, Energy Information Administration, April 2002. 
Cost Units:  $1999 per kW of capacity 
Efficiency Units:  percent 
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4.0 DG TECHNOLOGIES 

As noted previously, many factors influence a change in the electric 
industry and expanding DG use.  Some of the initial motivation for 
restructuring in the electric industry was driven by the introduction of 
new technologies that offered potential financial or other advantages to 
specific customers or customer classes.  Increased gas technology use (the 
introduction of gas-fired combined cycle turbines) offers performance that 
exceeds that offered by the average utility, and it has become popular 
with both cogenerators and independent power generators (GTI, 2002). 

Recent trends in DG development suggest that DG is most commonly 
taking the form of natural gas reciprocating engines, industrial gas 
turbines, microturbines, fuel cells, and renewables such as photovoltaics 
and wind power (Bautista, 2001).  The following sections briefly describe 
these technologies. 

4.1 NATURAL GAS RECIPROCATING ENGINES 

Reciprocating engine technology is a widespread, well-known technology 
that is available in a range of sizes and configurations.  Spark-ignition, 
gas-fired units typically use natural gas or propane.  Dual-fuel engines 
rely on diesel fuel for ignition (using compression-ignition rather than 
spark-ignition).  Spark-ignited gas engines use either a stoichiometric or 
lean-burn combustion strategy.  Stoichiometric gas engines operate with a 
three-way catalyst to largely eliminate many pollutant emissions.  Engine 
capacities are typically 0.5 to 5 MW, but can range up to 10 MW. 

Reciprocating engines are one of the least expensive technologies 
currently used for DG.  They feature easy start-up, proven reliability, and 
good heat-recovery potential.  Currently, the majority of reciprocating 
engines are diesel-fired internal combustion engines.  Cleaner, natural 
gas-fired and dual-fuel engines are under development (EREN, 2001; GTI, 
2002). 

4.2 COGENERATION 

Cogeneration, or CHP, is the simultaneous production of power and heat, 
usually in the form of hot water and/or steam, utilizing one primary fuel.  
A typical cogeneration system consists of an engine, steam turbine, or 
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combustion turbine that drives an electrical generator.  A waste heat 
exchanger recovers waste heat from the engine and/or exhaust gas to 
produce hot water or steam.  Cogeneration produces a given amount of 
electric power and process heat with 10 percent to 30 percent less fuel than 
it takes to produce the electricity and process heat separately (EREN, 
2001). 

4.3 GAS TURBINES 

A gas (or combustion) turbine is an electricity generating device that 
produces high-temperature, high-pressure gas, which then impinges on a 
series of curved blades to rotate a turbine shaft.  The shaft rotation drives 
an electric generator and a compressor for the air used in the gas turbine 
combustor.   

Gas turbines can operate in different cycle configurations, including 
simple cycle, recuperated cycle, and combined cycle.  The recuperated 
cycle captures exhaust thermal energy to preheat compressed air before 
reentering the system.  The combined cycle turbine builds on the concept 
of heat recovery by capturing exhaust energy in a device called a heat 
recovery steam generator.  The steam produced by the generator drives a 
steam turbine, which generates power in addition to the main power 
turbine. 

Turbines can range in size from hundreds of kilowatts (kW) to hundreds 
of megawatts.  They can burn a wide range of liquid and gaseous fuels 
and are capable of dual-fuel operations.  Turbines typically have operating 
efficiencies of 24 percent to 30 percent (EREN, 2001). 

4.4 MICROTURBINES 

Microturbines are small combustion turbines with outputs of 25 to 1,000 
kW.  Microturbines evolved from automotive and truck turbochargers, 
auxiliary power units for airplanes, and small jet engines.  Small 
microturbines (less than 250 kW) were initially developed for hybrid 
electric vehicles.  Now, the focus is on power generation.  Microturbines 
typically have only one moving part and do not require oil changes, spark 
plug changes, or valve adjustments.  A typical microturbine is about four 
feet long and weighs less than 200 pounds.  Microturbine systems can be 
25 percent to 30 percent efficient.  However, ongoing research and 
development efforts to replace conventional steel turbines and advanced 
ceramics technologies are attempting to increase efficiency to 40 percent.  
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Microturbine emissions are typically much lower than those of 
conventional turbines or reciprocating engines (EREN, 2001). 

4.5 FUEL CELLS 

Fuel cells convert fuel to electricity without combustion or moving parts, 
which essentially eliminates NOx formation and provides high reliability 
and low noise.  Fuel cells produce direct current electricity using an 
electrochemical process similar to a battery.  In a fuel cell, natural gas or 
coal gas is cleaned and converted to a hydrogen-rich fuel by a processor or 
internal catalyst.  The gas and air then flow over an anode and a cathode 
separated by an electrolyte, producing a constant supply of DC electricity.  
A power conditioner then converts the DC electricity to high-quality AC 
power.  The by-products usually consist of only heat, water, and carbon 
dioxide. 

Fuel cells are combined into “stacks” to obtain the desired voltage and 
power output.  These stacks can be sized according to customer needs – 
from 1 kW units for mobile applications, to 200 kW units suitable for 
powering commercial buildings, to 100 MW plants capable of adding 
baseload capacity for larger applications (EREN, 2001). 

There are several different fuel cells on the market or in development:  
phosphoric acid (PAFC); molten carbonate (MCFC); proton exchange 
membrane (PEM); and solid oxide (SOFC).  PAFC was the first 
commercially available fuel cell technology on the market; there are about 
50 installed and operating in the U.S.  MCFC and SOFC are in the early 
stages of development.  In addition, SOFC may have cogeneration 
capability due to generation of high-temperature heat.  PEM units are still 
in the early phases of development and testing (EREN, 2001). 

4.6 RENEWABLES 

A renewable resource is an energy source that is regenerative or virtually 
inexhaustible.  Renewable energy includes solar, wind, biomass, waste, 
geothermal, and certain types of hydroelectric technologies. 

