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Abstract 
 

Greenhouse gas (GHG) emissions are a major concern because of their potential for affecting 
global climate.  While there are many GHGs, carbon dioxide (CO2) generated by the 
combustion of fossil fuels accounts for the bulk of the mass emissions of GHGs globally. 
About 40% of the CO2 in the atmosphere comes from electrical power generation. 

This project conducted by the Maryland Power Plant Research Program (PPRP) assesses the 
amount of CO2 produced from the generation of electrical power in Maryland.  It also 
“benchmarks” the potential for improvement by considering two cases:  an overall 
improvement in electrical generation efficiency of 1% and the replacement of old inefficient 
generating units that burn coal and oil with new, more efficient gas-fired combined cycle 
units. 

The most practical and immediate way to reduce CO2 production from generation of 
electrical power is to improve the efficiency of the existing generating units.  To support that 
goal, a set of efficiency guidelines that addresses the major components that are found in 
most Maryland power plants has been developed and is provided under separate cover. 

This report also examines alternative technologies to determine their potential for 
improvement in efficiency.  Most alternative technologies are variations on heat engines that 
are, by themselves, not more efficient or lower in emissions than the best available power 
generation technology.  When these alternative technologies are applied in Combined Heat 
and Power (CHP) applications, however, there can be an overall increase in efficiency and 
corresponding reduction in emissions.  Among the most practical demonstrated technology in 
this area is the gas-fired microturbine or internal combustion engine used in a topping cycle 
where the “waste heat” from the gas turbine exhaust or engine is used in another process such 
as space heating or air conditioning.  Alternative technology that does not lend itself to CHP 
applications is also examined, including wind turbines.  Finally, carbon sequestration is 
examined. 

Finally, this report examines the efforts that are already in progress in Maryland to control 
and limit the emissions of CO2 from electric power generation, and provides 
recommendations to improve the emissions of CO2 for electric power generation. 

 



 

  

Executive Summary 

The purpose of the research covered in this report is two-fold: 

• First to quantify emissions of the greenhouse gas (GHG) carbon dioxide (CO2) from 
power plants in Maryland both, historical and future.  In quantifying the CO2 emissions, a 
verification of the inventory of generating plants in Maryland was completed. 

• Second, to determine what can be done to minimize production of CO2 from electrical 
generating plants.  There are two areas in which work was done in this area.  The first 
investigated methods to improve operating efficiencies since this is the best way to 
minimize production of CO2 for a given system demand.  The second investigated ways 
to reduce the load for conventional generating units by generating electricity using 
alternative forms of energy that result in overall improvement in efficiency, principally 
through Combined Heat and Power (CHP). 

The principal means of investigation for this report was research on the Internet.  There is 
considerable information available on the Internet from both State and federal agencies, 
particularly by the Environmental Protection Agency (EPA) and the Department of Energy 
(DOE).  These agencies are responsible both for collection of data from generating plants 
that allowed determination of the amount of CO2 produced and for sponsorship of research 
that is designed to improve efficiency and to develop new energy technologies. 

Determining CO2 Emissions 

For this project we used available information, primarily from DOE Form EIA-906, to 
calculate CO2 emissions from Maryland power plants based on fuel type, fuel consumption 
rate, and the amount of electricity generated in a year.  We then compared these estimates of 
CO2 emissions with those based on published emission coefficients from the DOE’s Energy 
Information Administration and from available CO2 inventories (such as EPA’s eGRID and 
Acid Rain databases). 

Potential for Reductions in CO2 Emissions 

We investigated CO2 emissions reduction opportunities from improvements in power 
generation efficiency.  For example, we reviewed the reduction in mass CO2 emissions in 
Maryland that would result from a 1% increase in overall power generation efficiency.  We 
also looked at the effect of replacing older coal- and oil-fired generation in Maryland with 
best reasonably available alternatives from the perspective of CO2 produced per kilowatt-
hour (kWH) of electricity generated.  That alternative was represented as gas-fired combined 
cycle generation with 52% thermal efficiency.  Such a change would result in a reduction of 
CO2 from power production of about 60% and would reduce total CO2 emissions in 
Maryland by a little more than 20%. 

Combined Heat and Power (CHP) and Alternative Power Generation Technology to 
Reduce CO2 Production 

There are many alternative technologies available for the generation of electric energy that 
have the potential to reduce CO2 emissions.  In many instances these technologies are best 



 

  

applied in combined heat and power (CHP) applications.  CHP refers to systems where 
electric power is generated together with heating and/or cooling processes, with the overall 
effect of increased efficiency over generating electric power separately.   

With the possible exceptions of wind and hydropower, the common problem with nearly all 
of these technologies is that they are currently not cost competitive. This means that it is 
important to operate the existing electric generating units as efficiently as possible.  
Accordingly, a set of efficiency guidelines was developed under this project. 

Maryland State Activities that Help Reduce CO2 Production 

The State of Maryland is conducting a number of activities to promote energy efficiency and 
the use of alternative technologies that result in reduction of CO2 emissions.  Those efforts 
include: 

• Development of a Maryland Greenhouse Gas Reduction Action Plan 

• Study of carbon sequestration strategies 

• Study of carbon credit trading 

• Establishment of a “Green Building” tax credit 

• Establishment of the Maryland Industries of the Future Program which encourages 
improved efficiency in Maryland industry 

• Creation of Community Energy Loan Program (CLEP), which provides loans for energy 
saving projects principally for institutional buildings owned by non-profit and local 
government organizations 

• Conduct of industrial energy efficiency assessments, which provide coordination of 
energy assessments for Maryland companies and institutions by DOE Industrial 
Assessment Centers 

Conclusions and Recommendations 

While the State of Maryland is doing many things to reduce the production of CO2, there are, 
nonetheless some opportunities for improvement.  Focusing attention on the efficient 
operation of existing generating units should be an important priority, and the Efficiency 
Guidelines developed under this project (PPRP, 2004) provide the basis for improving and 
maintaining efficient operation.  Net metering, which helps improve the economics of CHP, 
is currently limited to photovoltaic (PV), wind energy and qualified biomass energy 
applications, and the total amount of net metering is limited as a small percentage of the 1998 
State generating capacity.  Maryland could help promote development of CHP applications 
by extending net metering to other technologies, and by removing the current limits on the 
amount of energy than can be generated. 

Recommendations include: 

• Work to minimize production of CO2 from existing generating plants through the 
implementation of efficiency guidelines; 



 

  

• Work to minimize production of CO2 from new plants by providing incentives to use 
technologies that minimize the production of CO2; 

• Promote greater use of CHP through a systematic survey to identify candidate sites 
followed by promotion of CHP to those candidate sites; 

• Improve reporting/gathering of information by building upon the existing Federal 
reporting requirements while minimizing the additional work required by those providing 
that information; 

• Review the provisions of the Maryland Clean Energy Incentive Act to both extend the 
term and coverage of those incentives.  Some of the tax incentives to promote energy 
efficiency in this Act expired in 2004 and should be considered for reinstitution; and 

• Consider broadening the scope of net metering to help support the economics of CHP 
technologies. 
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1 INTRODUCTION 
In this project, the Maryland Power Plant Research Program (PPRP) investigated carbon 
dioxide (CO2) emissions from power generation in Maryland.  The broad objectives of this 
study are to: 

• Determine the magnitude of the CO2 from power plants in Maryland, 

• Identify likely trends in CO2 production in the State, 

• Examine strategies to limit the production of CO2 from power generation in Maryland, 
and 

• Develop guidelines for efficient power plant operation that could be applied to power 
plants in Maryland. 

 

The specific tasks associated with this study were as follows: 

1) Inventory power plants in Maryland 

2) Estimate historical CO2 emissions 

3) Estimate future CO2 emissions 

4) Review potential opportunities for reduction in CO2 emissions 

5) Identify key existing GHG programs 

6) Check with environmental groups such as Natural Resources Defense Council for 
relevant information 

7) Check on new and alternative technologies such as carbon sequestration, solar and wind 
power 

8) Develop draft power plant efficiency improvement/monitoring guidelines. 

 
The principal sources of information for this project were the Department of Energy (DOE), 
which has considerable data on the electric power industry made available through the 
Energy Information Agency (EIA), and the Environmental Protection Agency (EPA).  
Information from these sources was supplemented by resources from the State of Maryland 
and manufacturers of power generation equipment. 

2 MARYLAND POWER PLANTS INVENTORY 
Using available information from PPRP1 and EIA, we developed a working power plant 
inventory for this project.  The inventory, shown in Appendix A, shows an installed capacity 
of approximately 13,050 megawatts (MW).  It is important to note that this total includes 
nuclear and hydro generation as well as CO2 producing fossil fuel power plants, but does not 
include “self generators” and plants that burn refuse-derived fuel.  This subset of generating 
units accounts for about 97% of the total generating capacity in Maryland (13,470 MW).   

                                            
1 Maryland PPRP Electricity in Maryland – Fact Book 2004, 
http://www.esm.versar.com/pprp/factbook/factbook.htm 
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Maryland Generating Units by Fuel Type
From Appendix A data based on PPRP Electricity Fact Book 2004

0.0%

5.0%

10.0%

15.0%

20.0%

25.0%

30.0%

35.0%

40.0%

45.0%

Coal Oil NG Nuclear DFO Hydro

Pe
rc

en
t o

f T
ot

al

 

Figure 1 - Maryland Generating Units by Fuel Type 

The majority of Maryland power plants are coal-fired, with a significant fraction of nuclear 
and hydro generation.  This mix of generation has two consequences for CO2 emissions.  
First, since over 57% of the capacity in Maryland is coal-fired, nuclear, and hydro power 
plants, the cost of electricity in Maryland is lower than in States where the dominant fuel is 
natural gas.  Second, since such a large percentage of the fossil fueled generation is coal-
fired, there is the potential for a relatively large amount of CO2 to be generated per kilowatt-
hour (kWH).  It is important to realize that Figure 1 represents capacity by fuel type of the 
subset of generating units that are considered in our inventory and not the amount of 
electricity generated by fuel type.  A comparison of generation by fuel type is presented in 
Section 4.2. 

3 CO2 EMISSIONS 

3.1 SOURCES OF INFORMATION 
For this study, we calculated potential CO2 emissions from power plants in the project 
inventory using available operational information, and compared these estimates to 
information from traditional CO2 inventories from EPA and DOE.  Operational and 
emissions information for the years 2000-2002 were used in the evaluation.  The sources of 
information used in the evaluation included: 

• EIA Form EIA-906 

• Databases from EIA based on EIA for Form 906 – Power Plant Report 
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• Information from PPRP’s report of 2004 “Maryland Utility NOx Control Update 
Report” (PPRP-129) 

• EIA reduced data 

3.1.1 EIA Data 
The EIA collects considerable information from the electric utility industry.  Figure 2 from 
the EIA Electric Power Annual 2001 illustrates the data collection process. 

The source of information that has proven to be most useful for our work has been the data 
collected using EIA form EIA-906, “Power Plant Report” which is used by generating unit 
owners to report monthly data for generation, energy consumed (for each fuel used), and 
other related information such as the heating value of the fuel.  This information is made 
available in two databases, one for utility owners2 and the other for non-utility owners.3 

Prior to 2000, nearly all generating units were classified as utility plants.  In 2000, many 
units were reclassified as “non-utility” plants because of the deregulation process, and so it 
was necessary to combine data from the utility and non-utility databases for 2000. 

It should be noted that there are issues with the data from these databases.  There is no 
reporting of generation from Maryland utility power plants in the 2002 data, presumably 
because since deregulation there are so few utility (regulated) power plants in Maryland. 

The EIA reporting format Form 906 has recently (February 2004) been revised and a draft of 
the new reporting format has been posted on the Internet for public comment.4  One 
significant difference in the new reporting format is the combination of utility and non-utility 
data in the same database.  The file posted for comment has data for 2003 through October 
only and is not included in this report. 

There are two other data sources from EIA that are important.  First, there is a database 
listing of emissions from power plants for all States in the United States from 1990 through 
2001.5  Secondly, there is a listing of all power plants in every State in the United States.6 

                                            
2 US DOE, Energy Information Agency, Form EIA-906 Database: Monthly Utility Power Plant Database 
http://www.eia.doe.gov/cneaf/electricity/page/eia906u.html 
3 US DOE, Energy Information Agency, Form EIA-906 Database: Monthly Nonutility Power Plant Data 
http://www.eia.doe.gov/cneaf/electricity/page/eia906nonu.html 
4 US DOE, Energy Information Agency, Form EIA-906 Database: Monthly Utility Power Plant Database 
http://www.eia.doe.gov/cneaf/electricity/page/eia906u.html 
5 US DOE EIA Emissions of Greenhouse Gases in the United States 2003 
http://www.eia.doe.gov/oiaf/1605/ggrpt/summary/index.html 
6 Existing Electric Generating Units in the United States by State, Company and Plant, 2002 
http://www.eia.doe.gov/cneaf/electricity/page/capacity/existing2002.xls 
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Figure 2 - EIA Data Collection from Electric Power Annual 20017 

3.1.2 EPA US Greenhouse Gas Emission and Sinks: 1990-2002 
The EPA issues an updated GHG inventory annually in a report entitled “Inventory of U.S. 
Greenhouse Gas Emissions and Sinks.”8  The latest version, released April 2004, brings the 
data up to date through the end of 2002.  Little data was used from this document because it 
does not provide detailed information by State; however, it was used to extrapolate data from 
the Maryland Greenhouse Gas Emissions Inventory 1990. 

3.1.3 Babcock & Wilcox “Steam” Edition 40 
Steam9, published by Babcock & Wilcox, is an industry standard for combustion 
calculations.  Data from Steam was used to develop calculations for the production of CO2 
from combustion of various fossil fuel types. 

                                            
7 Electric Power Annual 2001 (DOE/EIA-0348(2001), pg 7 by US DOE EIA Administration Office of Coal, 
Nuclear, Electric and Alternate Fuels http://tonto.eia.doe.gov/FTPROOT/electricity/034801.pdf 
8 Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2001, 
http://yosemite.epa.gov/oar/globalwarming.nsf/content/ResourceCenterPublicationsGHGEmissionsUSEmission
sInventory2004.html 
9 Steam Its Generation and Use 40th Edition, Babcock & Wilcox 
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3.1.4 Other Sources of Information Reviewed 
A number of other sources of information were reviewed, including: 

• eGRID – EPA Office of Atmospheric Program’s Emissions & Generation Resources 
Integrated Database which combines emissions, source, and generation information from 
several federal agencies into one nationwide, power plant database. 

• “Clean Air” or ETS/CEMS Database – EPA’s Clean Air Act Acid Rain database, referred 
to as Emissions Tracking System/Continuous Emissions Monitoring (ETS/CEMS) 
database, which includes limited CO2 emissions information on power plants nationwide. 

•  “Benchmarking Air Emissions of the 100 Largest Electric Generation Owners in the 
U.S.-2000" - has been developed by CERES using EIA and EPA sources of data. 

eGRID 

EPA’s eGRID10 is a comprehensive database with information on electrical power plants in 
the United States available under EPA’s Clean Energy program.  It integrates information 
from 24 federal databases and three federal agencies including EPA, EIA and the Federal 
Energy Regulatory Commission (FERC).  The emissions data in eGRID are obtained from 
EPA, while the generation data are obtained from EIA.  A range of EPA databases are used 
as sources of emissions information from this database including National Emissions 
Inventory (NEI), Emissions Tracking System/Continuous Emissions Monitoring System 
(ETS/CEMS), the Mercury Information Collection Effort (Hg ICE), and Integrated Modeling 
Database (IMDB); however the primary sources of information in eGRID are the ETS/CEMS 
and EIA databases.  Most of the fuel-related information (fuel type, characteristics, annual 
usage rates, etc.) is obtained from EIA.  ETS/CEMS substantiates the information on 
emissions and operational hours. 

ETS/CEMS Database 

The overall focus of the Clean Air Act Acid Rain program is to reduce emissions of SOx and 
NOx, precursors to acid rain.  Under the Acid Rain Program, affected facilities are required to 
install continuous emissions monitors (CEMS) to monitor CO2, NOx and SOx emissions.  The 
CEMS data are managed in EPA’s Emissions Tracking System (ETS).11  The program 
requires facilities to report information in a unit-by-unit basis hourly, quarterly and annually.  

The database reports data on a quarterly basis starting in the fourth quarter for the year 1995. 