4.6.1 Solar Power 

Solar thermal technology converts solar energy through high 
concentration and heat absorption into electricity or process energy.  
Concentrating solar power uses various mirror configurations to 
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concentrate the heat of the Sun to generate electricity for a variety of 
market applications, ranging from remote power applications of 1-2 kW 
up to grid-connected applications of 200 MW or more.  Research and 
development efforts in the area of DG applications are focused on small, 
modular dish/engine systems.  A dish/engine system is a stand-alone 
unit comprised primarily of a collector, a receiver, and an engine.  The 
Sun’s energy is collected and concentrated by a dish-shaped surface onto a 
receiver that absorbs the energy and transfers it to the engine’s working 
fluid.  The engine converts the heat to mechanical power, which is then 
converted to electrical power by an electric generator or alternator.  Solar 
systems have achieved peak solar-to-electric efficiencies of approximately 
30 percent (EREN, 2001). 

4.6.2 Wind 

Wind generators produce mechanical energy from moving air to power 
and electric generator.  There are two basic types of wind turbines.  The 
horizontal-axis type, which is like the traditional farm windmills, and the 
vertical-axis type.  Turbines are comprised of the rotor (or blade), and 
electrical generator, a speed control system, and a tower.  Wind turbines 
are commercially available in a variety of sizes and ratings ranging from  
1 kW to over 1 MW.  They typically require a minimum of 9 mile-per-hour 
average wind speed site (EREN, 2001). 

4.6.3 Biomass 

Biomass energy is derived from various of plant species, agricultural and 
industrial residues, processing wastes, and other organic matter capable of 
being converted to energy.  Industrial wood and wood waste are the most 
prevalent form of biomass used by non-utilities.  DOE is working to bring 
to commercial market biomass equipment in the less than 5 MW range. 

Several processes are employed to convert biomass to usable energy, 
depending on the type of biofuel being used.  Direct combustion of woody 
biomass or agricultural residues, the most common biomass process, is 
both efficient and environmentally sound.  Fluidized-bed combustion 
systems use a heated bed of sand-like material suspended (fluidized) 
within a rising column of air to burn biomass and other fuels.  Gasification 
converts biomass to combustible gases that can be burned like natural gas 
or converted to synthetic fuels (EREN, 2001). 
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4.6.4 Geothermal 

Geothermal technologies convert heat naturally present in the Earth into 
heat energy and electricity.  Where geothermal resources are available, the 
natural heat of the Earth’s interior drives a turbine generator.  Geothermal 
heating and cooling systems – geothermal heat pumps – can be used with 
different building types in many parts of the country.  Using the steady 
underground temperatures of the Earth, geothermal heat pumps warm air 
during the heating season and cool it during the cooling season.  They can 
also be used to heat water. 

Geothermal heat pumps for commercial buildings can significantly reduce 
energy consumption and peak demand.  Although first costs can be 
higher than those of other heating and cooling systems, geothermal heat 
pumps can be life-cycle cost-effective because they reduce energy use and 
operations and maintenance costs in the long term (EREN, 2001). 

4.6.5 Hydroelectric Power 

Hydropower plants capture the kinetic energy of falling water to generate 
electricity.  A turbine and a generator convert the energy from the water 
to mechanical and then electrical energy.  The turbines and generators are 
installed either in or adjacent to dams, or use pipelines to carry the 
pressured water below the dam or diversion structure to the powerhouse.   

Hydropower plants are generally operated in a run-of-river, peaking, or 
storage mode.  Run-of-river projects use the natural flow of the river and 
produce relatively little change in the stream channel and stream flow.  A 
peaking project impounds and releases water when the energy is needed.  
A storage project extensively impounds and stores water during high-
flow periods to augment the water available during low-flow periods, 
allowing the flow releases and power production to be more constant.  
Although hydropower does not discharge pollutants into the 
environment, there are some potential environmental effects, such as 
providing safe fish passage and water quality (EREN, 2001). 
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5.0 FEDERAL AND STATE DG INITIATIVES AND GOALS 

5.1 FEDERAL INITIATIVES 

In January 2001, President Bush created the National Energy Policy 
Development (NEPD) Group to address America’s energy needs.  In May 
2001, the Group submitted the National Energy Policy (NEP) report to the 
President; in April 2002, the Senate passed legislation that includes may of 
the provisions called for in the policy.   

The three basic principals of the NEP are: 

• Provide a long-term comprehensive energy strategy that will advance 
new, environmentally friendly technologies; 

• Increase energy supplies and encourage cleaner, more efficient energy 
use; and  

• Seek to raise the living standards of the American people, recognizing 
that to do so the country must fully integrate its energy, 
environmental, and economic policies.   

The report includes 105 recommendations to meet five specific national 
goals:  encourage conservation, modernize the energy infrastructure, 
increase energy supplies, accelerate the protection and improvement of 
the environment, and increase the nation’s energy security (NEP, 2001, 
Overview, page xi). 

DG is included as one of the solutions to meeting the goals of the policy.  
The recommendation specific to DG in the NEP is:  “The NEPD Group 
recommends that the President direct the Secretary of Energy to develop 
next-generation technology – including hydrogen and fusion, and…focus 
research and development efforts on integrating current programs 
regarding hydrogen, fuel cells, and distributed energy.” (NEP, 2001, page 6-
12). 

One recommendation addressed a specific form of DG.  The NEPD Group 
recommended that the President direct the Administrator of the EPA to 
issue guidance to encourage the development of well-designed CHP units 
that are both highly efficient and have low emissions.  The goal of this 
guidance is to shorten the time needed to obtain permits, provide 
certainty to industry by ensuring consistent implementation across the 
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country, and encourage the use of these cleaner, more efficient 
technologies (NEP, 2001, page 6-14). 