                                            
10 US EPA Emissions & Generation Resource Integrated Database eGRID 
http://www.epa.gov/cleanenergy/eGRID/index.htm 
11 US EPA Clean Air Markets Progress and Results, Emissions Data and Compliance Reports 
http://www.epa.gov/airmarkets/emissions/index.html - reports 
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Benchmarking Air Emissions of the Owners of the 100 Largest Electric Generation 
Owners in the U.S. – 2000 

This document12 was published in March 2002 by three environmental advocacy 
organizations: Natural Resources Defense Council (NRDC), Council for Environmentally 
Responsible Economies (CERES) and the Public Service Enterprise Group (PSEG).  It is 
notable that an entire appendix (Appendix C – Data Quality) was devoted to the problems 
and inconsistencies identified in the data.  Because of these problems, a number of 
adjustments to the data were made, and this appendix documents those adjustments. 

3.2 CO2 EMISSION FACTORS AND HEATING VALUES FOR FUELS 
The data from the EIA-906 database consisted of generation and fuel consumed for each 
plant.  To determine the amount of CO2 produced, it is necessary to use a factor for the 
amount of CO2 produced by per unit mass of the fuel (commonly referred to as an emission 
factor).  Instead of using existing published CO2 emission factors, we developed emission 
factors based on assumptions regarding fuels that would likely be burned by power plants in 
Maryland.  The emission factors that we calculated are based on the amount of carbon in the 
fuel (on a mass percentage basis) and its heating value (usually in BTU/lb).  The heating 
value of the fuel is also necessary for determination of plant efficiency, which we also 
calculated. 

There are two kinds of heating values used in the electric utility industry, Higher Heating 
Value (HHV) and Lower Heating Value (LHV).  The LHV is a more realistic measure of the 
heating value in fuel because it does not include heat that is carried away in the combustion 
process by the water vapor produced in combustion.  Nonetheless, the EIA data uses HHV 
and so HHV was used in our calculations for the sake of consistency. 

The basis for our emission factors is the chemical equation for combustion of carbon to CO2 
and data from B&W’s Steam.  The molecular weight of carbon is 12.011 and the molecular 
weight of CO2 is 44.098, and thus, for every pound of carbon burned, 3.664 pounds of CO2 
are produced. 

In addition to information on carbon content, calculation of the amount of CO2 produced also 
requires information on how much of the carbon in the fuel is actually burned.  There is a 
small fraction of the carbon that is not burned because of the practical difficulty of mixing 
fuel and air.  A parameter called Loss on Ignition (LOI) is used to describe the unburned 
carbon in the fuel.  The LOI depends on the fuel being burned and the condition of the fuel 
burning equipment.  LOI may be thought of as an indication of combustion efficiency 
because it is a measure of the carbon in the fuel that is not burned.  Ideally, 100% of the fuel 
would be burned and the LOI in such an ideal case would be 0%.  In practice, the LOI has a 
“non-zero” value.  LOI is highest for plants that burn solid fuels (coal, coke, municipal solid 
waste and wood), followed by plants burning liquid fuels, and the lowest for plants burning 

                                            
12 Benchmarking Air Emissions of the 100 Largest Electric Generation Owners in the U.S.—2000 by Natural 
Resources Defense Council, Public Service Enterprise Group and the Corporate Climate Accountability Project 
of the Coalition for Environmentally Responsible Economies 
http://www.pseg.com/environment/pdf/entire_report.pdf 
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gaseous fuels.  LOI is determined by a laboratory analysis of the ash (fly ash, and for boilers 
firing solid fuels like coal, bottom ash). 

The amount of CO2 produced by any specific facility and its efficiency depend on the actual 
values of carbon in the fuel burned, LOI, and heating value.  These actual values can vary 
significantly.  For instance, coal from Wyoming (Spring Creek sub-bituminous) has 70.3% 
carbon by weight with a heating value of 9,190 BTU/lb while coal from Ohio and 
Pennsylvania (Pittsburgh #8 HV Bituminous) has 74.0% carbon by weight and a heating 
value of 12,540 BTU/lb.  LOI depends both on the fuel being burned and the condition of the 
fuel burning equipment.  In coal-fired boilers, LOI typically varies from 5% to 15%. 

We developed emission factors based on data from B&W Steam13 for fuel that is relatively 
close to Maryland and could thus be expected to be burned in Maryland power plants.  We 
also assumed conservative (low) LOI values based on our experience.  For example, for coal 
we developed the emission factor based on three coal types that are relatively near Maryland 
with an assumed LOI of 5% (Table 1). 

 

Table 1 - Calculation of Coal Emission Factors 
Coal % Carbon HHV 

Pittsburg #8 74.00% 12,540 
Illinois #6 69.00% 10,300 

Upper Freeport, PA 74.90% 12,970 
Average 72.63% 11,937 

   
Assumed LOI 5.00%  
lb CO2/lb Coal 2.53  

ton CO2/ton Coal 2.53  
   

BTU/ton coal 23873333.33  
 Calculated EIA 

Emission Coefficient lb 
CO2/MBTU 211.80 205.3 

 

Table 2 summarizes the emission factors developed for this project and, for comparison, lists 
EIA emission factors for CO2 from burning fossil fuels.14   

                                            
13 Steam Its Generation and Use 40th Edition, Babcock & Wilcox, Table 6, pg 8-9 
14 EIA-1605 Fuel and Energy Source Codes and Greenhouse Gas Emission Coefficients 
http://www.eia.doe.gov/oiaf/1605/coefficients.html 



 

 8 PPRP-0002598 – 8/18/05 

 

 
Table 2 – Summary of Emission Factors:  

Project-specific and From EIA 

 
Emission Coefficient 

CO2 lb/MBTU 
Fuel Calculated EIA 

Bituminous Coal 211.80 205.30 
#2 Fuel Oil 162.45 161.39 
#6 Fuel Oil 176.98 173.91 
Natural Gas 117.30 117.08 
Wood 205.64 221.94 
Municipal Solid Waste 190.42 199.85 
Petroleum Coke 190.30 225.13 

 

3.3 CALCULATION OF CO2 EMISSIONS AND HEAT RATES FOR MARYLAND PLANTS 
 

As described earlier, the EIA-906 databases summarize the net generation and fuel consumed 
for each plant.  Where more than one fuel is used for a type of source, the amount of each 
fuel and the net generation attributed to burning that fuel for that type of source is provided 
on a monthly basis. 

The monthly data was summed to obtain annual values.  Table 3 shows the 2002 data for 
Constellation’s CP Crane plant as an example.  This plant has two Rankine cycle units (prime 
mover is a steam turbine with bituminous coal-fired boilers that use #2 fuel oil and natural 
gas for ignition fuel at startup).  The plant also has one gas turbine that burns #2 fuel oil.  The 
net generation is shown together with the amount of fuel consumed (units are 42 gallon 
barrels for #2 fuel oil, MSCF (1 MSCF = 1000 standard cubic feet) for natural gas, and short 
tons for coal). 

Once these data were complied, the CO2 emission factors and HHV were used to estimate 
heat rates and CO2 emissions for each plant.  Table 4 is an example of this calculation for the 
CP Crane plant.  Appendix C provides the tabulated results for 2000, 2001 and 2002 for all 
the plants in the project inventory. 

 

Table 3 – Typical Data from EIA-906 Database 

 Prime Mover Fuel Type 
Net Generation 

(MWH) 
Fuel 

Consumed 
C P Crane Gas Turbine #2 fuel oil 1,473 4,138 bbl 
C P Crane Steam Turbine Bituminous coal 2,125,202 847,248 tons 
C P Crane Steam Turbine #2 fuel oil 3,709 5,532 bbl 
C P Crane Steam Turbine Natural Gas 1,830 17,646 MSCF 
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Table 4 – Example of CO2 and Heat Rate Calculation 

 
Prime 
Mover Fuel Type 

Net Generation 
(MWH) 

Fuel 
Consumed

Heat Input 
(BTU) 

Heat Rate 
(BTU/kWH) 

CO2 
Emissions 

(tons) 

C P Crane 
Gas 

Turbine #2 fuel oil 1,473 4,138 bbl  2.4114E+10  1959 

C P Crane 
Steam 

Turbine 
Bituminous 

coal 2,125,202 847,248 tons 2.0227E+13  2142030 

C P Crane 
Steam 

Turbine #2 fuel oil 3,709 5,532 bbl 3.2238E+10  2618 

C P Crane 
Steam 

Turbine 
Natural 

Gas 1,830 
17,646 
MSCF 1.8875E+10  1107 

Totals 2,132,214  2.0302E+13 9,521 2147714 
 

A review of the EIA-906 data showed a number of problems.  Adjustments were made where 
these problems were identified in order to prevent the overall results from being adversely 
affected.  Additionally, it appears that there are some gaps in the data since some plants are 
no longer reported.  The following adjustments were made to the data: 

1) There are no Maryland plants reported in the EIA-906 utility database and the summary 
of generation and consumption for the State is zero for 2002. 

2) The only Maryland plant reported in the EIA-906 utility database for 2001 is Vienna and 
only through June 2001.  Accordingly, in our calculations the utility and non-utility 
generation and consumption for Vienna only were added. 

The results of our calculations are shown in Figure 3 (and Appendix C).  In 2000, there was a 
change in the description of ownership that resulted in the plants changing classification from 
“utility” plants to “non-utility” plants.  Therefore, the contribution to total generation for 
utilities and non-utilities is less reliable.  The results for 2000 are cumulative of utility and 
non-utility databases for those plants that changed ownerships.  

In an effort to validate our calculations, a comparison was made with other available data, 
including EPA’s Scorecard15 that is published to track emissions of various pollutants, 
including CO2.  The emissions scorecard covers power plants that are subject to the Clean 
Air Act Title IV Acid Rain Program.  Table 5 presents a comparison of our calculations for 
heat input and CO2 emission values with the EPA scorecard.  Our calculations are 
approximately 6 % and 9 % less than EPA reported values for CO2 emissions and heat input 
values, respectively.   

As mentioned, the EPA scorecard covers units subject to the Acid Rain program.  When all 
Maryland plants listed in the EIA-906 database are considered, our calculated CO2 emissions 
and heat input are closer to the EPA scorecard figures.  This suggests that it would be 
desirable to develop an independent means of calculating CO2 emissions, since the EIA data 
is not complete. 

                                            
15 US EPA, Clean Air Markets - Progress and Results, Emissions Scorecard 2001, Table B2: Plant-by-plant 
Summary Data Organized by State  http://www.epa.gov/airmarkt/emissions/score01/score01b2.pdf 
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Figure 3 - Maryland Electric Generation and CO2 Production 

 
In another effort to validate our calculations, the EIA reduced data that is presented in 1990-
2002 U.S. Electric Power Industry Estimated Emissions by State was examined.  The data 
from this spreadsheet for Maryland are shown in the plot in Figure 4.  Table 6 shows a 
comparison of data for 2000, 2001 and 2002 from this EIA spreadsheet and our calculations.  
This table shows that the calculated results are consistently lower than the EIA results.  One 
reason for this discrepancy is the fact that the calculated results do not take into account self 
generating units and units burning refuse derived fuel; however, since these units account for 
only about 3% of the total generation in Maryland, it is not likely that this factor accounts for 
the entire difference. 
 

Table 5 – EPA Scorecard vs. Calculated Result Comparison 

Plant Name EPA 2001 
CO2 (tons) 

EPA 2001 Heat 
Input (mmBTU) 

Calculated 2001 
CO2 (tons) 

Calculated Heat 
Input (mmBTU) 

Brandon Shores 9,260,989 90,263,027 8,932,230 84,400,303 
C P Crane 2,527,698 24,636,525 2,141,286 20,236,189 
Chalk Point 5,196,515 59,130,681 4,487,740 48,562,252 
Dickerson 3,144,971 31,081,275 3,727,676 35,713,883 
Easton 2 0 0 0 0 
Gould Street 204,519 2,442,558 186,361 2,202,103 
Herbert A Wagner 3,334,405 33,836,817 3,407,024 33,764,790 
Morgantown 7,042,889 68,721,257 5,826,173 55,211,985 
Panda Brandywine 102,476 4,426,385 273,431 4,662,142 
Perryman 147,785 1,965,632 266,493 3,695,995 
R P Smith 608,321 5,929,047 656,540 6,208,116 
Riverside 35,258 593,265 58,184 910,109 
Vienna 193,554 2,391,328 81,911 928,027 
Westport 0 0 7,521 128,242 
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Table 5 – EPA Scorecard vs. Calculated Result Comparison 

Plant Name EPA 2001 
CO2 (tons) 

EPA 2001 Heat 
Input (mmBTU) 

Calculated 2001 
CO2 (tons) 

Calculated Heat 
Input (mmBTU) 

Totals 31,799,380 325,417,797 30,052,571 296,624,136 
Difference %     -5.49% -8.85% 
      Calculated Total all plants  
      31,798,432 308,608,478 

 

Maryland Historical CO2 Emissions from Electric 
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Figure 4 - EIA Estimate of Historical CO2 Emissions from Electric Power Generation in 
Maryland16 

 

Table 6 - Comparison of Calculated 
and EIA CO2 Data (Millions of Tons)

Year EIA Calculated 
% 

difference
2000 36.35 31.43 -13.5% 
2001 33.36 31.80 -4.7% 
2002 34.31 31.82 -7.3% 

 

Finally, in another effort to validate the results of our calculations, a comparison of results in 
eGRID and our calculated results was completed.  eGRID 2000 (Version 2.0 dated 
September 2001) has data for years 1996 to 1998.  A comparison of data from eGRID17 was 

                                            
16 Compiled from U.S. DOE, (EIA) 1990-2002 U.S. Electric Power Industry Estimated Emissions by State 
Sources: EIA-767, EIA-759, EIA-867, EIA-860B, EIA-906, FERC-423 Maryland data only  
17 eGRID 2000 Version 2.0 September 2001 
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made with the results calculated using EIA 906 data for 199718 and the methodology 
described in this section.  CO2 emissions, heat input and heat rate are summarized in Table 7; 
the detailed calculations are presented in Appendix B to this document.   

The data for total generation is exactly the same for eGRID and our calculations for every 
plant.  There are, however, significant differences in the other parameters, as shown in  
Table 7.   

 
Table 7 – Comparison of EIA 906 and Calculated Data with eGRID Data for 1997 

Heat Rate (BTU/kWH) CO2 (tons) Total Gen. (MWH) Owner Plant 
Calc eGRID Calc eGRID Calc eGRID 

Brandon 
Shores 9,607 11,224 8,624,584 9,769,550 8,483,335 8,483,335 
C. P. Crane 9,020 11,871 1,856,995 2,369,969 1,946,070 1,946,070 
Gould Street 11,932 12,723 84,034 85,206 89,115 89,115 
H.A. Wagner 9,353 11,040 3,242,530 3,726,365 3,396,569 3,396,569 
Notch Cliff 18,917 18,420 15,196 14,291 13,697 13,697 
Perryman 12,487 19,182 84,212 155,061 105,778 105,778 
Philadelphia 
Road 16,687 16,706 4,596 4,710 3,391 3,391 
Riverside 12,391 14,502 17,250 20,055 22,848 22,848 

Constellation 

Westport 19,653 19,137 11,798 11,096 10,236 10,236 
Conectiv Vienna 12,255 15,377 217,640 250,053 200,858 200,858 
Potomac 
Edison Co. R.P. Smith 11,472 11,993 311,531 315,917 256,741 256,741 

Chalk Point 9,872 12,201 4,551,321 5,378,677 4,817,679 4,817,679 
Dickerson 8,930 11,118 3,166,917 3,771,068 3,433,522 3,433,522 

Mirant Mid-
Atlantic 

Morgantown 8,779 10,254 6,416,450 7,273,860 6,941,551 6,941,551 
 

3.4 THE FRACTION OF CO2 ATTRIBUTABLE TO POWER PLANTS 
The percentage of CO2 from electric power generation as a fraction of the total CO2 emitted 
in Maryland is about 49% to 42%, as illustrated in Table 8.  In this table, the Total CO2 was 
calculated from data from Carbon Dioxide Information Analysis Center,19 which is part of 
ORNL.  That data does not cover 2002 and so it was estimated as being 0.8% greater than the 
2001 CO2 emissions based on EPA Emissions of Greenhouse Gases in the United States 
2002 which estimates that nationally CO2 emissions increased by 0.8% from 2001 to 2002.20 

 

 

                                            
18 DOE EIA, Form EIA-906 Database Monthly Utility Power Plant Database, file name f7591997.dbf 
http://www.eia.doe.gov/cneaf/electricity/page/eia906u.html 
19 U.S.A. carbon emissions by state (including the District of Columbia) for 1960-2001 
http://cdiac.esd.ornl.gov/ftp/trends/emis_mon/stateemis/percapbystate.csv 
20 U.S. EPA, Emissions of Greenhouse Gases in the United States 2002 (DOE/EIA-0573(2002)), page 33 
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Table 8 – CO2 from Electric Production in Maryland as a 
Percentage of Total CO2 

CO2 (Million tons) Year 

Total 
Electrical 

Generation Units 

Percentage from 
Electrical 

Generation Unit 
2000 84.71 36.35 42.9% 
2001 84.72 33.36 39.4% 
2002 85.40 34.31 40.2% 

3.5 FUTURE CO2 EMISSIONS 
One source of CO2 emissions estimates for the future is EIA’s Annual Energy Outlook 
(AEO).  The AEO 200421 has projections through the year 2025.  It is anticipated that CO2 
emissions will increase by 1.5% per year through 2025.  The impact of such an increase is 
illustrated in Figure 5 where there are two curves, one assuming the EIA-calculated 2002 
CO2 and the other using our calculated CO2 for 2002.  This estimate makes a number of 
assumptions.  One of those assumptions is that while the CO2 emissions will increase as 
described above, for power generation, the amount of CO2 per kWH will fall, principally as a 
result of a replacement of coal-fired generation with natural gas-fired generation. 