Because many DG technologies do not fit into traditional regulatory 
categories, they can be subjected to competing regulatory requirements 
not designed to address them.  For example, much of the Clean Air Act 
(CAA) does not specifically address the use of new, more efficient 
renewable energy technologies.  Consequently, the CAA does not provide 
significant incentives for development of such technologies.  New CHP 
facilities may face air permitting hurdles when they replace marginally 
“dirty” boilers.  At the same time, these CHP investments are taxed at the 
industry’s tax rate, not at the rate taxed if they were considered part of the 
utility sector for tax purposes.   

There is proposed energy legislation as a result of the NEP that works to 
further DG use.  The House of Representatives passed H.R. 4 in August 
2001 and the Senate passed S. 517 in April 2002.  The goal of H.R. 4 is “to 
enhance energy conservation, research and development and to provide 
for security and diversity in the energy supply for the U.S., and for other 
purposes;” the goal of S. 517 is “to authorize funding the Department of 
Energy to enhance its mission areas through technology transfer and 
partnerships for fiscal years 2002 through 2006, and for other purposes.”  
Currently, these bills are in conference committee to finalize a bill 
acceptable to both houses. 

5.2 DG IN MARYLAND 

One of the reasons Maryland restructured its electric industry was to 
provide incentives for the creation and development of innovative 
products and services. 

Maryland is promoting the use of alternative technologies by offering 
financial incentives for renewable energy use.  Maryland offers numerous 
tax credits and loan programs to entice commercial, industrial, municipal, 
residential, general public, nonprofit groups, and utilities to use 
renewable energy (Maryland Incentives for Renewable Energy, 2002). 
These credits and programs include: 

• A sales tax exemption or income tax credits when purchasing certain 
qualifying high efficiency appliances, electric and hybrid-electric and 
hybrid-electric vehicles, and certain renewable resource energy 
systems; 

• A 100% exemption of the excise tax on new electric or hybrid vehicles; 
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• A sales tax exemption for certain fuel cells; 

• A low interest loan program for eligible nonprofits for identifying and 
installing energy conservation improvements; 

• Income tax credits for photovoltaics, wind turbines, and fuel cells 
serving a green building; and 

• Tax credit against the corporate property tax for buildings equipped 
with a solar, geothermal, or qualifying energy conservation device 
used to heat or cool a structure. 

Maryland has also developed clean fuel procurement guidelines.  In 2001, 
an executive order was issued that called for at least 6 percent of the 
electricity consumed by State-owned facilities to be generated from green 
energy sources, such as wind, solar, landfill gas, and other biomass 
resources.  Other guidelines were also established for energy reduction 
and green building development and construction (North Caroline State 
University Solar Center, 2002). 

An example of the difficulties DG projects have encountered were studied 
in the NREL “Making Connections” July 2000 report, which documented 
difficulties faced by 65 DG projects seeking to connect with the electricity 
grid.  Two of the case studies were Maryland DG projects – a 703-kW 
system and a 25-kW photovoltaic (PV) system.  The 703-kW system was 
installed in an urban office building to supply building electric loads and 
air conditioning.  The back pressure steam turbine is supplied by a local 
waste to energy facility.  The project owner attributed major project 
installation and interconnection delays to the absence of utility procedures 
for handling interconnection requests, and from the absence of any 
established approach for resolving interconnection disagreements.  The 
utility company attributed delays to consideration of safety and reliability 
of the power supply from the DG system; new legislation will help to 
prevent problems and delays with future DG projects.  The 25-kW 
photovoltaic system was installed at a community college.  The owner 
stated that interconnection with the local investor-owned utility was 
difficult due to the utility’s delays in processing the customer’s request for 
interconnection and the utility’s lack of internal coordination. 

5.3 DG IN OTHER STATES 

As of February 2001, almost half of the states in the U.S. had initiated 
regulatory activity to restructure their electric power industry (EREN, 
2001).  The restructuring is allowing for more DG use and states are 
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initiating DG activities, such as interconnection and applications 
procedures, net metering standards, and rebate programs, for DG projects.  
As of October 2002, 15 states had initiated activity to introduce the 
necessary regulations for use of DG resources and nine states have 
completed DG these activities .  Figure 5-1 shows the status of state DG 
regulatory activity. 

Figure 5-1  Status of State Distributed Resource Regulatory Activity 

Source:  U.S. DOE’s Distributed Power Program, October 2002. 

As shown in Figure 5-1, California, Texas, and New York are among the 
nine states that have completed DG activities.  These states have also been 
in the forefront of enacting DG regulations.  For example, in the wake of 
California’s electricity problems in 2001, California consumers became 
aware of the need for peak-load reduction, increased power quality, and 
grid reliability, which are some of the key features of DG.  By March 2001, 
more than 2,000 MW of DG facilities have been installed in California, 
with an expected 300 – 400 MW in small-scale projects to be added on an 
annual basis in the near term (California Energy Commission, 2001).  The 
California Energy Commission’s Distributed Generation Strategic Plan 
views DG technologies as a benefit to California’s electric grid, energy 
consumers, and the environment.  To that end, California has developed 
standardized interconnection rules, incentive programs for self-
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generation, net metering programs have been expanded, and policies 
surrounding standby rates have been established.  Also, the California 
Legislature passed a law to address public concern about emissions from 
DG facilities and the California Air Resources Board recently adopted air 
emission standards applicable to DG units (California Energy 
Commission, 2002). 

In December 1999, the New York Public Service Commission (NYPSC) 
issued a final order addressing interconnection of DG resources of 300 
kilovolt-amperes (kVA) or less and operating in parallel with the utility 
distribution system.  The order addressed general technical guidelines for 
interconnection and application procedures, although it left many details 
to the discretion of utilities (EREN, 2001). 

The NYPSC issued revised standardized interconnection requirements for 
new DG resources of 300 kVA or less in November 2000.  An additional 
docket (Case 00-E-0005) was established by the NYPSC in January 2000 to 
examine the costs, benefits, and rates regarding distributed generation.  
Issues to be considered in the docket include the rates, terms, and 
conditions for providing standby electric service to customers installing 
DG units.  In 2002, modifications to the interconnection order streamlined 
DG projects and provided a more ordered progression for the study and 
review phases of a DG project. (EREN, 2003). 