Total Maryland CO2 Projections to 2025
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Figure 5 - Growth in Maryland CO2 Emissions from Power Generation 

 

 

                                            
21  Annual Energy Outlook 2004 with Projections to 2025, pg 8 
http://www.eia.doe.gov/oiaf/archive/aeo04/index.html 
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As a corollary, AEO 2004 states that “Coal is projected to account for 55 percent of the 
power industry’s electricity generation in 2025 and 84 percent of electricity-related carbon 
dioxide emissions (Figure 116).  In 2025, natural gas is projected to account for 20 percent of 
electricity generation but only 14 percent of electricity-related carbon dioxide emissions.”22  

 

4 OPPORTUNITIES FOR CO2 REDUCTIONS 
An important task of this project is to determine the potential for reductions in CO2 emissions 
from generation of electricity.  Two potential opportunities for actions that would reduce CO2 
were reviewed: efficiency improvements and switching generation to gas-fired, combined 
cycle units. 

4.1 EFFICIENCY IMPROVEMENTS 
There is a one-to-one relationship between CO2 emissions and plant efficiency; a 1% 
increase in efficiency results in a 1% decrease in CO2 emissions.  As reported in a separate 
study (PPRP, 2004), there are a number of potential activities power plant operators could 
pursue that would result in improvements in power plant efficiencies of up to 1%.  Those 
activities would be based on the development and implementation of an effective program 
for plant efficiency monitoring and improvement.  Table 9 illustrates the CO2 reductions (in 
tons) that would have been achieved for Maryland power plants with a 1% increase in power 
plant efficiency for 2000 to 2002.  The detailed calculations are presented in Appendix C of 
this document. 

Table 9 - Reduction in CO2 from 1% increase in 
Power Plant Efficiency 

Year 
CO2 reduction 

Tons x 106 
CO2 reduction based 

on total CO2 
2000 0.32 0.38% 
2001 0.32 0.39% 
2002 0.34 0.41% 

 

4.2 SWITCHING TO GAS-FIRED COMBINED CYCLE UNITS 
A second action that might be taken to reduce CO2 emissions involves fuel switching, 
accompanied by the replacement of older plants with combined cycle plants.  For this case, 
we calculated (using the same EIA data used to estimate historical CO2 emissions) the impact 
on CO2 emissions of assuming that all of the Maryland fossil power plant generation 
capacity, other than combined cycle and plants burning alternative fuels such as wood and 
municipal solid waste, were replaced with gas-fired combined cycle plants. 

In this calculation, we summed the generation (in MWH) of the plants that would be 
replaced.  We then calculated the amount of CO2 that would have been generated if that same 

                                            
22 Annual Energy Outlook 2004 with Projections to 2025, pg 103 
http://www.eia.doe.gov/oiaf/archive/aeo04/index.html 
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generation had been produced by the more efficient gas-fired combined cycle plant, using our 
calculated emission coefficient for natural gas (Table 10). 

For the purposes of this evaluation, a thermal efficiency of 52% for the combined cycle 
plants was assumed because that efficiency is typical of new combined cycle plants placed in 
service in the last few years.  It should be noted that combined cycle plants with efficiencies 
of up to 60% have been placed in service. 

 

Table 10 – Reduction in CO2 from Switching from Old Generation to 
52% Efficient, Gas-Fired, Combined Cycle Generation 

Year 
CO2 reduction 
Million Tons  

CO2 reduction% from 
electric production 

CO2 reduction based 
on total CO2  

2000 18.90 59% 23% 
2001 19.76 61% 24% 
2002 19.49 58% 24% 

 

An estimation of power generation by fuel type is useful in evaluation of options for 
reduction in CO2 emissions by switching fuel types.  The total generation by fuel type is 
calculated using the data from EIA-906 and is summarized in Table 11 and displayed in 
Figure 6.  The detailed calculations are included in Appendix C of this document.  It can be 
seen from Figure 6 that approximately 60 to 70% of the total generation in Maryland results 
from coal combustion.   
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Figure 6 - Maryland Generation by Fuel Type 
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Table 11 - Maryland 
Generation by Fuel Type 

 Year 2001 2002 
Coal 57.8% 70.0% 
Nuclear 26.3% 10.9% 
Nat Gas 5.4% 7.4% 
Oil 5.7% 6.1% 
Hydro 2.5% 3.5% 
Alternative 2.3% 2.1% 

 

This mix of fossil fuel generation does not favor minimization of CO2 since coal produces 
more CO2 per kWH than other fossil fired generation.  However, the fuel mix does have the 
advantage of keeping Maryland’s retail electricity price down. 

5 COMBINED HEATING AND POWER, DISTRIBUTED GENERATION AND 
ALTERNATIVE TECHNOLOGIES 

The conventional source of electric power is large central power plants, most of which are 
conventional fossil-fueled Rankine cycle plants and some of which are newer combined 
cycle plants, which are dedicated to electric energy production.  Hydro and nuclear plants 
represent significant contributions to electric power in Maryland but are a relatively small 
fraction of the whole.  All of these large central power plants are connected to one another 
and the consumers by a complex electric transmission and distribution system. 

There are alternatives to this model that can have a significant impact on production of CO2.  
In some cases, there are alternative technologies that can be applied to the large central 
power plant.  In other cases, new technologies can be applied in a combination of combined 
heating and power (CHP) and distributed generation (DG), both of which decrease the 
reliance on the traditional model of large central power plants with a transmission and 
distribution system. 

One of the principal obstacles to the use of these alternative technologies is cost.  EIA 
estimates for the cost of new fossil fueled power plants range from $394/kW capacity for 
conventional simple-cycle gas turbine to $516/kW capacity for conventional natural-gas-
powered combined-cycle technology to $1,091/kW capacity for coal-steam technology 
(“Energy Information Administration/Assumptions to the Annual Energy Outlook 2004”).23  
Table 12 illustrates the estimated cost of common alternative technologies according to the 
California Energy Commission. 

 

                                            
23 Assumptions for the Annual Energy Outlook 2004 with Projections to 2025 
http://www.eia.doe.gov/oiaf/aeo/assumption/pdf/0554(2004).pdf, Table 38, pg 71 
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Table 12 - Alternative Technology Costs24 

Capital Cost ($/kW) 
Microturbine 950-1,700 
Combustion Turbine 550-1,700 
Diesel Engine 350-800 
Natural Gas  Engine 450-1,100 
Stirling Engine 2,000-50,000 
Fuel Cell 5,500+ 
Photovoltaic 4,500-6,000 
Wind Turbine 800-3,500 

 

This section describes those alternatives with emphasis on the possible impact on the 
production of CO2 for electric power generation. 

5.1 COMBINED HEAT AND POWER 
CHP generally refers to the use of fossil fuels to generate electric and heat energy using an 
integrated process.  Since a large portion of the heat produced in even the most efficient 
fossil power plants is wasted, CHP can result in significant increases in overall efficiency.  
Here, it is important to understand the definition of efficiency used.   

In order to understand this statement, it is necessary to understand the definitions of 
efficiency used. 

5.1.1 Efficiency Definitions 
There are four types of efficiency that must be considered in the context of CHP:  boiler 
thermal efficiency; electric efficiency (for plants that generate electricity only); separate heat 
and power efficiency (SHP); and CHP efficiency.  The equations for these four variations of 
efficiency are shown in Table 13.25 

Table 13 - Efficiency Definitions 
Efficiency Definition Formula 

EFFB - Boiler thermal 
efficiency 

FUEL

OUT
B Q

QEFF =  

EFFE - Electrical Efficiency 

FUEL

netg
E Q

P
EFF

14.3412×
= −  

EFFSHP - SHP (Separate Heat 
and Power) Efficiency 

( )
( )( ) ( )BOUTEnetg

OUTnetg
SHP EFFQEFFP

QP
EFF

+×
+×

=
−

−

14.3412
14.3412

                                            
24 California Energy Commission California Distributed Energy Resource Guide, Economics of Owning and 
Operating DER, http://www.energy.ca.gov/distgen/economics/capital.html 
25 US EPA, Introduction to Catalogue of CHP Technologies, U.S. EPA Combined Heat and Power Partnership, 
Prepared by Energy Nexus Group, Table 1, page 3 http://www.epa.gov/chp/project_resources/catalogue.htm 
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Table 13 - Efficiency Definitions 
Efficiency Definition Formula 

EFFCHP - CHP (Combined 
Heat and Power) Efficiency 

( )
FUEL

OUTnetg
CHP Q

QP
EFF

+×
= − 14.3412

 

 

Where:  QOUT = Heat delivered by the boiler (BTU/hr) 
QFUEL = Heat from combustion of fuel (BTU/hr) 
Pg-net = Net power generated (kWH) 
3412.14 = Conversion from kWH to BTU 

 

It is interesting that in the Public Utility Regulatory Policy Act of 1978 (PURPA), a different 
definition of CHP efficiency was used and is presented in Equation 1.  In this case, difference 
in the “quality” of electrical energy as compared to heat energy is accounted.  Most 
provisions of PURPA have been superseded by the Energy Policy Act of 1992, which 
encourages wholesale power competition, and changes in FERC rules that are also designed 
to facilitate wholesale power competition.  Accordingly, this definition is no longer relevant 
in most cases. 

FUEL

OUT
netg

PURPACHP Q

QP
EFF 2+

=
−

−  (Equation 1) 

It is also important to note that in the United States the unit used to measure efficiency of 
power plants is heat rate (BTU/kWH).  Given the conversion factor of 3412.14 BTU/kWH, 
heat rate can be related to electrical efficiency as shown in Equation 2 below: 

)/(
14.3412

kWHBTURateHeat
EFFE =  (Equation 2) 

Using the current EPA definition of efficiency, EPA estimates that for a common user of 
energy using separate heat and power, the SHP efficiency is around 49%.  For many CHP 
applications the CHP efficiency is over 75%.  This increase in overall efficiency can result in 
significant reduction in CO2 production. 

5.1.2 Classifying CHP Applications 
There are two classes of CHP cycles, topping cycles and bottom cycles.  In topping cycles, 
electric energy is generated first and then the waste heat is used in another process or 
processes.  The other processes may be heating, cooling (through the use of absorption 
chillers) and drying to mention a few. 

The most common example of the topping cycle is the gas turbine combined cycle plant.  
These plants are commonly referred to as combined cycle plants rather than topping cycles.  
In the combined cycle plant, the first step in the process is burning of fossil fuel to produce 
power in a gas turbine and then the heat in the gas turbine exhaust (which is at a temperature 
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of about 900°F to 1200°F) in a Rankine cycle to generate more electric energy.  Heat energy 
may be exported from the Rankine cycle for other processes such as building heating.  Other 
variations of topping cycles include: 

• Steam turbine topping systems – Steam is generated at high pressure by burning a fossil 
fuel.  A steam turbine is used to reduce the pressure of the steam to values suitable for 
processes in a plant while driving a generator to produce electrical energy.  The steam 
turbine may be a simple back-pressure turbine (exhausts at a relatively high pressure 
rather than the low pressure created by a condenser), or it may be an extraction turbine.  
Extraction turbines are multistage turbines from which steam is extracted or bled from 
between stages.  It is common for steam at two or three pressures to be supplied from a 
back-pressure, extracting turbine.  Steam turbine topping systems are most often used in 
process plants like refineries, paper mills and steel plants. 

• Internal combustion systems – large internal combustion engines (usually diesel engines) 
require cooling using a water jacket and the exhaust gas has considerable heat.  The heat 
rejected to the water jacket cooling water and exhaust gas can be used to generate process 
steam and/or hot water for space heating. 

• Gas turbine topping – The heat in the gas turbine exhaust gas is used in a process other 
than power generation such as a Heat Recovery Steam Generator (HRSG) that generates 
steam for space heating. 

The second type of CHP cycle is the bottoming cycle in which the heat energy is used in 
some process first, and then the “waste” heat is used to generate electricity.  Bottoming cycle 
applications are less common, and are usually associated with high-temperature industrial 
processes.  These plants exist in heavy industries such as glass or metals manufacturing 
where very high temperature furnaces are used.  While the power output is useful, the 
efficiency of bottoming cycles is typically low, in part because the heat energy to bottoming 
cycles is at a relatively low temperature.  Nonetheless there are technologies that can make 
use of this “low quality” heat energy to improve overall efficiency like the Kalina cycle, 
described in Section 5.4.2 and the Stirling Engine described in Section 5.4.3. 

The term “district energy” is often used in conjunction with CHP.  District energy generally 
refers to systems that supply heating steam and/or chilled water to a group of buildings or 
community.  Examples of district energy systems in Maryland include those at the University 
of Maryland at College Park, NASA’s Goddard Spaceflight Center in Greenbelt, the National 
Institute of Health (NIH) in Bethesda and the City of Baltimore system (serves about 350 
commercial customers) operated by Trigen.  Some district energy systems use CHP 
processes and several of those in Maryland are or are being converted to CHP systems.  At 
University of Maryland and NIH, gas-turbine based combined cycle plants are being built to 
generate power as well as heating steam. 

Another term often use in conjunction with CHP is Thermally Activated Technologies 
(TAT).  This term refers to air conditioning and refrigeration technologies that do not require 
power from the transmission and distribution system that are placed in service during periods 
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of hot weather when the electrical demand for conventional cooling equipment is high.  TAT 
is being promoted by the DOE Office of Distributed Energy Resources (DER).26 

While TAT may not be economical during normal periods, TAT can reduce the peak 
electrical demand and thus keep the price of electrical energy down by avoiding the need to 
operate high cost generating units.  The principal technologies considered as TAT are 
absorption chillers and desiccant dehumidifiers (discussed in detail in Sections 5.4.6 and 
5.4.7).  Absorption chillers and desiccant dehumidifiers require a source of heat to operate 
and that source of heat can be either a microturbine or high temperature fuel cell (discussed 
in detail in Sections 5.4.1 and 5.4.4). 

5.2 DISTRIBUTED GENERATION (DG) 
An issue that is closely related to CHP is DG.  In the aftermath of the power blackout around 
Lake Ontario and the Northeastern United States in the August 2003, the issue of DG has 
received renewed attention.  The term DG refers to generation of electric power “on-site” 
where it is used.  The site where the power is used may be a single family home, an office 
building, or a facility such as a manufacturing plant or process plant.  The advantage of 
distributed generation in the context of the power blackout that occurred in the August 2003 
is the fact that no complex electrical transmission and distribution system is required. 

Distributed generation has other advantages and disadvantages, which include: 

• Advantages 

► Eliminates transmission losses that can be on the order of 4-5% of the net generation 
of a power generation plant. 

► Well suited to CHP applications since many generation processes have waste heat 
that can be used for space heating, hot water heating and air conditioning. 

• Disadvantages 

► The efficiency of most electrical power generation options is relatively low in 
comparison to central power generation facilities. 

► The best fuel for most distributed generation applications is natural gas, a fossil fuel 
for which demand has already driven prices very high.  Petroleum fuels (principally 
#2 oil/diesel fuel) are options but require delivery and storage systems that may be 
difficult to install and maintain without adverse environmental impact.  Propane is 
another option but shares the cost, delivery and storage problems of natural gas and 
petroleum.  While coal is a possible fuel for some CHP applications, burning coal 
requires much more fuel handling equipment, requires disposal of ash and is difficult 
to burn in an environmentally acceptable way. 

► Most distributed generation options have high initial cost that makes them 
unaffordable for many households. 

                                            
26 US DOE Energy Efficiency and Renewable Energy Distributed Energy Program, Thermally Activated 
Technologies Program http://www.eere.energy.gov/de/program_areas/det_thermal_tech_prgrm.shtml 
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The most common situation involving distributed generation currently seen is a hybrid 
system with small, on-site electric generators that are part of integrated CHP systems that are 
connected to the electrical transmission and distribution system.  The fuel for these systems 
is usually natural gas or Number 2 fuel oil.  The facilities that are most often equipped with 
this type of equipment are large buildings and institutions, office buildings and 
college/university campuses.  In these applications, distributed generation can have a dual 
benefit since in addition to being efficient in-and-of themselves, these applications can 
reduce demand, especially during periods of temperature extremes when building heating or 
cooling demand is high. 

Distributed generation by itself would not result in reduction in the production of CO2 from 
electric power generation.  This is true because the efficiencies of small prime movers such 
as microturbines and reciprocating engines that are used in distributed generation are less 
than that of large central power plants.  To illustrate, microturbine efficiency ranges from 
26% to 30% while modern industrial gas turbine (used in central power plants) efficiency 
ranges from 35% to 41%, and typical combined cycle plant efficiency is more than 50%.   

Distributed generation offers the possibility of reducing CO2 emissions when used in 
conjunction with CHP.  CHP applications typically have overall efficiencies of more than 
70%.  Further, CHP can reduce electrical system demand.  Reducing system demand reduces 
the cost of power. 

The federal government established the Office of Distributed Energy Resources (DER) in 
March 2000 to help promote distributed generation.  The mission of the Office of DER is to 
support the Federal Government’s National Energy Policy in Transmission, Combined Heat 
and Power and Alternative Energy.  The Office of DER has many projects, some of which 
include the following in the State of Maryland:27 

• CHP Educational Campaign to Member Stakeholders - An educational campaign to tailor 
and disseminate CHP message to end-use sectors with High Potential for CHP 
Utilization.  Primary focus area: industrial sector.  Primary audience: member 
stakeholders.  - D&R International (MD) and U.S. Combined Heat and Power 
Association (USCHPA) DC. 

• CHP Roadmap: Energetics - CHP Annual Roadmap Meeting: Work with advisory 
committee to plan and implement technical program for the annual roadmap meeting.  
Synthesize technical discussions into a comprehensive report.  

► CHP Working Group Meetings: Prepare technical overview of pertinent points 
discussed at the CHP Working Group Meetings. 

► CHP Exhibit: Prepare technical materials for use in a CHP exhibit. 

► Energetics MD and Oak Ridge National Laboratory (ORNL), TN. 

• CHP Technical Materials for Target National Accounts Market Sectors – Develop market 
segment reports for small CHP in hotels/motels, supermarkets, restaurants and health 

                                            
27 US DOE Distributed Energy and Electricity Reliability, DEER Research & Development Portfolio, Maryland  
http://www.bcs-hq.com/der/pics/states/details.asp?state=MD  
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care.  Prepare technical materials to be used for trade shows.  Prepare presentation 
materials to be used at workshops at trade shows.  D&R International MD, Exergy 
Partners VA, and ORNL. 

• Mid-Atlantic CHP Regional Application Center - The Mid-Atlantic Regional Combined 
Heat and Power Application Center will promote CHP technology and practices in 
Maryland, Delaware, Pennsylvania, New Jersey, Virginia, West Virginia and Washington 
D.C.  The Center will serve as the central repository and clearinghouse of CHP 
information particular to the region.  It also will identify and help implement regional 
CHP projects.  During its first year, the Center will collect data, develop State baselines, 
and set up a CHP coalition.  With the CHP coalition, the Center plans to provide 
momentum for legislative and commercial changes that accelerate the adoption of CHP 
technology and practices throughout the region.  Maryland MDE, University of Maryland 
MD and U.S. Department of Energy - Regional Office PA. 

• Packaged/Modular Integrated Energy System #5 - Ingersoll-Rand - Microturbine - Phase 
I - Combine a new 70 kW IR microturbine with an ammonia-water absorption 
refrigeration system.  The absorption system will be used for cooling the turbines inlet air 
and also for producing refrigeration for building space conditioning and for refrigerator 
freezing applications.  Ingersoll-Rand, NH, Advanced Mechanical Technology, Inc. 
(AMTI), MA, Energy Concepts Co. LLC, MD, and ORNL. 

• Thermal Barrier Coatings (TBC) for High Temperature Turbine Components - 
Development of innovative thermal barrier coatings that protect expensive metal parts 
from the intense high-temperature gas turbine environment.  The TBCs will 
accommodate higher firing temperatures in combustion turbines resulting in higher 
efficiencies as well as better emissions performance.  Siemens Westinghouse FL, Applied 
Thin Films, Inc. IL, COI Ceramics CA, Dow Chemical Company MI, Howmet Castings 
(subsidiary of Alcoa) CT, ORNL, Praxair Thermal Technologies CT, and Transtech Inc., 
MD. 

• University of Maryland Integrated DG Thermal Recovery Test Bed for Building CHP 
Applications - Building Cooling, Heating and Power (CHP) integrated systems are being 
evaluated at a test bed at the University of Maryland Chesapeake Office Building.  The 
facility serves as a platform to integrate equipment into CHP systems, test advanced 
sensors and control systems, and provide essential technical knowledge to manufacturing 
partners.  Technical direction and project evaluation is provided by Oak Ridge National 
Laboratory (ORNL) for the U.S. Department of Energy (DOE) Office of Distributed 
Energy and Electricity Reliability (DEER).  University of Maryland MD and ORNL. 

5.3 NET METERING 
An issue known as net metering (also called net billing) is important in the economic 
justification of many CHP applications.  Net metering is often described as “running the watt 
meter backwards” when there is power supplied by a customer that also uses power.  Thus, 
for residential, or more likely industrial, customers that install CHP applications that generate 
electric power, any “excess power” generated is effectively sold to the utility that normally 
supplies electric power at the same rate that the utility normally charges the customer.  There 
are some variations in net metering schemes, one of which allows the customer to “retrieve” 
excess power generated within a fixed period after it is delivered to the utility.  For most 
situations, the result is a reduction in the net billing from the utility to the customer.  For 
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CHP applications that produce electric power, the reduction in the utility power bill can help 
cost justify installation for installation of the system. 

While there are some technical issues related to electrical system reliability in operation that 
are important in net metering, the biggest issues are regulatory in nature.  In general, net 
metering requires enabling legislation by each State.  In Maryland, effective October 1, 2005 
the only customers that can take advantage of net metering are customers that have 
photovoltaic, wind power or qualified biomass energy systems.  Individual customers are 
limited to 200 kW (500 kW with petition) and there is a total limit for the State of 34.7 MW 
(0.2% of the peak electrical load forecast in Maryland in 1998).28 

5.4 CHP TECHNOLOGIES 

5.4.1 Microturbines 
Microturbines are small gas turbines that are commonly packaged in assemblies that are 
often described as being comparable in size to a home refrigerator.  Ratings vary from about 
25 kW to 500 kW.  Operating speeds are typically very high, ranging from 25,000 to 40,000 
rpm.  Simple cycle efficiency is typically on the order to 15% to 30%, however in CHP 
applications, efficiencies of up to 80% can be obtained.  Features that are used to classify 
microturbines include the following: 

• Single shaft or two shaft – Single shaft designs are more common because they are 
simpler to build.  They have the disadvantage of requiring an inverter to convert the 
generator output from DC or high frequency AC power to 60 Hz AC power. 

• Simple cycle or recuperated – Most current designs are recuperative, meaning that the 
exhaust gas is used to heat the incoming air, as shown in Figure 7.  Use of recuperative 
air preheating can provide 30-40 percent fuel savings. 

Common design features are: 

• Radial flow compressors rather than axial flow are common for large gas turbines 

• Low pressure ratios required because the compressor is typically only one or two stages 

• Minimal use of vane or rotor cooling for simplicity 

• Air or oil bearings 

 
The most common fuel for microturbines is natural gas.  The pressure at which gas is 
typically distributed to residential and commercial consumers (as compared to industrial 
customers) is much lower than the pressure required for the microturbine, typically on the 
order to 5 to 10 psig while the microturbine requirement is typically on the order of 75 to 125 
psig.  Accordingly, in many cases the microturbine requires a gas compressor.  Gas 
compressors are typically electric motor powered.  The auxiliary load for the compressor is 
typically on the order of 5 to 7% of the microturbine capacity. 

                                            
28 State of Maryland House Bill 1331 - http://mlis.state.md.us/2005rs/bills/hb/hb1331t.pdf 
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Figure 7 - Micro Turbine with Recuperative Air Preheating 

 

Typical applications that have been recently tested and verified by the US EPA29  include the 
following: 

• Capstone 60 kW microturbine CHP installed at a commercial supermarket – This natural 
gas-fired microturbine with recuperative air preheating was installed with a heat 
exchanger to use the heat in the exhaust gas for space heating and for a desiccant 
regeneration system used for cooling.  In verification testing, the electrical efficiency of 
the turbine varied from 19.3% to 28.4% over a load range of 25% to 100% while the total 
CHP system efficiency varied from 33.3% to 80.7%, depending on load.  The CO2 
production varies from 2.89 lb/kWH to 1.54 lb/kWH over the same load range. 

• Honeywell 75 kW microturbine installed at University of Maryland, College Park - 
Center for Environmental Energy Engineering (CEEE) – This natural gas-fired 
microturbine was installed with recuperative air preheating and in simple cycle to 
supplement to electric power requirements of a 55,000 ft2 building that consumes from 
30 to 275 kW of electricity, with a daily average of about 200 kW.  The turbine was 
tested before and after installation of a carbon monoxide (CO) control.  The turbine 
efficiency varied from 19.8% to 23.5% and CO2 production varied from 2.1 lb/kWH to 
1.77 lb/kWH over a load range of 50% to 100% before installation of the CO control.  
After the installation of the CO control, the efficiency varied from 17.9% to 21.5% and 
CO2 production 2.37 lb/kWH to 1.81 lb/kWH over the same load range.  The production 
of CO dropped from 0.0019 lb/kWH to 0.0295 lb/kWH before the addition of the control 
to less than the limits of measurement (0.0002 lb/kWH). 

Another example of a microturbine CHP application has been developed by a Maryland 
company, Energy Concepts Co., LLC.  This application is a skid-mounted system that 

                                            
29 US EPA Environmental Technology Verification Program, Verifications, Microturbines and Microturbine 
Combined Heat and Power http://www.epa.gov/etv/verifications/vcenter3-3.html 
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combines a 70 kW microturbine combined with an absorption chiller that provides air inlet 
cooling for the microturbine (increases output and efficiency) and refrigeration.  The 
prototype has been installed in supermarket in New Hampshire.30  

DOE has Advanced Microturbine Systems program in place (2000-2006).31  For the purpose 
of this program, DOE has defined a microturbine as “flange-to-flange microturbine core, up 
to 1000 kW at ISO conditions.”  The goals of the program are: 

• Electrical efficiency of at least 40% 

• NOx < 7 ppm using natural gas 

• Maintenance 

• 11,000 hours between major overhauls  

• At least 45,000 hours service life 

• System costs < $500/kW, costs of electricity that are competitive with the alternatives 
(including grid) for market applications  

• Fuel Flexibility — Options for using multiple fuels including diesel, ethanol, landfill gas, 
and bio-fuels 

Participants in the program are: 

• Capstone  

• General Electric 

• Ingersoll-Rand  

• Solar Turbines  

• University of California at Irvine Technology Center (funded by a number of sources 
including EPRI and Southern California Edison) 

5.4.2 Kalina Cycle 
As described earlier, bottoming cycles are not very efficient as a rule.  An exception to this 
rule is the Kalina cycle, which was developed by Dr. Alexander Kalina.  Dr. Kalina left a 
high position in the Soviet Union in 1979 to come to the United States to develop this 
advanced thermodynamic cycle.  He formed Exergy Inc. to commercialize the technology on 
which he has a number of patents, which he marketed through his company Exergy, Inc.  
Recurrent Resources LLC, of Palo Alto, CA is the worldwide licensee and has promoted the 
Kalina cycle in geothermal applications (Hawaii, March 2003; Provo, Utah November 2002).  
Kalina cycle applications are also marketed by Siemens for “small output geothermal power 
plants.” 

                                            
30 Energy Concepts Co. LLC, Applications, Building Cooling Heating and Power (BCHP) http://www.energy-
concepts.com/bchp.html 
31  US DOE Energy Efficiency and Renewable Energy Distributed Energy Program, Advanced Microturbine 
Program http://www.eere.energy.gov/de/program_areas/det_microturbine_prgrm.shtml 
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The Kalina cycle is similar to the Rankine cycle except that it uses a mixture of two fluids, 
typically ammonia and water, instead of one.  At the turbine exhaust, the vapor (consisting of 
about 70% ammonia/30% water) enters a distillation subsystem.  This subsystem creates 
three additional mixtures.  One is a 40% ammonia/60% water mixture, which is condensed 
with normal cooling water temperatures found in Rankine cycle plants.  The water/ammonia 
condensate is pumped to a higher pressure, and is then mixed with an ammonia-rich vapor 
that is produced during the distillation process.  This recreates the 70% ammonia/30% water 
working fluid.  The pressure at which the mixing occurs is high enough to condense all of the 
ammonia vapor.  The liquid mixture is then returned to the boiler to complete the cycle. 

An advantage of the Kalina cycle, apart from its efficiency, is the fact that it can make use of 
heat energy at relatively low temperature.  This is possible because the working fluid is a 
mixture of ammonia and water.  The saturation temperature of the solution varies as a 
function of the concentration of ammonia.  This accounts for its popularity in geothermal 
applications there the source temperatures are typically relatively low.  The Kalina cycle also 
allows the geothermal fluid to remain condensed at high pressure throughout the process, so 
that it can be easily recycled down the injection well.  It also offers the possibility of being 
used in applications using waste heat from sources such as diesel generators. 

There are three examples of Kalina cycle plants that have been built and operated 
successfully.  These are: 

• Canoga Park Demonstration project 32 - This stand-alone, bottoming cycle plant was built 
at the U.S. Department of Energy’s Energy Technology & Engineering Center near 
Canoga Park, California and operated by Boeing.  It was placed in service in June 1992 
with a capacity of 3.2 MW.  In November 1996, it was upgraded to 6.5 MW capacity.  It 
was retired in 1997. 

• Sumitomo Metals33 - This waste heat application, located at Sumitomo’s Kashima Steel 
Works 62 miles east of Tokyo, has a capacity of 3.1 MW.  It was placed in service in July 
1999 and continues in operation at this writing. 

• Husavikur Power Plant, Husavik, Iceland34 – The Orkuveita Husavikur Geothermal 
Power Plant 2.0 MW geothermal application, shown in a simplified schematic in Figure 
8, was placed in service in July 2000 and has demonstrated good availability and 
reliability, but at slightly reduced output of 1.7 MW.  The principal reason for this 
discrepancy in output is the fact that the hot water from the geothermal well is 3°C 
(5.4°F) lower than design. 

                                            
32 California Energy Commission, News Release Archives, 1997 Releases, Kalina Cycle Goes Commercial; 
Energy Commission Accepts First Royalty Payment  http://www.energy.ca.gov/releases/1997_releases/97-06-
05_kalina.html 
33 Sumitomo Metal Industries, Ltd., Business, Strategies for Preserving the Environment 
http://www.sumitomometals.co.jp/e/business/strategies-for-preserving-the-environment.html 
34 Orkuveita Húsavíkur Reports and Articles, Húsavíkur geothermal power plant 
http://www.oh.is/skjol/kynningarefni/english/husavik_geothermal_power_plant.pdf and 
http://www.oh.is/skjol/kynningarefni/english/husavik_abstract_powers.pdf 
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In addition to these plants, Advanced Thermal Systems, Inc.35, a company that specializes in 
development of hydrothermal power plants, announced development of a 40-MW air-cooled 
binary geothermal system at GE Oil & Gas, at its Steamboat Geothermal Power Park, near 
Reno, Nevada.  The unit is supposed to be operational early in 2005. 