Texas DG activities began in December 1999, when the Public Utility 
Commission of Texas (PUCT) adopted final rules (Project No. 21220) 
addressing technical and contractual issues related to installing 
distributed resources.  These initial rules have been amended and new 
technical interconnection rules have been adopted over the past few years.  
In March 2001, PUCT published a "Distributed Generation 
Interconnection Manual" (Project No. 21965).  The manual is intended to 
guide the inclusion of distributed generation into the Texas electric 
system.  It is intended for use by utility engineers processing distributed 
generation applications, as well as those persons considering or proposing 
the interconnection of distributed generation with a transmission and 
distribution utility.  The procedures in the manual are intended to cover 
important interconnection issues and problems, including detailing the 
process for dispute resolution (EREN, 2003). 
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6.0 EVALUATION OF THE AIR IMPACTS OF DG IN MARYLAND 

To assess some of the potential impacts of DG in Maryland, a series of 
possible DG scenarios using both existing and hypothetical future 
resources were identified.  Potential criteria pollutant (SOx, NOx, CO, and 
PM) emissions from the existing and hypothetical DG units were included 
in each scenario.  The emissions were modeled to evaluate the type and 
magnitude of air quality impacts that might result from the DG scenarios.  
To put the impacts in perspective, a hypothetical centrally located power 
plant, representing an equivalent amount of generating capacity 
(approximately 400 MW) was modeled and the results were compared to 
the DG scenarios. 

6.1 MODELING METHODOLOGY 

6.1.1 The CALMET/CALPUFF Modeling System 

The CALPUFF model was used to conduct this assessment. CALPUFF is a 
non-steady-state Lagrangian puff model that can simulate the effects of 
time and space-varying meteorological variations on pollutant transport, 
dispersion, transformation, and removal of multiple pollutant species 
(Scire, et al., 2000).  It also has the capability to model concentration 
impacts at distances in the immediate vicinity of sources.  CALPUFF uses 
a three-dimensional meteorological data set generated by CALMET, the 
companion meteorological preprocessor to CALPUFF.  For the present 
analysis, a CALMET meteorological data set was utilized that was 
developed with a domain that included all of Maryland (Scire, et al., 
2000a).  The domain was approximately 460 km (east-west) and 320 km 
(north-south); the grid spacing was set at 10 km and seven vertical layers, 
up to 4,120 meters, were used. 

CALPUFF has the capability of analyzing multiple impacts 
simultaneously.  It also has the capability to estimate impacts from 
secondary pollutants such as sulfates and nitrates that are formed from 
primary emissions of SO2 and NOx.  Modeling was conducted for SO2, 
NOx, CO, and PM10 for the applicable short-term averaging periods for 
each of these pollutants. 

Concentration estimates for the purpose of this study were made only for 
short-term averaging periods.  The simulations were intended to represent 
the effect of operating multiple smaller generating units as an alternative 
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to generating electricity at a central station.  Although air quality concerns 
do exist for long-term (i.e., annual) averages, the present study focused on 
short-term averaging periods to compare the impacts from various 
scenarios. 

6.1.2 Receptor Grids 

Receptors were placed over the entire modeling domain at 10 km 
intervals, for a total of 2,016 gridded receptors.  For the DG scenarios, 
polar receptor rings were placed around each representative generator at 
0.2 km, 0.5 km, 1 km, 2 km, and 5 km, resulting in an additional 17,280 
discrete receptors, for a total of 19,296 receptors.  For the power plant 
scenario, polar receptor rings were placed around the plant at 0.2 km, 0.5 
km, 1 km, 2 km, 5 km, 10 km, 15 km, and 20 km, resulting in an additional 
288 discrete receptors for a total of 19,584 receptors. 

6.2 MODELING SCENARIOS 

For this study, we evaluated three State-wide DG scenarios.  Two are 
based on an inventory of existing backup generators; the other includes a 
series of hypothetical generating units representing “new” DG units.  To 
offer a comparison, we also evaluated the air impacts from a centrally 
located power plant that uses traditional generation technology. 

6.2.1 DG #1:  “Existing Worst-case” Scenario 

This scenario represents a worst-case scenario of existing DG in Maryland.  
This DG case includes emissions from existing backup or emergency 
generators in operation in Maryland, and assumes that the units operate 
continuously over the year (24 hours/day, 365 day/year).  The scenario is 
worst-case because of the assumption regarding full-time operation of the 
generators.  Units included are the backup generators that were registered 
with MDE under COMAR 26.11.02 as of 18 September 2001.  This database 
of registered generators is not an exhaustive list of DG units in Maryland; 
however, it is believed to be a fairly accurate starting point for evaluating 
DG air issues.  

The MDE database contains 263 generators at 100 facilities across the 
State.  Four facilities had generators that were not operational.  Most of the 
generators (95 percent) use diesel fuel and have no emission controls, 
other than mufflers for noise abatement; the remaining 5% use natural 
gas.  The database includes information such as the location of the 
facilities; SO2, NOx, CO, and PM10 hourly emissions; stack information; 
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and other operational data.  The generators in the database combined 
represent approximately 400 MW of generating capacity. 

To facilitate the CALPUFF modeling, one representative generator for 
each facility was created.  The representative generator at each facility was 
developed by using the minimum stack height and diameter and 
minimum exit temperature and velocity of all the generators located at 
each facility.  Accordingly, 96 generators were modeled.  Figure 6-1 shows 
the locations of the DG facilities that were modeled. 

To estimate emissions, hourly emission rates for each representative 
generator were calculated by dividing the total amount of daily emissions 
reported in the database at a facility from all of the generators at that site 
by the total number of hours those generators ran daily.  The hourly 
emission rates listed in the database were used to calculate the emissions 
from each generator.  Table 6-1 shows the representative generator 
operational data. 