 

 

Figure 8 - Orkuveita Husavikur Geothermal Power Plant Kalina Cycle36 

                                            
35 Nevada State Office of Energy, NSOE News, Advanced Thermal Systems signs purchase agreement with 
Nevada Power, posted December 4, 2002 http://energy.state.nv.us/news/default.htm 
36 Adapted from “Electricity from Waste Heat – Distribution of Expertise,” Picture 3 by Þórhallur Bjarnason, 
April 2002 - http://www.oh.is/reports.asp?tID=7 
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Siemens, a multinational manufacturer of power generation equipment based in Germany, is 
marketing the Kalina Cycle in geothermal applications.37  Part of the impetus for efforts in 
this area is German legislation (Renewable Energy law) that is designed to encourage 
alternative technology for electric power generation.  Siemens claims that their system can 
generate approximately 4.1 MW rated output from 100 l/s (1585 gpm) of hot brine from a 
hydrothermal well at a temperature of 150°C (302°F). 

Most of the recent activity in Kalina cycles has been confined to geothermal applications and 
since there are no sources of geothermal power in Maryland, it might appear that the Kalina 
cycle would not be useful in Maryland.  The Kalina cycle can be applied to a number of CHP 
applications, where heat energy at low temperature is available, however.  This includes the 
exhaust heat from microturbines. 

5.4.3 Stirling Engine 
The Stirling engine was invented by Robert Stirling in 1816 as an alternative to the steam 
engines of the time.  Those steam engines operated at relatively high pressures and were 
regarded as dangerous because there were many boiler explosions.  The Stirling engine, as 
first developed, used air at a relatively low pressure and so Stirling engines were seen as a 
safe engine that would not explode like steam engines.  Modern Stirling engines often use 
other gases such as helium.   

The Stirling engine operates on the basic principle that heated gas expands and cooled gas 
contracts.  There are three versions of the Stirling engine, Alpha, Beta and Gamma.  A 
simplified version of a gamma-type is illustrated in Figure 9.  The gamma-type Stirling 
engine has a single piston and displacer that are connected to a flywheel such that the 
“timing” of the piston and displacer are 90 degrees out of phase.  The displacer has 
considerable clearance with the cylinder to allow air to leak from one side of the displacer 
piston to the other.  

The gamma Stirling engine cycle has four steps as illustrated in Figure 10. 

• Step A – The displacer piston is at the hot end of the cylinder and most of the air is in the 
cold end.  As the temperature of the air in the cold end of the cylinder drops, its pressure 
falls, producing a pressure differential that pulls the power piston down and pushes the 
displacer piston up. 

• Step B – The power piston moves down, compressing the air while the displacer piston 
moves up, forcing the air to flow around the displacer piston from the cold end to the hot 
end of the cylinder. 

• Step C – The air is heated in the hot end of the cylinder and the increase in pressure 
produces differential pressure that pushes the power piston up.  This is the power stroke. 

• Step D – The force from the flywheel pushes the displacer piston down, forcing the hot, 
high pressure air to the cold end of the piston to be cooled so that the cycle can repeat. 

                                            
37 Siemens, Industrial Solutions and Services, Construction of Small Output Geothermal Power Plants 
http://www.is.siemens.de/siemensindustrialservices/en/solution_services/euc-neuerrichtung/gp-geothermal.htm 
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Figure 9 - Basic Gamma-Type Stirling Engine 
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Figure 10 - Basic Gamma-Type Stirling Engine Sequence 
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The Stirling engine is a closed cycle system with no exchange of gas inside the system 
exchanged with the environment.  While Stirling engines that function over a temperature 
difference of as little as 1°F have been built to demonstrate the engine principles, greater 
temperature differences result in greater efficiency.  Because the heat source for the Stirling 
engine can be combustion outside of the system, it is sometimes referred to as an external 
combustion machine to contrast it with internal combustion engines including the four-stroke 
Otto cycle commonly used in gasoline engines and the diesel engine.  Where fossil fuel is 
burned as the heat source, external combustion generally allows greater potential for control 
of NOx.  Heat is usually removed from the cold cylinder by cooling water.  The heat 
transferred to the cooling water can be used for domestic space and water heating. 

The construction of the Stirling engine is much simpler than that of Otto cycle and diesel 
engines because it requires no valves and so a characteristic of the Stirling engine is low 
vibration.  Low vibration is a great virtue in application to submarines because of the need 
for submarines to operate with very low acoustic emissions for stealth.  There are several 
organizations/companies that have developed Stirling engines. 

• NASA Glenn Research Center in Cleveland Ohio has developed small (55 watt) Stirling 
engines powered by Radioisotopes for spacecraft.38  They also developed a larger (25 
kW) engine that used helium at about 2175 psia operating with a hot end temperature of 
about 710°F and a cold end temperature of 125°F, which achieved a thermal efficiency of 
25%.39  They have also done considerable research on the Stirling engine and developed 
computer applications for the prediction of the performance of Stirling engines. 

• Kokums AB40, a Swedish company first developed a Stirling engine that was installed as 
a technology demonstration a 1979 AMC Spirit.  Kokums has since developed Stirling 
engines that they call AIPs (Air Independent Propulsion) that have been installed in a 500 
ton French civilian research submarine, the Saga, and the Royal Swedish Navy submarine 
Näcken (installed in 1988).  The Näcken was able to remain submerged for weeks with 
the AIP as compared to days before installation of the AIP.  AIPs that use diesel burned 
with liquid oxygen (LOX) as a heat source are now installed in four of the Swedish 
Navy’s submarine fleet. 

• Kokums is associated with Stirling Energy Systems Inc.41 (SES) of Phoenix, Arizona, 
which is marketing Stirling engines for CHP and alternative energy applications in the 
United States.  SES has solar concentrator demonstration project in progress at the 
University of Nevada Las Vegas that is co-sponsored by the Department of Energy.  In 
this project, a solar concentrator that consists of an array of mirrors is used as the heat 
source for a Stirling Engine. 

                                            
38NASA Glenn Research Center, Thermo-Mechanical Systems Branch, 55W_Hardware_Facility, 
http://www.grc.nasa.gov/WWW/tmsb/stirling/doc/55TDC_operating.html 
39 NASA Glenn Research Center, Thermo-Mechanical Systems Branch, Large Free-Piston Stirling Engines, 
http://www.grc.nasa.gov/WWW/tmsb/stirling/doc/lrgfp.html 
40 Kockums AB, http://www.kockums.se/Submarines/aipstirling.html 
41 Stirling Energy Systems, Inc., http://www.stirlingenergy.com 
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• Another company that has commercialized Stirling engines is Whisper Tech42, a New 
Zealand company that has developed the WhisperGen line of Stirling engines.  The 
WhisperGen design has four piston-cylinders through which working fluid flows in series 
with the cold end of one cylinder connected to the hot end of the adjacent cylinder (called 
the Rinia Alpha type Stirling Engine).  The WhisperGen is marketed for marine (yachts) 
and residential applications.  In its residential applications, the WhisperGen is marketed 
in a CHP product that is rated at 1.2 kW at full power and is designed to use waste heat 
from the Stirling Engine for space heating and/or hot water heating.  WhisperGen sold 
400 units to PowerGen, a UK electricity and gas supplier.43  These units will be installed 
in homes as replacements for home heating boilers.  The partnership claims that total 
energy cost savings will be as much as 40%.  It has been difficult to determine the cost of 
the WhisperGen.  A marine version that is rated at 750 watts plus a 6kW heat source is 
priced at 9,960 pounds in the UK (about $18,100). 

• SOLO Kleinmotoren GmbH44 is a German company that markets two-cylinder design 
generator sets in sizes from 2 to 9.5 kW that are powered by natural gas.  They claim 
23% electrical efficiency and over 90% efficiency in CHP applications.  Solo is also 
working on a 10 kW solar concentrator version that is installed in Turkey and another 
that is installed at Sandia National Laboratory in Albuquerque.  Finally, Solo is working 
on a version of its design that burns biomass (wood pellets). 

5.4.4 Fuel Cells 
Fuel cell produces electric energy through an electrochemical process that involves a fuel 
electrode (which is an anode), an ion-conducting electrolyte, and an oxygen electrode 
(cathode).  The fuel for the fuel cell is hydrogen, which may be supplied directly in its 
elemental form as diatomic hydrogen gas, or a hydrocarbon fuel like gasoline or natural gas 
that is rich in hydrogen.  Where hydrocarbon fuels are used, a fuel reformer is required unless 
the fuel cell operates at a high enough temperature to allow direct use of hydrocarbon fuels. 

Fuel cells can be used to produce electricity, heat, and hot water with high efficiency, low 
emissions, and little noise.  When used in CHP applications, or when running on hydrogen 
produced without the use of fossil fuels, fuel cells can reduce CO2 emissions by 40 to 100 
percent compared with conventional power plants or engines. 

The typical fuel cell process can be considered to occur in the following steps: 

• Hydrogen is split into electrons and protons in the anode catalyst. 

• The electrons pass around the electrolyte to the electrical load. 

• The protons (hydrogen ions) pass through the electrolyte to combine with oxygen from 
the air at the cathode catalyst and this reaction produces water and heat. 

Fuel cells are often compared to storage batteries because storage batteries also use an 
electrochemical reaction to produce electricity.  The difference between the fuel cell and the 

                                            
42 Whisper Tech, http://www.whispergen.com/main/products/ 
 
43 Cogeneration and On-Site Power Production, September-October 2003, News, page 12 
44 SOLO STIRLING GmbH, Art of Technology, http://www.stirling-engine.de/engl/index.html 
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battery is that the battery is charged using a separate source of electric power and runs down 
in operation until it is exhausted, after which it can be recharged.  The fuel cell is supplied 
with a continuous stream of fuel and air in operation and produces heat and water in 
operation. 

Another similarity between fuel cells and batteries is the fact that a single fuel cell does not 
produce enough voltage to be useful.  Accordingly, in practical applications a number of fuel 
cells are connected in series (in an assembly called a fuel cell stack) in a manner similar to 
batteries used in power plant applications where over 60 cells are connected to produce DC 
electricity at a nominal voltage of 125 VDC. 

Practical fuel cell applications are generally packaged with all of the devices required to 
produce and delivery electricity at the required voltage and frequency.  A typical fuel cell 
system includes a fuel reformer (if required), power electronics, and controls as well as a fuel 
cell “stack.” 

There are a number of different fuel cell technologies that are in use or under development.  
An excellent resource for fuel cell information is the National Fuel Cell Research Center at 
University of California at Irvine.45  Another good resource is the US Department of Defense 
Fuel Cell Test and Evaluation Facility.46  Fuel cells are classified based on the type of 
electrolyte and materials used.  Common characteristics of fuel cells include: 

• Charge Carrier – the charge carrier is the type of ion that passes through the electrolyte in 
the fuel cell.  Different fuel cells use different charge carriers, which may be hydrogen 
ions (protons), oxygen ions or other ions. 

• Poisoning – The nominal fuel for fuel cells is hydrogen.  The hydrogen is often derived 
from hydrocarbon fuels that can have constituents that can contaminate the fuel cell and 
cause electrochemical chemical reactions that affect the performance of the fuel cell.  
This is called poisoning.  Typical contaminants include carbon monoxide (CO) and 
compounds of sulfur like hydrogen sulfide (H2S).  In general, fuel cells that use hydrogen 
directly and operate at low temperatures are more susceptible to poisoning.  For instance, 
CO poisons low temperature fuel cells but is consumed in high temperature fuel cells. 

• Fuel and Reformers – Hydrogen is the nominal fuel for all fuel cells, however, elemental, 
diatomic hydrogen (H2) is often not an economical alternative.  Where this is the case, 
hydrocarbon (fossil) fuel that is rich in hydrogen is used instead.  As pointed out earlier 
in this Section, where hydrocarbon fuel is used, a fuel reformer must be incorporated in 
the system.  For low temperature fuel cells the reforming process is done externally and 
generally requires the application of heat.  Methane reacts with steam at high temperature 
(760°F) to produce hydrogen and CO2 in the following reaction: 

2224 42 HCOOHCH +⇒+  

Of the many options that are possible, there are four fuel cell types that are currently 
considered to be most promising as practical power generation applications.  These fuel cell 

                                            
45 University of California at Irvine, National Fuel Cell Research Center http://www.nfcrc.uci.edu 
46 U.S. Department of Defense Fuel Cell Test and Evaluation Center http://www.fctec.com/fctec_types_pem.asp 
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types are described below.  It is important to know that at this writing only the Phosphoric 
Acid (PAFC) fuel cell is commercially available and that the others are in development. 

• Phosphoric Acid Fuel Cells (PAFC) – PAFC fuel cells, which were introduced in the 
1970s, are perhaps the most common fuel cells and they are commercially available from 
vendors such as PlugPower47 of Latham, NY at an estimated cost of more than 
$3,500/kW of capacity.  The electrolyte is liquid phosphoric acid (H3PO4) soaked in a 
matrix that is typically silicon carbide.  The charge carriers are hydrogen ions (protons).  
The electrodes are typically platinum or platinum alloy.  The electrodes serve as catalysts 
as well.  PAFC fuel cells generally operate at temperatures between 300°F and 400°F and 
pressures of about 120 psig.  At lower temperatures, the phosphoric acid is a poor ionic 
conductor. 
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Figure 11 - Schematic of PAFC and PEMFC 

Most PAFCs that have been developed to date are between 50 and 200 kW in capacity with 
efficiencies of 40% to 47% for fuel cells powered by natural gas.  Units as large as 11 MW 
are being considered.  One potential problem with the PAFC fuel cell is CO poisoning.  
Another chemical contaminant is sulfur that is found in some fossil fuels and must be 
removed for use in the fuel cell. 

The use of platinum makes PAFC fuel cells expensive.  PAFC fuel cells tend to be large and 
heavy and so are most often used in stationary applications.  Cooling water used in the PAFC 
fuel cell can be used to generate steam for other processes such as space heating. 

                                            
47 Plug Power, http://www.plugpower.com 
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• Molten Carbonate Fuel Cells (MCFC) – The electrolyte used in MCFC fuel cells is a 
combination of alkali carbonates (potassium – K and sodium – Na) in a ceramic matrix of 
LiAlO2.  The electrodes are nickel and nickel oxide.  The MCFC operates at temperatures 
of 1100°F to 1300°F to keep the carbonates in a molten salt form, which is required to 
provide good conductivity.  The charge carriers are carbon trioxide ions.  Because the 
MCFC operates at relatively high temperatures, no fuel reformer is required to burn a 
wide range of hydrocarbon fuels including natural gas, landfill gas, diesel fuel and carbon 
monoxide.  MCFCs ranging from 10 kW to 2,000 kW have been built with efficiencies of 
50% to 60% based on natural gas LHV.  The high temperature of operation offers the 
possibility of using waste heat in a CHP bottoming cycle application such as a steam 
turbine in a Rankine cycle or gas turbine (Brayton Cycle) to provide overall system 
efficiencies that are much higher, approaching 80% according to Fuel Cell Energy.48  
Unfortunately, the high temperature of operation also causes corrosion and high 
maintenance costs. 
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Figure 12 -- Schematic of MCFC 

• Solid Oxide Fuel Cells (SOFC) – SOFCs use an electrolyte that is a solid ceramic, 
typically made up of zirconium oxide and calcium oxide in a crystal lattice, rather than a 
liquid.  Other electrolyte materials including zirconium, yttrium, cerium, lanthanum, and 
tungsten have experimented with.  The charge carriers are oxygen ions.  The SOFC 
operates at high temperature (1200°F to 1830°F) and so like the MCFC, no separate fuel 
reformer is required.  SOFCs from 25 kW to 220 kW with efficiencies on the order of 
45% to 50% (LHV) have been developed.  Because of the high operating temperatures, 
bottoming systems for power generation are also possible, and with such systems the 
overall system efficiency may be over 60%. 