This is an extreme worst-case scenario in terms of emissions from the DG 
units, because most of the units in the database actually have limitations 
on the hours that they can run in a year, and because these units are 
generally not designed to run continuously over the year. 

 

Table 6-1  Locations and Stack Characteristics for the Representative Generators  
(Scenarios DG #1 and DG #2) 

County Stack 
Height  

 
(Ft) 

Stack 
Diameter 

 
(In) 

Exit 
Temp  

 
(°F) 

Exit 
Velocity 

 
(Ft/Sec)

Total 
SO2  

 
(#/Day)

SO2 
short-
term 
(#/hr) 

Total 
NOx 

 
(#/Day)

NOx 
short-
term 
(#/hr) 

Total 
CO  

 
(#/Day) 

CO 
short-
term 
(#/hr) 

Total 
PM10 

 
(#/Day)

PM10 
short-
term 
(#/hr) 

ALLEGANY 15 5 300 10 0.0 0.0 2.0 2.0 1.0 1.0 0.0 0.0 

 14 11 1100 25 6.0 1.5 82.0 20.5 18.0 4.5 6.0 1.5 

ANNE ARUNDEL 30 20 300 10 0.0 0.0 5.0 2.5 0.0 0.0 0.0 0.0 

 12 4 750 50 11.0 11.0 206.0 206.0 21.0 21.0 18.0 18.0 

 10 4 100 10 228.0 3.4 1254.0 18.4 336.0 4.9 178.0 2.6 

 7 8 806 89 24.0 3.0 327.0 40.9 24.0 3.0 2.0 0.3 

 12 10 800 100 12.0 3.0 66.0 16.5 57.0 14.3 2.0 0.5 

 12 8 891 39 3.0 3.0 52.0 52.0 11.0 11.0 4.0 4.0 

 12 22 900 11 2.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 

 15 12 1018 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

 50 10 915 20 93.0 11.6 259.0 32.4 39.0 4.9 6.0 0.8 

 60 12 1000 57 11.0 5.5 146.0 73.0 6.0 3.0 3.0 1.5 

BALTIMORE 35 12 480 10 6.0 0.4 36.0 2.3 3.0 0.2 0.0 0.0 
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Table 6-1  Locations and Stack Characteristics for the Representative Generators  
(Scenarios DG #1 and DG #2) 

County Stack 
Height  

 
(Ft) 

Stack 
Diameter 

 
(In) 

Exit 
Temp  

 
(°F) 

Exit 
Velocity 

 
(Ft/Sec)

Total 
SO2  

 
(#/Day)

SO2 
short-
term 
(#/hr) 

Total 
NOx 

 
(#/Day)

NOx 
short-
term 
(#/hr) 

Total 
CO  

 
(#/Day) 

CO 
short-
term 
(#/hr) 

Total 
PM10 

 
(#/Day)

PM10 
short-
term 
(#/hr) 