                                            
48 Fuel Cell Energy http://www.fce.com 
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Figure 13 - SOFC Schematic 

• Proton Exchange Membrane Fuel Cells (PEMFC) – The electrolyte for the PEMFC is a 
solid: a thin plastic film that is a solid polymer membrane (typically perfluorosulphonic 
acid polymer).  When saturated with water, the charge carriers (hydrogen ions – protons) 
can pass through the electrolyte membrane but electrons cannot.  The electrodes are 
porous and impregnated with platinum.  The PENFC operates at about 175°F.  Since it 
operates at such a low temperature, reforming is required for any fuel other than 
hydrogen and CO poisoning is a hazard.  Sizes range from 50 to 250 kW and efficiencies 
are typically on the order of 40% to 47%. 

The PEMFC has the highest weight to power ratio of any fuel cell technology and since the 
only liquid in the cell is water, it is relatively insensitive to orientation.  These characteristics 
make it well suited to mobile applications such as spacecraft (the NASA Gemini program) 
and replacements for automobile storage batteries.  

5.4.5 Reciprocating Engines 
Reciprocating engines are widely used for power generation where the capacity required is 
relatively small (less than about 3 to 5 MW) and flexibility in operation is desirable.  In small 
sizes, the cost of reciprocating engines is typically less than that of gas turbines.  There are 
two classes of reciprocating engines: Spark Ignition (SI - based on the Otto cycle) and 
Compression Ignition (CI – based on the Diesel cycle).  Both SI and CI engines are four-
stroke engines.  Two-stroke engines are built; however, they are relatively inefficient and are 
not used in power generation applications.  The four-stroke process varies for SI and CI 
engines as illustrated in Table 14. 
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Table 14 – Reciprocating Engine Strokes 
Stroke SI CI 

Intake Air-fuel mixture admitted to 
cylinder through intake valve(s) 
with exhaust valve(s) closed 

Air admitted to cylinder 
through intake valve(s) with 
exhaust valve(s) closed 

Compression Air-fuel mixture is compressed 
with intake and exhaust valves 
closed and ignited at the top of the 
stroke by the spark plug 

Air is compressed with intake 
and exhaust valves closed and 
fuel is injected near the top of 
the stroke and ignites at the 
high temperature created by 
the compression 

Power Hot gas expands with intake and 
exhaust valves closed pushing the 
piston down 

Same 

Exhaust Piston moves up with exhaust 
valve(s) open and intake valve(s) 
closed to expel exhaust gas 

Same 

 

SI engines can use gasoline, natural gas, propane and landfill gas.  CI engines are usually 
fueled with either #2 or #6 oil.  Overall, reciprocating engines have efficiencies on the order 
of 30%.  SI engines using natural gas have been built in capacities up to 6.5 MW with 10 to 
20 cylinders and typical efficiencies that range from 37% to 40%.49 

Reciprocating engines are classified by their operating speed as listed below.  In general, as 
the size of the engine increases, its speed falls. 

• Low speed – 58 to 275 rpm – 2 to 65 MW 

• Medium speed – 275 to 1000 rpm – 500 kW to 35 MW 

• High speed – 100 to 3600 rpm – 10 kW to 3.5 MW 

DOE-DER currently has the Advanced Reciprocating Engines System (ARES) Program in 
place with a consortium of major North American engine manufacturers.50  This program 
addresses gas-fired reciprocating engines.  The goals of that program include: 

• Improve thermal efficiency to 50% (30% higher than today's engines)  

• Achieve a 95% reduction in NOx emissions  

• Achieve significantly longer service intervals, thus much lower maintenance costs. 

                                            
49 US DOE Energy Efficiency and Renewable Energy 
http://www.eere.energy.gov/der/gas_fired/pdfs/reciprocating.pdf 
50 US DOE Energy Efficiency and Renewable Energy Distributed Energy Program Advanced Reciprocating 
Engine Systems Projects http://www.eere.energy.gov/de/technologies/det_gasfired_engine_proj.shtml 
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Reciprocating engines offer the possibility of CHP applications through heat recovery from 
both engine jacket water and exhaust.  It is estimated that such CHP applications can achieve 
75-85% total fuel efficiency.  Caterpillar claims potential CHP application efficiency of as 
much as 90%.51 

SI Engines 

SI engines for power generation most often burn natural gas.  Their size ranges from about 
10 kW to about 5 MW.  SI engines typically have lower compression ratio than diesel 
engines (ranging from 9:1 to 12:1) as compared to diesels with compression ratios ranging 
from 12:1 to 17:1 and so are less efficient than diesel engines, with efficiencies ranging from 
28% to 42% as the size increases. 

Many large SI engines use the engine block and other major components from diesel engine 
designs.  Most SI engines are classified as high speed (greater than 100 rpm) but the largest 
SI engines are medium speed (275 to 1000 rpm). 

These four-stroke Otto cycle engines use a spark plug in one of two ways to ignite a 
compressed mixture of air and fuel: open chamber or precombustion chamber.  In the open 
chamber design, the spark plug is installed at the top of the chamber with no embellishments.  
Open chamber designs are adequate for smaller bore engines, but not for larger bore engines.  
Larger bore engines have the spark plug installed in a smaller precombustion chamber.  In 
the precombustion chamber the spark plug ignites a fuel-rich mixture that produces a jet of 
flame that is injected into the main cylinder. 

The ignition technology is used to help reduce the production of NOx.  By using high-energy 
ignition systems, SI engines can be operated with lean fuel-air mixtures.  There is a tradeoff 
between emissions and efficiency, however.  A SI engine tuned for minimum NOx 
production will typically see a reduction in efficiency of 1% to 1.5% as compared to tuning 
for maximum efficiency. 

CI Engines 

CI, or diesel, engines range in size from 10 kW (high speed) to 65 MW (low speed) and have 
efficiencies that range from 30% to as much as 48% as the size increases and speed 
decreases.   

As mentioned in the discussion of SI engines, diesels tend to be more efficient than SI 
engines because of their higher compression ratio.  The emissions from diesels, however, are 
typically much greater than for SI engines (5 to 20 times as much NOx production per kWH). 

                                            
51 Caterpillar, Combined Heat and Power that Pays You Back 
http://www.cat.com/cda/components/fullArticleNoNav?ids=88278&languageId=7 
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Dual Fuel Engines 

Most dual fuel engines burn either diesel fuel or natural gas.  Most dual fuel engines are 
diesel engines that use diesel fuel as a pilot fuel when natural gas is burned.  The amount of 
diesel burned as pilot fuel varies from 1% to 15% of the total fuel. 

Reciprocating Engine CHP Applications 

Reciprocating engines are often used in CHP applications.  There are four common sources 
of heat that can be used from reciprocating engines: 

• Exhaust heat - the temperature of the exhaust gas varies from about 1060°F to 690°F with 
the temperature falling as the size increases and the speed decreases 

• Water jacket 

• Lube oil coolers 

• Turbo charger coolers 

 
The total CHP efficiency of systems using reciprocating engines typically range from about 
75% to 80% with the higher efficiencies being seen in the smaller, high speed engines. 

5.4.6 Absorption Chillers 
A major fraction of the energy used for many buildings, especially in warm weather like that 
in Maryland during the summer, is air conditioning.  Most air conditioning is done using a 
vapor compression cycle with compressor-based chillers.  The vapor compression cycle 
utilizing a compressor is illustrated in Figure 14.  

The vapor compression cycle takes advantage of the fact that the saturation temperature 
(boiling point) of the refrigerant depends on its pressure.  The saturation temperature 
increases as the pressure increases.  In the vapor compression refrigeration cycle, the 
saturated refrigerant liquid is maintained at a pressure designed to allow optimum heat 
transfer with a chilled water loop.  The process is as follows: 

• Heat from warm water in the chilled water loop adds the heat of vaporization to the 
saturated liquid refrigerant in the evaporator. 

• The saturated vapor from the evaporator is compressed and heated by a compressor 
(which many be piston type or centrifugal) above saturation temperature.  In many 
systems, the vapor from the evaporator is actually slightly above the saturation 
temperature to protect the compressor from being damaged by liquid refrigerant. 
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Figure 14 - Vapor Compression Refrigeration Cycle 

• The high-pressure, superheated vapor from the compressor is cooled and condensed in 
the condenser.  In condensing, the refrigerant gives up its heat of vaporization, but at a 
higher temperature than in the evaporator because of the higher pressure in the condenser. 

• The high-pressure, saturated liquid from the condenser flows through an expansion valve 
to the evaporator to repeat the cycle.  As the high-pressure liquid passes to the lower 
pressure, a fraction of the liquid flashes to vapor, taking heat from the fraction of the 
refrigerant that remain in liquid form, thus cooling both the liquid and vapor. 

An alternative to the compressor-based chiller is the absorption chiller, which was developed 
by Ferdinand Carre in 1859 using a mixture of water and ammonia (NH3).  Figure 15 shows a 
simplified schematic of the system.  This schematic is similar to the schematic shown in 
Figure 14 except that the absorber and generator with solution pump, expansion valve and 
heat exchanger replace the mechanical compressor seen in Figure 14.  The process shown in 
this diagram is as follows: 

• Ammonia vapor leaves the evaporator (where heat is absorbed) to enter the absorber.  In 
the absorber, the ammonia dissolves in the water in an exothermic reaction.  Heat from 
this reaction is rejected to cooling water. 

• The ammonia water solution is pumped through the regenerator to the generator at a 
relatively high pressure.  Heat is added to the ammonia water solution from an external 
heat source such as the exhaust of a microturbine and this causes some of the liquid 
solution to vaporize.  Because the ammonia-water solution is weakened in this process, 
the generator is also called the desorber by some manufacturers. 
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• Weakened liquid solution from the generator flows back to the absorber through an 
expansion valve.  A heat exchanger (the regenerator) uses heat from the wakened liquid 
to preheat the strong solution being pumped from the absorber to the generator. 

• The vapor flows from the generator to the rectifier where the water is separated from the 
vapor and returned to the generator. 

• Ammonia at high pressure flows from rectifier to the condenser where the vapor is cooled 
to saturation and then condensed to saturated liquid. 

• The saturated liquid flows through an expansion valve to the low pressure in the 
evaporator and is cooled as a result. 

• In the evaporator, the heat from the space to be chilled is absorbed by the chilled liquid to 
produce saturated vapor.  The saturated vapor then flows to the absorber to repeat the 
cycle. 

The absorption chiller shown in Figure 15 is called a single effect unit.  Single effect 
absorption chillers are available from a number of manufacturers including Trane and York.  
For both Trane and York, a lithium-bromide solution is used in place of ammonia. 

Trane and York also offer more efficient double effect (or two stage) absorption chillers.  In 
the double effect absorption chiller, the efficiency is improved by regenerating heat from the 
first stage in a second stage of ammonia generation in either of two ways: the heat from the 
first stage generator can be used in a second stage generator or heat from the first stage 
absorber can be used in the second stage generator.  In both the Trane and York double effect 
absorption chillers, the heat from the first stage generator is used to “fire” the second stage 
generator. 

Triple effect absorption chillers that even more efficient than double effect chillers are under 
development.  Both York and Trane have built triple effect chiller prototypes under 
sponsorship of DOE, Oak Ridge National Laboratory.52  At this writing there are no 
commercially available triple effect absorption chillers. 

The efficiency of chillers is expressed as the coefficient of performance (COP), which is 
defined as follows: 

innet

H

W
Q

InputequiredR
OutputDesiredCOP

,

==  

 
Where: QH = Heat transferred (desired output) 

Wnet, in = Required input (compressor work or absorption chiller heat input) 
 

                                            
52 Oak Ridge National Laboratory, Buildings Technology Center, Heating and Cooling Equipment R&D, Large 
Commercial Chillers http://www.ornl.gov/sci/btc/apps/lgcmlch.html 
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Figure 15 - Single Effect Absorption Chiller Cycle 
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Most air conditioners have COPs that range from 2.5 to 3.5 and centrifugal chillers are 
claimed to have COPs as high as 5.  Single effect absorption chillers have COPs that range 
from 0.65 to 0.72.  Double effect absorption chillers have COPs from about 1.07 to 1.14 
(LHV).  In light of the relatively poor performance of the absorption chiller, it is seldom used 
in place of centrifugal chillers in “stand-alone” applications.   

In situations where there is waste heat from another process, however, the absorption chiller 
can offer overall improvement in system efficiency.  For instance, in a situation where a 
microturbine or high temperature fuel cell is used to provide electrical power for an office 
building, the waste heat from the microturbine or fuel cell can be used in an absorption 
chiller in place of a compressor-based chiller, thus reducing the electrical demand of the 
building.  Single effect absorption chillers can operate with lower temperature heat sources 
than double effect absorption chillers and so may be used where only low temperature heat 
sources are available.  The triple effect absorption chillers will require higher temperature 
sources of heat than the double effect chillers. 

5.4.7 Desiccant Air Dryer Systems 
In air conditioning applications, the effect of the moisture in the air cannot be neglected.  
This is true because the heat of vaporization is significant, over 1000 BTU/lb of water.  
When an air conditioning system drops the temperature of warm, moist air below the 
dewpoint of the moisture in the air, water vapor in the air is condensed.  The air conditioning 
system must remove this heat of vaporization as well as the sensible heat in the air.  This 
increases the cooling load on the air conditioning system. 

The load on the air conditioning system can be reduced 30% to 50% by removing moisture 
from the air before it is cooled below the dewpoint.  Moisture can be removed from the air 
using a substance called a desiccant.  There are two types of desiccant systems in use, liquid 
(also called sorbent) and dry.  Liquid desiccants remove moisture in a process called 
absorption, which involves both chemical and physical change of the desiccant material.  Dry 
(solid) desiccants remove moisture through adsorption in which moisture is collected on the 
outside surface of the material without changing the material chemically or otherwise.  Dry 
desiccant systems are more common the liquid desiccant systems. 

For both liquid and dry systems, the desiccant is regenerated by passing heated air through 
the desiccant.  This allows the same desiccant to be used continuously in a regeneration cycle 
process. 

Liquid Desiccant Systems 

Liquid desiccant systems typically consist of a spray system with two chambers, one 
chamber for incoming air (often called the conditioner) and the other for exhausting air (often 
called the regenerator) as illustrated in Figure 16.  The liquids used include a lithium 
chloride, lithium bromide, calcium chloride and triethelyene glycol solutions.  For air 
conditioning systems, the chilled water coil is often in the chamber for incoming air.  In the 
incoming air side of the dehumidifier, the sorbent reaction is exothermic and so the air 
temperature is increased as the moisture is removed.  There are often heating coils in the 
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chamber for exhausting air because the reaction that removes moisture from the desiccant is 
endothermic.  In both chambers, the desiccant solution is sprayed into the air stream with 
nozzles that disperse the liquid in small droplets to maximize the mixing of the air and 
desiccant. 

To Air
Conditioned

Space
Incoming

Air
Scavenger

Air Exhaust

Hot
Water

Chilled
Water

Conditioner Regenerator

Liq Des Dehum.wmf

Liquid Desicant

 

Figure 16 - Liquid Desiccant Dehumidifier 

Liquid desiccant systems have the advantage that the liquid spray improves air quality by 
removing particulates and often killing biological hazards including some bacteria and 
viruses.  Another advantage of liquid desiccant systems is that they are typically smaller than 
dry system using desiccant wheels.  A disadvantage of liquid systems is possible carryover of 
the desiccant liquid into the incoming air.  Another disadvantage is that maintenance is 
relatively high, particularly in light of the fact that some desiccant liquids, like lithium 
chloride, are corrosive. 

Manufacturers of liquid desiccant systems include Kathabar Systems.53  A Kathabar 
dehumidifier is used in the University of Maryland Advanced Desiccant Dehumidifier and 
Chiller Program.54 

                                            
53 Kathabar Systems http://www.kathabar.com 
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Dry Desiccant Systems 

Dry systems typically use a desiccant wheel or disk typically constructed from a lightweight 
matrix or media that is coated with the solid desiccant material to create a porous 
arrangement that allows air to pass through the desiccant.  The wheel is typically on the order 
of four to ten inches “deep” and two to ten feet in diameter.  Common desiccant materials 
used include lithium chloride, titanium silica gel, and activated alumina. 

In operation, the desiccant wheel rotates slowly (2 to 25 rpm) in a divided duct that has 
incoming air on one side and exhausting air on the other side as illustrated in Figure 17.  
Moisture in the incoming air is removed by desiccant on the wheel passing through the 
incoming air duct, saturating the desiccant.  As the wheel rotates, the saturated desiccant 
moves from the incoming air side duct into the duct with exhausting air.  The exhausting air 
removes the moisture from the desiccant, regenerating the desiccant so that it can remove 
moisture once again as it moves into the incoming air duct. 
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Figure 17 - Dry Desiccant Dehumidifier 

A feature seen in many dry desiccant systems is a heat exchanger wheel.  The heat exchanger 
wheel is a cylindrical assembly that is commonly made up of corrugated metal plates that 
allow air to pass through easily.  The heat exchanger wheel is on the same shaft as the 
desiccant wheel arranged so that the dehumidified air from the desiccant wheel (which is 
heated in dehumidification) passes through the heat exchanger wheel heating the corrugated 

                                                                                                                                                  
54 US DOE, Office of Power Technologies, Distributed Energy Resources, Thermally Activated Technologies, 
Advanced Desiccant Dehumidifier and Chiller Program 
http://www.enme.umd.edu/ceee/bchp/files/Prog%20Plan%20%20Desiccant%20Screen%20PDF.pdf 
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metal plates.  The heated plates rotate from the incoming air duct to the exhaust air duct 
where the heat is transferred to the exhausting air before it passes through the desiccant 
wheel.  Heating the exhausting air before it passes through the desiccant wheel increases the 
amount of moisture removed from the desiccant. 

There are two variations in desiccant wheels that are related to regeneration: passive and 
active.  In passive systems, the air in the exhaust side of the duct is dry air from the building 
that is heated only by the heat exchanger wheel.  Passive systems have less desiccant material 
in the wheel and tend to have higher rotational speeds than active systems.  Passive systems 
are often called enthalpy wheels or enthalpy exchangers because the desiccant removes both 
sensible heat and the heat of vaporization. 

In active desiccant wheel systems, the desiccant wheel has more desiccant material and 
rotates more slowly than passive systems.  The air in the exhaust side of active systems is 
heated using an external heat source to increase the amount of moisture removed from the 
desiccant.  The external heat source can be gas or electric heating coils.  In CHP applications, 
the source of heated air can be a microturbine or other equipment.  Active systems are more 
effective in regenerating the desiccant and thus result in greater moisture removal and energy 
savings of 12% to 40% in air conditioning.55 

Manufacturers of desiccant wheel type dehumidifiers include Munters56 and Stulz Air 
Technology Systems.57  Stulz, which is headquartered in Germany, has a facility located in 
Frederick, MD. 

5.5 OTHER ALTERNATIVE TECHNOLOGIES 

5.5.1 Wind Power 
The power available in the wind can be captured in wind turbines to generate electrical 
power.  Although wind turbines (windmills) have been used since ancient times for various 
applications including pumping water and providing mechanical power for mills and other 
industries, the use of wind turbines on a large scale for commercial power generation is a 
relatively new development that began as a result of the oil crises in the early 1970s.  Current 
wind turbine technology can be classified as either small turbines that are intended for single 
family homes and similar applications, or large turbines that are used for commercial power 
generation. 

Large Wind Turbines 

Large wind turbines are commonly installed in groups called wind farms that can have total 
capacities on the order of 100 MW.  Individual wind turbines in a wind farm can range from 
typically 600 to 1800 kW.  A typical 1.5-MW wind turbine has a tower approximately 185 

                                            
55 US DOE Energy Efficiency and Renewable Energy, Office of Industrial Technologies, Inventions & 
Innovation, Project Fact Sheet, Crome Cycle Air Conditioner 
http://www.eere.energy.gov/inventions/pdfs/solareng.pdf 
56 Munter’s Corporation http://www.muntersmcs.com 
57 Stultz Air Technology Systems, Inc. http://www.stulz-ats.com 
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feet in height with blades that are about 100 feet long.  Minimum average wind speeds of 13 
mph are generally required to make a wind farm economical.  The cost of wind farms is on 
the order of $1000/kW of capacity.  Features of large wind turbines include: 

• Rotor – The size of the rotor determines the power of the wind turbine, that power is 
directly proportional to the swept area of the rotor.  Since the swept area increases with 
the square of the rotor diameter, doubling the diameter of the rotor increases the power by 
a factor of four.  As the rotor diameter increases, the rotor speed falls.  As an example, in 
the GE line of wind turbines, the 900-kW rotor diameter is 55 meters (180.4 feet) and the 
speed varies from 15 to 28 rpm, while its 3.5-MW turbine has a rotor diameter of 104 
meters (341.1 feet) with speed that varies from 8.5 to 18.3 rpm. 

The rotor has either two, or more commonly, three blades.  Three-bladed rotors tend to 
have fewer problems due to stability.  With a two-bladed rotor, when the rotor is 
positioned with one blade pointing straight up, it has maximum axial force, while the 
lower blade is passing in front of the tower and thus has the minimum force. 

The rotor can be either upwind or downwind of the tower.  Rotors that are upwind require 
a yaw control mechanism to keep the rotor pointed into the wind.  Downwind rotors point 
into the wind from aerodynamic forces and so do not need a yaw control system.  
Unfortunately, the cyclic forces that are imposed on the rotor blades for downwind rotors 
as they pass through the “wind shadow” of the tower cause considerable design problems.  
Accordingly upwind orientation of rotors is more common. 

The most common material of construction is composite material like fiberglass, often 
reinforced with materials such as graphite fiber.  Some wind turbines have variable pitch 
blades that are used to control power.  The blades of some rotors are equipped with tip 
brakes that are sections of the blade at the tips of the blades that snap out and rotate about 
90 degrees to stall the blade, stop it and prevent overspeed.  Others have passive stall 
control in which the rotor blade stalls when the wind exceeds a safe speed.   

• Nacelle – The generator, gearbox and other components are housed in the nacelle, which 
is mounted on the top of the tower.  The rotor is coupled to the gearbox to drive the 
generator. 

• Gear box and generator – The rotational speed of the wind turbine is typically on the 
order of 8 to 30 rpm.  Generator speeds must be much higher, and so a speed increasing 
gear is required.  The generator may be a synchronous, or more commonly, an 
asynchronous AC induction generator.  If it is a synchronous generator, it must operate at 
a constant speed.  Since the most efficient speed for a wind turbine depends on the wind 
speed, synchronous generators tend to reduce wind turbine efficiency. 

• Yaw control – The turbine must point into the wind in normal operation; this is called 
yaw control.  A wind vane is used in a control loop with an electric motor operating 
through a gear to point the nacelle into the wind. 

• Mechanical brake – There is a mechanical brake that is usually used as a backup to other 
aerodynamic braking methods. 

• Power conversion – The generator is generally an asynchronous AC induction generator.  
Induction generators normally require reactive power from the electrical system to 
magnetize the rotor and produce electricity.  This is a disadvantage since the demand on 
the electrical system consists of reactive power as well as “real” power.  Further, since 
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the speed of a generator is not a fixed multiple of 60 Hz, the generator cannot be 
synchronized to the electrical system directly.  To address these two problems, solid state 
electronic systems that are based on thyristors are used in modern systems to convert the 
output of the generator to 60 Hz AC to connect with the electrical transmission and 
distribution system.  These solid state power conversion systems can also convert a 
fraction of the real power generated to reactive power. 

There are a number of large wind turbines.  Zond, formerly owned by Enron, was one of the 
largest wind turbine companies in the world and was a contractor to the DOE in their Wind 
Energy program.58  When Enron experienced financial difficulties, Zond was acquired by GE 
Power Systems in May 2002.  They now offer a range of options from 900 kW to 3.6 MW.  
A prominent example of many other vendors for large wind turbines is the Danish company 
Vestas Wind Systems A/S.59 

Small Wind Turbines 

Small wind turbines are usually less than 50 kW in rating and require minimum average wind 
speeds of 9 mph.  The cost of small wind turbines is typically around $2,000 to 6,000/kW of 
capacity.  Small wind turbines are used for stand-alone applications like battery chargers and 
for connection to the electrical transmission and distribution system. 

A good example of a small wind turbine is the Bergey 10-kW Excel-S wind turbine, which is 
sold in kit form with a tower and GridTek electrical power processor to convert the power to 
60 AC.  This allows interconnection with the utility distribution system.60  The rotor diameter 
is 23 feet and its rated speed (with a wind speed of 36 mph) is 310 rpm.  The minimum wind 
speed for operation is 8 mph. 

The cost of this kit is $33,500.  Bergey advises that installation costs are estimated from 
$5,000 to $15,000 for a total of $38,500 to $48,500 installed cost (about $3,800 to 
$4,900/kW of capacity). 

Wind Turbines and Wind Conditions 

The feasibility of wind turbines for a given geographic location obviously depends on the 
“availability” of wind at that location.  Wind speed and direction are not constant, of course; 
however there are records of the average prevailing wind and these can be used to make a 
preliminary estimate of the feasibility of using wind turbines. 

The wind is classified according to wind power classes, based on typical wind speeds.  These 
classes are described in Table 15. 

                                            
58 Renewable Energy Annual 1996 - Office of Coal, Nuclear, Electric and Alternate Fuels  DOE/EIA-0603(96) April 1997 , pg 42, 
http://www.eia.doe.gov/cneaf/solar.renewables/page/wind/windprofile.pdf 

59 Vestas Wind Systems A/S http://www.vestas.com/uk/Home/index.asp 
60 Bergey Windpower Co. http://www.bergey.com/ 
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Table 15 - Wind Classes 
Wind Power Class Wind Speed (mph) 

1 0 – 12.5 
2 12.5 – 14.3 
3 14.3 – 15.7 
4 15.7 to 16.8 
5 16.8 to 17.9 
6 17.9 – 19.7 
7 19.7 – 26.6 

 

As a rule of thumb, wind power class 4 or higher can be useful for generating wind power 
with large (utility-scale) turbines, and small turbines can be used at any wind speed.  Class 4 
and above are considered good resources. 

The wind map of Maryland in Figure 18 (shows wind at 50 meters) from NERL shows 
general wind power classes for the State and indicates that Maryland has good wind 
resources in three parts of the State:61 

• Western Maryland from Hagerstown west to the West Virginia border along mountain 
tops 

• The lower Chesapeake Bay 

• The Atlantic Ocean coast of Maryland 

 
Note that installation of wind turbines in the ocean and other large bodies of water is 
considered feasible and, in fact, GE’s largest wind turbines are expected to be installed in the 
ocean. 
The DOE estimates that if all of the available wind resources in Maryland were to be 
developed, wind power could generate 2% of the State’s annual electric energy 
consumption.62  This estimate appears to be low given the wind power generation that has 
already been done and that which is being considered. 

                                            
61 Department of Energy's Wind Program and the National Renewable Energy Laboratory (NREL), Maryland 
Wind Resource Map, 
http://www.eere.energy.gov/windandhydro/windpoweringamerica/pdfs/wind_maps/md_50m.pdf 
62 US DOE Energy Efficiency and Renewable Energy, Wind and Hydropower Technologies Program, Maryland 
Wind Resources, http://www.eere.energy.gov/state_energy/tech_wind.cfm?state=MD 
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Figure 18 – NREL Wind Map for Maryland 

There is already a 66-MW wind farm in West Virginia near the Western Maryland border, 
Mountaineer Wind Energy Center located in Tucker and Preston Counties, West Virginia.  
Mountaineer went into service in December 2002.  The facility has 44 NEG Micon (now 
Vestas Wind Systems A/S) wind turbines on a 4,400-acre site on Backbone Mountain near 
Thomas, West Virginia, as shown in Figure 19 and Figure 20.  This facility, which is owned 
by FPL Energy, sells all of its power to Exelon. 

In Maryland, US Windforce has licensed the Savage Mountain wind farm with 25 wind 
turbines and a 40 MW capacity, located on an active strip mining operation that straddles the 
Garrett and Allegany county line south of Frostburg.63  This project is expected to go into 
service in 2005.  US Windforce has also identified a site on Dans Mountain in Allegany 
County, but as of this writing, was unsuccessful in reaching lease agreements with all 
landowners. 

Clipper Windpower (a company founded by James Dehlsen who also founded Zond, now 
owned by GE) was also licensed to build a 101-MW wind farm with 67, 1.5-MW wind 

                                            
63 US Windforce, Projects, Savage Mountain http://www.uswindforce.com/default.asp?pg=projects&pg2=4 
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turbines.  This project would be located on Backbone Mountain near the town of Oakland, 
Maryland.  The PSC has granted the CPCN for this project. 

 

Figure 19 - Mountaineer Wind Farm (courtesy of Vestas Wind Systems A/S) 

Synergics has proposed a 40-MW windpower project along Backbone Mountain in Garrett 
County, a few miles southwest of the Clipper site.  The company had plans to construct up to 
24 turbines.  Hearings in this case were held in May 2005, and in those hearings Synergics 
proposed to build fewer but larger (and thus taller) turbines than originally proposed in 
response to concerns about harm to migrating bats.  The output of the project would remain 
at 40 MW.64 

Another company, Winergy, is proposing a project in Federal waters in the Atlantic offshore 
of Maryland.  The Isle of Wight wind farm would be located 3.5 miles off Ocean City and 
would have 352, 3.5-MW wind turbines with a total capacity of about 1267 MW in a  
71-square mile area.65 

Winergy says that the selection was made based on wind speeds of class 4 to 5, proximity to 
major transmission lines, water depth, and the lack of marine mammal activity. 

                                            
64 Article by David Dishneau, Associated Press published in NEPA News dated 5/23/05 - 
http://www.zwire.com/site/news.cfm?newsid=14575783&BRD=2212&PAG=461&dept_id=465812&rfi=6 
65 Winergy, Wind Farm Status, Isle of Wight http://www.winergyllc.com/isle_of_wight.shtml 
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Winergy also has proposed wind farm sites off Virginia near the mouth of the Chesapeake 
(Smith Island – 150, 3.6-MW turbines for a capacity of 540 MW in a 25.5-square miles area) 
and off Delaware near Indian River (Indian River – 306, 3.5-MW turbines for 1102 MW 
capacity in a 67-square mile area).  Based on the fact that no offshore wind turbines have 
been approved in the United States to date, these proposals are more speculative than the 
projects planned for Western Maryland. 

 

Figure 20 - NEG Micon/Vestas Wind Systems Wind Turbine at Mountaineer (courtesy of 
Vestas Wind Systems A/S) 

While wind turbines can be among the most benign sources of electrical power generation to 
the environment, producing no CO2 or other air emissions, there are environmental issues 
associated with wind farms.  Birds and bats can be killed by rotor blades, and as a 
consequence, some environmental organizations have organized resistance against 
development of wind farms.  Another source of public concern is the change in scenery that 
results from wind farms.  Where wind farms are proposed for offshore locations, there are 
concerns about the towers being hazards to navigation. 

There are technical issues associated with wind energy, especially in Maryland.  One 
significant issue is the fact that the locations where there is enough wind to justify the 
construction of wind farms are far from the load centers where the electric power would be 
used.  This means that there would be significant power transmission losses.  Further, the 
reactive power (related to system voltage) required for the electrical system cannot easily be 
supplied by these remote power plants, which requires operation of generating units that are 
close to load centers in a mode that produces additional reactive power.  Operation of 
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generating units to maximize reactive power generation, as opposed to “real” power, often 
results in decreased efficiency. 

The fact that large wind turbines use asynchronous induction generators can have adverse 
impact on electrical system operation, especially in remote areas where a large fraction of the 
generation is wind turbines.  Potential problems include supply of reactive power and 
adequate control of system voltage, frequency and harmonics.  Manufacturers have recently 
introduced solid state power conversion systems, combined with variable turbine speed 
control, that minimize these problems. 

5.5.2 Solar Power 
There are two different ways in which solar power can be utilized: solar electric systems that 
produce electrical energy through photovoltaics (PV) and solar thermal systems that produce 
heat, principally for space heating and hot water.  There are a number of programs in place 
both on the Federal and State level. 