 13 12 1018 100 6.0 0.8 82.0 10.3 24.0 3.0 4.0 0.5 

 18 24 920 10 2.0 0.1 20.0 1.3 4.0 0.3 0.0 0.0 

 15 11 800 10 2.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 

 30 36 400 10 5.0 0.6 96.0 12.0 22.0 2.8 0.0 0.0 

 15 8 884 100 73.0 9.1 1081.0 135.1 238.0 29.8 7.0 0.9 

 14 12 987 100 56.0 2.3 1245.0 51.9 57.0 2.4 7.0 0.3 

BALTIMORE CITY 194 15 862 138 12.0 6.0 180.0 90.0 43.0 21.5 3.0 1.5 

 13 10 891 39 18.0 0.6 177.0 5.9 42.0 1.4 6.0 0.2 

 70 8 976 35 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

 16 12 862 81 2.0 1.0 30.0 15.0 6.0 3.0 2.0 1.0 

 180 25 300 10 21.0 3.5 60.0 10.0 0.0 0.0 0.0 0.0 

 136 36 300 10 4.0 1.0 12.0 3.0 0.0 0.0 0.0 0.0 

 235 6 250 50 20.0 1.7 219.0 18.3 60.0 5.0 6.0 0.5 

 8 8 500 15 1.0 0.1 1.0 0.1 0.0 0.0 0.0 0.0 

 103 8 1000 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

 131 36 895 100 2.0 2.0 24.0 24.0 5.0 5.0 0.0 0.0 

 160 14 884 100 16.0 1.0 150.0 9.4 6.0 0.4 0.0 0.0 

 9 14 790 100 0.0 0.0 144.0 6.0 252.0 10.5 9.0 0.4 

 30 20 870 100 504.0 10.5 1682.0 35.0 756.0 15.8 0.0 0.0 

 75 14 325 100 3.0 3.0 40.0 40.0 11.0 11.0 2.0 2.0 

 61 16 984 179 0.0 0.0 35.0 35.0 2.0 2.0 0.0 0.0 

 14 8 891 619 16.0 8.0 250.0 125.0 55.0 27.5 4.0 2.0 

CALVERT 51 27 900 15 60.0 15.0 921.0 230.3 198.0 49.5 64.0 16.0 

CARROLL 5 8 300 10 8.0 8.0 24.0 24.0 6.0 6.0 0.0 0.0 

 45 24 400 40 144.0 18.0 141.0 17.6 175.0 21.9 7.0 0.9 

 10 6 895 100 6.0 1.5 116.0 29.0 12.0 3.0 1.0 0.3 

CECIL 51 10 957 15 12.0 1.5 182.0 22.8 24.0 3.0 2.0 0.3 

 14 12 987 100 56.0 2.3 1245.0 51.9 57.0 2.4 7.0 0.3 

CHARLES 10 21 847 100 6.0 0.8 61.0 7.6 16.0 2.0 0.0 0.0 

 40 20 460 10 72.0 18.0 100.0 25.0 166.0 41.5 4.0 1.0 

 75 24 410 40 72.0 18.0 100.0 25.0 166.0 41.5 4.0 1.0 

FREDERICK 14 8 765 4 6.0 1.5 87.0 21.8 19.0 4.8 6.0 1.5 

 10 8 300 15 39.0 4.3 248.0 27.6 67.0 7.4 4.0 0.4 

 13 10 850 24 5.0 5.0 75.0 75.0 1.0 1.0 0.0 0.0 

 75 20 895 95 58.0 14.5 589.0 147.3 154.0 38.5 11.0 2.8 

HARFORD 7 4 100 10 0.0 0.0 110.0 9.2 28.0 2.3 4.0 0.3 

 10 4 200 10 0.0 0.0 10.0 0.4 4.0 0.2 0.0 0.0 

 24 10 870 100 32.0 1.3 520.0 21.7 112.0 4.7 40.0 1.7 
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Table 6-1  Locations and Stack Characteristics for the Representative Generators  
(Scenarios DG #1 and DG #2) 

County Stack 
Height  

 
(Ft) 

Stack 
Diameter 

 
(In) 

Exit 
Temp  

 
(°F) 

Exit 
Velocity 

 
(Ft/Sec)

Total 
SO2  

 
(#/Day)

SO2 
short-
term 
(#/hr) 

Total 
NOx 

 
(#/Day)

NOx 
short-
term 
(#/hr) 

Total 
CO  

 
(#/Day) 

CO 
short-
term 
(#/hr) 

Total 
PM10 

 
(#/Day)

PM10 
short-
term 
(#/hr) 

 3 6 960 100 1.0 0.3 52.0 17.3 14.0 4.7 0.0 0.0 

HOWARD 13 1 850 100 1.0 0.3 9.0 3.0 4.0 1.3 0.0 0.0 

 20 12 300 10 6.0 3.0 84.0 42.0 18.0 9.0 6.0 3.0 

 10 8 1050 100 9.0 4.5 135.0 67.5 29.0 14.5 9.0 4.5 

 11 14 960 166 2.0 1.0 93.0 46.5 13.0 6.5 1.0 0.5 

MONTGOMERY 14 10 77 15 110.0 1.0 2334.0 21.8 406.0 3.8 35.0 0.3 

 22 12 940 100 72.0 4.5 1204.0 75.3 124.0 7.8 12.0 0.8 

 24 12 957 20 14.0 0.7 12.0 0.6 7.0 0.4 0.0 0.0 

 15 12 385 100 2.0 0.3 56.0 9.3 2.0 0.3 3.0 0.5 

 9 12 400 10 50.0 1.3 395.0 9.9 89.0 2.2 6.0 0.2 

 10 6 250 15 17.0 1.1 128.0 8.5 33.0 2.2 2.0 0.1 

 10 12 350 10 4.0 0.5 50.0 6.3 14.0 1.8 3.0 0.4 

 40 11 900 21 10.0 2.5 125.0 31.3 33.0 8.3 2.0 0.5 

 11 12 780 1 10.0 5.0 60.0 30.0 18.0 9.0 6.0 3.0 

 10 10 924 100 1.0 0.3 10.0 2.5 3.0 0.8 0.0 0.0 

 15 18 952 30 24.0 8.0 250.0 83.3 60.0 20.0 0.0 0.0 

 10 8 945 100 1.0 1.0 0.0 0.0 0.0 0.0 1.0 1.0 

 12 12 800 60 28.0 3.5 634.0 79.3 38.0 4.8 20.0 2.5 

 16 12 946 100 14.0 7.0 138.0 69.0 32.0 16.0 4.0 2.0 

 16 8 850 100 8.0 2.0 116.0 29.0 25.0 6.3 8.0 2.0 

 20 8 957 305 8.0 4.0 121.0 60.5 27.0 13.5 2.0 1.0 

PRINCE GEORGES 25 18 200 10 68.0 1.2 1290.0 22.2 799.0 13.8 90.0 1.6 

 35 12 792 100 6.0 1.0 120.0 20.0 18.0 3.0 6.0 1.0 

 35 24 600 25 9.0 2.3 135.0 33.8 31.0 7.8 2.0 0.5 

 10 12 800 4 0.0 0.0 36.0 0.1 11.0 0.0 0.0 0.0 

PRINCE GEORGES 20 44 941 100 0.0 0.0 10.0 5.0 2.0 1.0 0.0 0.0 

 20 8 900 300 4.0 2.0 36.0 18.0 10.0 5.0 2.0 1.0 

 26 12 720 100 16.0 2.0 122.0 15.3 32.0 4.0 2.0 0.3 

 10 12 1005 100 7.0 0.9 105.0 13.1 24.0 3.0 0.0 0.0 

 25 8 937 30 6.0 1.5 19.0 4.8 5.0 1.3 0.0 0.0 

 14 10 905 100 81.0 16.2 1227.0 245.4 264.0 52.8 86.0 17.2 

 84 48 400 23 1.0 0.0 31.0 1.3 8.0 0.3 0.0 0.0 

 25 18 500 10 20.0 5.0 192.0 48.0 44.0 11.0 0.0 0.0 

QUEEN ANNES 13 10 850 463 60.0 60.0 687.0 687.0 99.0 99.0 0.0 0.0 

SOMERSET 20 36 400 17 79.0 1.6 3228.0 67.3 857.0 17.9 58.0 1.2 

 10 10 450 94 22.0 1.8 189.0 15.8 49.0 4.1 19.0 1.6 

 20 14 750 15 1.0 0.1 41.0 3.4 25.0 2.1 1.0 0.1 

 10 8 350 50 2.0 2.0 23.0 23.0 5.0 5.0 2.0 2.0 
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Table 6-1  Locations and Stack Characteristics for the Representative Generators  
(Scenarios DG #1 and DG #2) 

County Stack 
Height  

 
(Ft) 

Stack 
Diameter 

 
(In) 

Exit 
Temp  

 
(°F) 

Exit 
Velocity 

 
(Ft/Sec)

Total 
SO2  

 
(#/Day)

SO2 
short-
term 
(#/hr) 

Total 
NOx 

 
(#/Day)

NOx 
short-
term 
(#/hr) 

Total 
CO  

 
(#/Day) 

CO 
short-
term 
(#/hr) 

Total 
PM10 

 
(#/Day)

PM10 
short-
term 
(#/hr) 

ST MARYS 12 10 70 64 36.0 36.0 106.0 106.0 24.0 24.0 3.0 3.0 

TALBOT 30 16 475 74 98.0 0.5 5892.0 32.0 1539.0 8.4 589.0 3.2 

 40 16 682 80 609.0 7.6 5513.0 68.9 1289.0 16.1 275.0 3.4 

WASHINGTON 36 10 915 100 0.0 0.0 28.0 28.0 8.0 8.0 1.0 1.0 

WICOMICO 10 4 725 100 2.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 

 40 100 165 10 19.0 1.9 158.0 15.8 41.0 4.1 16.0 1.6 

WORCESTER 11 8 800 100 5.0 1.7 4.0 1.3 1.0 0.3 0.0 0.0 

 35 18 600 25 45.0 58.0 959.0 58.0 119.0 58.0 31.0 58.0 

 8 8 150 30 2.0 0.5 22.0 5.5 4.0 1.0 2.0 0.5 

 8 8 150 30 2.0 1.0 23.0 11.5 5.0 2.5 2.0 1.0 

Figure 6-1 Location of Generators and Central Power Plant 
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6.2.2 DG #2:  “Existing Realistic” Scenario 

This scenario includes the same backup generators in the MDE database 
discussed above (representing 400 MW of electricity), but assumes that the 
units operate for a limited number of hours each year, based on the 
“maximum” hours of operation for each unit listed in the MDE database.   

Emissions for this scenario were based on the short-term (hourly) 
emission rates in the MDE database for each backup generator.  The 
hourly emission rates for each representative generator were also 
calculated by dividing the total amount of pollutant reported daily at a 
facility from all of the generators at that site by the total number of hours 
those generators are allowed to operate daily, based on the information 
provided in the database. 

This is a more realistic scenario, both in terms of operations and 
emissions, than assuming that these generators operate continuously over 
the course of the year.  Table 6-1 also shows the representative generator 
operational data for the short-term emissions. 

6.2.3 DG #3:  “New DG” Scenario 

This scenario was created to represent “new” CHP or cogeneration DG 
technology in Maryland.  For this case, we assumed the installation of two 
new, natural gas-fired engines, each rated at 2.1-MW.  These hypothetical 
new DG units were placed for this evaluation at the same locations as the 
existing backup generators (see Figure 6-1).  Again, for consistency, the 
combined generating capacity of the new DGs is approximately 400 MW. 

The new DG technology was based on the Trigen Energy Inner Harbor 
East project (Maryland Public Service Commission Certificate of Public 
Convenience and Necessity (CPCN) Case No. 8856).  That project 
involved the installation of a 2.1-MW, natural gas-fired, Waukesha Model 
12V-AT27GL engine. 

To conduct the modeling, two identical 2.1-MW units were placed at the 
same locations as the backup generators.  The emissions from these 
facilities were summed to create a representative DG unit.  Hence, the 
power produced by the units is equivalent to the power produced by the 
backup generators, approximately 400 MW.  Table 6-2 shows the model 
input data for this scenario. 
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6.2.4 DG #4:  Centrally Located Power Plant 

As stated earlier, to put potential DG impacts in perspective, the emissions 
impacts from the existing and hypothetical DG scenarios were compared 
to similar emissions impacts from a hypothetical new centrally located 
power plant. 

Emissions and stack parameters for the simulated new power plant were 
obtained from a recent application from Mirant MidAtlantic for a CPCN 
to install and operate a combined cycle natural gas- and oil-fired 
combustion turbine (CT) facility at the existing Dickerson generating 
station in Montgomery County, Maryland (CPCN Case No. 8888).  
Specifically, the proposed new Dickerson Unit 5, comprised of a 210-MW, 
GE Frame 7F CT equipped with duct burners, served as the stack model 
for the power plant scenarios.  The CT represents a modern, well-
controlled unit employing selective catalytic reduction (SCR) control for 
NOx emissions.  Mirant’s proposed CT project is currently undergoing the 
licensing process with the PSC. 
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Table 6-2 Stack Characteristics for the Centrally Located Power Plant and 
Cogeneration Scenarios 

Scenario 
Stack 

Height 
(ft) 

Stack 
Diameter 

(ft) 

Exit 
Temp 
(oF) 

Exit 
Velocity 
(Ft/Sec) 

Total 
SO2 

(#/hr) 

Total 
NOx 
(#/hr) 

Total CO 
 

 (#/hr) 

Total 
PM10 
(#/hr) 

Cogeneration Scenario (DG #3) [1] 

2.1 MW Unit 92.5 6.5 180 55.8 5.39 34.79 26.47 3.92 

Centrally Located Power Plant Scenarios (DG #4) [2] 

SC, NG 130 22.57 1145 98 18.4 109.6 67.36 21.02 

CC, NG 190 20 200 52 22.2 50.6 5.52 20.95 

SC, #2 FO 130 22.57 1099 98 176 567.4 38.13 39.77 

CC, #2 FO [3] 190 20 250 55 176 202.6 12.38 70.67 

[1] This data is for one 2.1 MW unit. 

[2] SC – Simple Cycle 
      CC – Combined Cycle 
      NG – Natural Gas 
     #2 FO – Fuel Oil 

[3] Model scenario that showed the greatest modeled air impacts. 

Four different operating scenarios were modeled to obtain worst-case 
emissions from the simulated facility.  These scenarios consisted of: 
• Simple cycle CT using natural gas;  
• Combined cycle CT using natural gas;  
• Simple cycle CT using No. 2 fuel oil; and  
• Combined cycle CT using No. 2 fuel oil.   

Emission rates from the simulated plant were doubled to represent two 
units to equal the power produced by the backup generators, 
approximately 400 MW.  Table 6-2 also shows the model input data for 
this scenario.   

The simulated power plant was located in northwestern Anne Arundel 
County, halfway between Washington, D.C. and Baltimore.  Figure 6-1 
also shows the location of the simulated power plant. 
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7.0 MODELING RESULTS AND DISCUSSION 

Results of the CALPUFF modeling are presented in both tabular and 
graphical format.  Table 7-1 provides a summary of the overall maximum 
concentrations predicted for the three DG scenarios and the centrally 
located power plant scenario.  For the centrally located power plant, the 
concentrations displayed in this table represent impacts of the combined 
cycle operating mode firing fuel oil, which was the operational mode that 
produced the highest concentration impacts.  

Table 7-1 also shows the ambient concentration thresholds that are used to 
evaluate the “acceptability” of a new power plant from the perspective of 
ambient air quality impacts.  Based on CAA and State requirements, 
concentration impacts that are less than the significant impact levels (SILs) 
are considered insignificant and do not require further analysis.  The 
Prevention of Significant Deterioration (PSD) increments are thresholds 
that cannot be exceeded by new sources, and the National Ambient Air 
Quality Standards (NAAQS) represent concentration levels that are 
intended to protect public health and welfare.   

Figures 7-1 through 7-4 show the maximum 24-hour SO2 concentrations 
for each of the scenarios.  The “worst-case” DG scenario (DG#1) modeling 
results show that if the backup generators are allowed to operate at full 
loads continuously, the NAAQS would be exceeded by many times.  
Without the implementation of control technology, it was expected that 
the NAAQS might be threatened.  The model runs show that the NAAQS 
standard would be exceeded to dangerous levels if backup generators 
were to run full time without any emission controls. 

Historically, backup generators have not been modeled for air quality 
impacts.  It was shown by this analysis that in Maryland, as expected, the 
impacts from the “existing realistic” scenario (DG#2), do not result in 
concentrations that exceed the NAAQS.  In some instances, the PSD 
increments are exceeded, but may be attributable to sources installed 
before the minor source baseline date. 

The modeling showed that the cogeneration scenario (DG #3) may be the 
optimal DG scenario.  If efficient natural gas-fired generators were to 
replace the registered backup generators, no net increase in the ambient 
impacts for the criteria pollutants would occur.  In fact, the SO2 and PM10 
impacts would decrease.  We do see an increase in nitrate concentrations, 
which is due to increased NOx emissions from natural gas-fired 
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generators.  The modeling results show an increase in nitrate 
concentrations from the cogeneration scenario (DG #3) compared to the 
realistic backup generator case (DG #2), but the total impact is well below 
the proposed 24-hour primary NAAQS for PM2.5 of 65 µg/m3. 
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Table 7-1 Summary of Modeling Results in µg/m3 

DG Units (Scenarios DG #1, DG #2, and DG #3) 

Pollutant SIL PSD 
Increment NAAQS 

DG #1: 
Full Time 

Operations 
Backup 

Generator 
Emissions (1) 

DG #2: 
Actual 

Conditions 
Backup 

Generator 
Emissions (1) 

DG #3: 
Cogeneration 
Emissions (1) 

3-hr 25 512 1,300 4,984.7 140.4 133.63 SO2 

24-hr 5 91 365 1,545.4 57.2 32.37 

PM10 24-hr 5 30 150 803.2 107.7 23.52 

Sulfates 24-hr - - 65 (2) 1.41 0.14 0.38 

Nitrates 24-hr - - 65 (2) 4.54 1.82 7.72 

CO 1-hr 2,000 - 40,000 7,240.7 (3) (3) 

Centrally Located Power Plant (Scenario DG #4) 

Pollutant SIL PSD 
Increment NAAQS 

DG #4: 
Combined 

Cycle 
 

3-hr 25 512 1,300 24.6  SO2 

24-hr 5 91 365 4.7  

PM10 24-hr 5 30 150 1.8  

Sulfates 24-hr - - 65 (2) 0.27  

Nitrates 24-hr - - 65 (2) 0.96  

CO 1-hr 2,000 - 40,000 7.5  

SIL: Significant Impact Level 
PSD: Prevention of Significant Deterioration 
NAAQS: National Ambient Air Quality Standards 
(1) Represents the maximum of all the representative generators. 
(2) The new NAAQS for PM2.5 includes sulfates and nitrates. 
(3) Due to scenario DG #1 having CO results much lower than NAAQS, the modeling for scenarios 
DG #2 and DG #3 did not consider CO. 
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Figure 7-1 Maximum 24-hour SO2 Concentration for the Generators  
(Scenario DG #1) 

 

Figure 7-2 Maximum 24-hour SO2 Concentration for the Generators Using Actual 
Conditions (Scenario DG #2) 
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Figure 7-3 Maximum 24-hour SO2 Concentration for the Cogeneration Units  
(Scenario DG #3) 

Figure 7-4 Maximum 24-hour SO2 Concentration for the Central Power Plant 
(Scenario DG #4) 
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8.0 SUMMARY 

There are a number of regulatory, economical, and practical drivers for 
more frequent and widespread use of DG to supply some power needs.  
DG may present an opportunity for the introduction of newer and cleaner 
generating technologies.  On the other hand, DG may also, in certain 
situations, allow developers to operate a series of smaller, geographically 
dispersed DG units that would be subject to less stringent air quality 
requirements than a larger, centrally located power plant.  In fact, the 
analysis suggests that the widespread use of uncontrolled backup 
generators for distributed generation could result in undesirable 
consequences in terms of air quality.  The analysis further suggests that 
application of new or existing DG technologies would benefit from careful 
review of siting, design considerations, and emission control technologies. 
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