One important program is the Million Solar Roofs Initiative that was announced in June 
1997.  This DOE program has the objective of installation of one million solar systems, 
either PV or solar thermal systems.  Maryland has its own corollary Million Solar Roofs 
program that was supported by through the Maryland Clean Energy Incentive Act.  This Act 
provided a 15% tax credit for photovoltaic or solar systems on installed costs up to $2,000 
for photovoltaic systems, and $1,000 for solar water heating systems.  This tax credit was 
established in 7/1/2000 and expired on 12/31/2004.66 

An important issue associated with PV is that of net metering.  Net metering is a term that 
refers to non-utility generators of electrical power, such as homeowners with PV systems, 
being paid by the local utility when they generate enough power to supply energy to the 
system rather than using power.  Legislation for net metering in Maryland was included in 
legislation passed in 1997 and updated in 2004 and 2005 (House Bill 1331).  That legislation 
provides for customers that generate power with PV, wind power or qualified biomass (net 
metering does not apply to other types of generation) to be paid for excess generation up to 
200 kW (500 kW with petition).  There is a State limit for net metering capacity of 0.2% of 
the State's adjusted peak-load forecast for 1998, 34.7-MW.67 

Photovoltaics 

Photovoltaics (PV) refers to the generation of electric energy from solar radiation using 
semiconductors.  Many different materials and arrangements of semiconductors have been 
used and are being researched; however, the basic principles of converting radiation to 
electric energy are similar for all these types. 

                                            
66 Maryland Energy Administration, Clean Energy Incentive Program 
http://www.energy.state.md.us/programs/residential/cleanincentives.htm 
67 Maryland Energy Administration, Maryland Net Energy Metering 
http://www.energy.state.md.us/testimony/2005/hb1331_summary.pdf 
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The general arrangement of a solar cell, shown in Figure 21, is a sandwich of thin films of 
two types of semiconductor material, p-type and n-type.  There is a cover of non-reflective 
material on outer side of the PV cell and a supporting backing material together with 
electrodes for the p-type and n-type materials. 

P-type semiconductor material has material added (called doping) that results in electron 
“holes” being created in the crystalline structure of the material.  Electron holes result 
because atoms of the doping material have fewer electrons in the valence layer of the atom 
than the “base” material.  P-type material will accept electrons to fill these holes, even 
through this results in a negative electrical charge. 

N-type material has doping material with atoms that have more electrons in the valence layer 
than the base material.  The “extra” electrons from the n-type doping material are called free 
electrons because they are relatively easily dislodged from the crystalline structure, which 
results in a positive charge.  Both the free electrons in n-type material and the holes in p-type 
material act as charge carriers. 
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Figure 21 - Simplified Photovoltaic (PV) Cell 

When the two thin films of p-type and n-type semiconductor are assembled into the solar 
cell, a p-n junction is created between the two layers.  There are two forces at work in the p-n 
junction area.  One is a chemical potential energy that results from the tendency of atoms to 
fill their valence electron shell.  The chemical potential energy causes free electrons to 
migrate across the junction to fill the holes in the p-type material and similarly, holes tend to 
migrate across the layer to accept the free electrons in the n-type material.  In the area close 
to the junction, holes and electrons combine and as a result there are few free electrons or 
holes, which are charge carriers, and thus this area is called the depletion zone because of the 
depletion of charge carriers. 
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This diffusion process results in a negative charge in the p-type material and a positive 
charge in the n-type material.  Thus an electrostatic field (the second force) is created across 
the depletion region.  The electrostatic force of this electric field acts in opposition to the 
diffusion of holes and electrons across the p-n junction.  When the forces of chemical 
diffusion of holes and electrons across the p-n junction balance the electrostatic force, the 
diffusion stops and equilibrium is established. 

When sunlight strikes, photons (“particles of light”) strike the atoms in the semiconductor 
material, the semiconductor material is ionized (electrons are dislodged from their atoms) 
creating more free electrons and holes than normally exist in both the p-type and n-type 
materials.  These newly freed electrons and holes create an imbalance in the electrostatic and 
chemical diffusion forces across the p-n junction.  Electrons freed in the p-type material pass 
through the depletion zone to the n-type material and holes created in n-type material pass 
through the depletion zone to the p-type material.  This results in an electrical potential or 
voltage being created.  When an electrical load is connected with conductors (wire), to the p-
type and n-type material, the electrons in the n-type material and the holes in the p-type 
material flow through the conductor and load, thus producing electrical energy. 

The magnitude of the voltage produced across the p-n junction depends on the doping 
materials used and the amount of doping material.  There has been considerable research and 
experimentation done to determine the best combination of materials and the amount of 
doping to produce the best results. 

While there are several parameters by which PV cells can be measured, one of the most 
important is PV conversion efficiency.  PV conversion efficiency is a measure of how much 
of the energy in the solar radiation is converted to electrical energy, expressed as a 
percentage.  The first PVs have conversion efficiencies of only 1% to 2%.  Current PVs have 
conversion efficiencies of about 7% to 17%. 

Another critical parameter for PV cells is their useful life.  Over time, the conversion 
efficiency of PV cells deteriorates.  Manufacturers typically guarantee that their PV cells will 
produce a minimum percentage of “new” output over a given period.  Current estimates of 
the useful life of PV cells is 30 years; however, the performance of the PV cells deteriorates 
over time.  One manufacturer, as an example, currently guarantees output to be within 20% 
of rated for 10 years. 

Regardless of the materials used, the voltage produced by a single PV cell is relatively small, 
around 0.45 volts to 0.50 volts DC.  This means that in order to produce electric energy at a 
DC voltage that is high enough to be useful, a number of PV cells must be connected in 
series.  Typically a number of cells are connected and assembled in a module and a number 
of modules are connected and assembled to create an array.  A utility module is typically 
about 12 inches x 48 inches (about 0.5 meter2). 

If AC power is required, the DC power must be converted to AC, and this is usually done 
with a solid state device called an inverter, most of which use semiconductor devices called 
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thyristors.  The inverter is necessary if the PV array is to be “grid-connected” (connected to 
the electrical transmission and distribution system). 

The performance of PV cells is dependent on the amount of sunlight that they are exposed to; 
the greater the light energy, the greater the output.  The intensity of light from the sun 
depends on two factors, the orientation of the PV cells to the sun and the geographic location 
of the PV cells. 

Orientation means that the light should strike the PV cell such that the rays of light are 
perpendicular to the surface of the cell.  This can be done by building tracking devices that 
always point the cells directly at the sun.  The tracking device can be a two-axis unit that 
points directly into the sun or a single-axis tracker that is simpler and thus less expensive, but 
less effective since the position of the sun in the sky changes seasonally.  Give that even a 
signal-axis tracking device increases the cost of a PV cell installation and requires 
maintenance; most PV cell arrays are fixed and pointed towards the south.  They are inclined 
at an angle that depends on the latitude so that the “average orientation” of the PV cells with 
respect to the sun is optimized. 

A variation on orientation of the PV array is solar concentrators.  Solar concentrators are 
arrays of mirrors that allow the intensity of the light striking the PVs to be increased by two 
to three orders of magnitude.  The use of concentrators is generally been confined to utility 
scale demonstration projects to date. 

The geographic location of the PV array is important because there are different amounts of 
solar energy available on an average basis depending on the weather and the latitude; higher 
latitudes receive less solar energy.  The DOE has published a map of the United States that 
shows the average amount of solar energy available throughout the country.  The average 
annual solar energy in the United States input is about 1800 kWh/m2/yr (4,928 W/m2/day) for 
a non-tracking array, and varies by about 30% from this amount within the Continental U.S.  
The average output can be increased to about 2,200 kWh/m2/yr by using a single-axis 
tracking array, and to about 2,400 kWh/m2/yr for a dual-axis system.  The average solar 
radiation for most of Maryland (3,500 to 4,000 W/m2/day) is less than the national average.  
The far western part of Maryland receives even less.  

DOE estimates that a football field-sized (120 yd x 53.5 yd) fixed PV array in Maryland 
could produce 890,000 kWh per year.68  To put this in perspective, it would take an array 
with an area of about 11 square miles to develop as much power as one unit at Brandon 
Shores (680 MW at 80% capacity factor). 

Another practical difficulty with solar power is the fact that it is not available at night and is 
degraded significantly with inclement weather.  Accordingly, it cannot by itself provide 
power continuously.  Either some sort of storage technology is required or a mix of 

                                            
68 US DOE, Energy Efficiency and Renewable Energy, State Energy Alternatives, Maryland Solar Resources, 
Maryland Solar Resource, Flat Plate Collector 
http://www.eere.energy.gov/state_energy/tech_solar.cfm?state=MD 
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generation with sources, other than solar are required to meet demand when solar power is 
not available. 

It is worthy to note that one of the pioneering PV firms is located in Frederick, Maryland.  
The company was started in Frederick as Solarex in 1973, and became a 50/50 venture 
between Amoco and Enron with revenue of $58 million in 1998.  In 1999 it was acquired by 
BP Solar (a subsidiary of BP) to become BP Solar International LLC, a wholly owned 
subsidiary of BP.  The Fredrick, Maryland facility is now the North American Headquarters 
for BP Solar.69 

Passive Solar Heating and Cooling 

Passive solar heating is generally applied to individual buildings, both residential and 
commercial.  Buildings that are designed and built to make maximum use of solar heating 
incorporate features like large windows that face south for maximum exposure to the sun 
which, together with heat sink materials with dark colors and insulated window coverings 
can be used to store heat during the day and keep the building warm when the sun is not 
shining.  DOE estimates that heating costs can be reduced by 50% through the use of such 
design features. 

Passive solar techniques can be used to reduce cooling loads as well.  This is accomplished 
through techniques such as shading and use of overhangs.  Thermal chimneys can also be 
incorporated to vent hot air through the roof of a building. 

Solar Hot Water and Space Heating 

Heat energy from the sun can be captured using solar collectors of many types.  The most 
common type is called a flat plate collector.  A typical flat plate collector is a box installed on 
a south-facing roof that has a glass cover and black bottom.  Small-diameter heat transfer 
tubes run through the box to absorb the heat absorbed in the box and a fluid, which may be 
water or more commonly a solution like glycol that will not freeze, is heated in the tubes.  
The fluid is pumped through the heat transfer tubes and into a large storage tank.  The heated 
fluid can be used directly for space heating or hot water heating using intermediate heat 
exchangers. 

There are more sophisticated solar collectors.  The evacuated tube type solar collector uses 
transparent tubes from which the air is evacuated to provide good insulation.  The heat 
exchange tubes, which are dark in color to maximize heat absorption, are inside the 
evacuated tubes.  The insulating effect of the evacuated tubes allows the heated fluid to be 
heated too much higher temperatures (as high as 350°F) that are possible otherwise. 

Solar Concentrators 

Solar concentrators in the form of mirrors in many forms can be used to achieve higher 
temperatures than are possible with flat plate type collectors.  A relatively simple system is 

                                            
69 BP Solar, About Us, Our Operations http://www.bpsolar.com/ContentPage.cfm?page=8 
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called the parabolic trough, which uses parabolic shaped channels that may be several feet 
wide.  The troughs are usually fixed in the same way that PBV arrays are fixed, pointing 
south and inclined based on the latitude.  Heat transfer tubes with fluid for heat exchange are 
run at the focus of the parabola along the length of the channel.  A number of channels may 
be installed in an array to provide adequate heat transfer. 

More sophisticated solar concentrators utilize a circular array of mirrors that focus on a small 
area where a heat exchanger is located.  The heat collected in this type of arrangement can be 
great enough and at a high enough temperature to be used in other applications including 
Stirling engines and absorption chillers. 

5.5.3 Hydro Power 
Maryland does not have many additional sites feasible for hydro power plant development; 
most of the sites have already been developed.  Nonetheless, according to “Hydropower 
Potential of the United States with Emphasis on Low Head/Low Power Resources” 
(DOE/ID-11111 - Draft - October 2003) published by DOE's Energy Efficiency and 
Renewable Energy, there is the potential for 344 MW of hydro power development in 
Maryland at 59 sites.70  The sites for this potential development are classified by the head and 
the size (power available) at each site as shown in Table 16. 

 

Table 16 - Available Hydro Capacity in Maryland71 
Classification Head Power Available Capacity 

High Head/High Power ≥ 30 feet ≥1 MW 174 MW 
Low Head/High Power <30 feet ≥1 MW 37 MW 
High Head/Low Power ≥ 30 feet <1 MW 74 MW 
Low Head/Low Power <30 feet <1 MW 59 MW 
Total Available Capacity 344 MW 

 

DOE further estimates that of the 59 sites, the following type of hydro turbine systems will 
be required for their development: 

• Conventional hydro turbines – capacity > 1 MW and head between 8 feet and 30 feet – 
21 sites 

• Microturbines – capacity less than 100 kW – 35 sites 

• Unconventional turbines – capacity between 100 kW and 1 MW with head less than 8 
feet – 3 sites. 

                                            
70 Idaho National Engineering and Environmental Laboratory, Hydropower Program Resource Assessment, 
http://hydropower.inel.gov/resourceassessment/default.shtml 
71 US DOE Energy Efficiency and Renewable Energy, Hydropower Potential of the United States with 
Emphasis on Low Head/Low Power Resources, pg B-75, Table B.18 
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6 CARBON SEQUESTRATION 
The technologies reviewed in Section 5 are all alternative means of generating electrical 
power that have the potential to reduce emissions of CO2.  Another technology, carbon 
sequestration, can be applied to existing power generation technology as well as alternative 
technologies that burn hydrocarbon fuels.  Carbon sequestration refers to the capture of CO2 
to either prevent it from entering the atmosphere or removing it from the atmosphere after it 
is produced. 

There are technologies that exist now to remove CO2 from boiler flue gas and gas turbine 
exhaust; however, these technologies are very expensive, with estimates ranging from $40 to 
$150 per ton).  DOE is sponsoring research to improve the available technology and to 
reduce the cost to $10 per ton.  Currently there are four principal areas for carbon 
sequestration under active investigation by DOE – Office of Fossil Energy:72 

• Terrestrial Sequestration – Also called biological sequestration, is removal of carbon 
from the atmosphere by vegetation, which in this context is called a CO2 sink.  CO2 is 
naturally removed from the atmosphere by vegetation.  This area of research involves 
enhancement of the natural process by improving the natural process, principally through 
increasing the amount of vegetation.  This technology is currently under study in 
Maryland by PPRP.  Specific areas for terrestrial sequestration include: 

► Forest land 

► Agricultural land 

► Biomass croplands 

► Deserts and degraded land 

► Boreal wetlands and peatlands. 

• Geologic Sequestration – Removal of CO2 from the atmosphere by pumping it into 
geological formations including: 

► Oil and gas reservoirs – Pumping high pressure CO2 into gas and oil wells pushes the 
gas and oil out of the well.  This is a proven technology that has been used in the 
United States for some time.  There are depleted gas wells in Western Maryland near 
Cumberland that offer potential application of this technology.73 

► Coal Bed Methane – Methane tends to be adsorbed on the surface of underground 
coal deposits.  Many of these coal deposits cannot be mined.  One way to make the 
methane available is to inject CO2 into the coal seams.  The CO2 has a greater affinity 
for adsorption on the surface of coal than methane and so displaces the methane and 
making it available for recovery.  The CO2 remains sequestered in the coal seam.  
This technology is experimental at this writing.74 

                                            
72 US DOE Office of Fossil Energy, Carbon Sequestration R&D 
http://www.fossil.energy.gov/programs/sequestration/ 
73 Potential for Geologic Storage of CO2 in Western Maryland – Phase I Studies, Christine Conn Maryland 
DNR et al, pg 5 
74 Potential for Geologic Storage of CO2 in Western Maryland – Phase I Studies, Christine Conn Maryland 
DNR et al, pg 6 
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► Saline formations – There are many deep underground saline formations that are 
capable of sequestering.  There are many saline formations all over the United States 
that have potential for sequestration.  There is one known case where this technology 
has been applied; that is, by a Norwegian oil company is sequestering the amount of 
CO2 that is the equivalent of the output of a 150 MW fossil power plant.  Maryland 
has potential for use of this technology given that studies have identified the existence 
of potentially suitable brine formations in Maryland.75 

• Ocean – The ocean naturally absorbs much more CO2 from the atmosphere than 
vegetation on land.  The rate of absorption is, however, too slow to help reduce the 
amount of CO2 in the atmosphere.  There are currently two areas of research in progress; 
however, there has not been demonstrations of either technology to date: 

► Cultivation of microscopic plants that live in the ocean called phytoplankton that 
use/absorb CO2 by adding nutrients to the ocean to promote their growth.76  

► Injection of CO2 into the deep ocean where it would be absorbed.  There is concern 
about the fact that when CO2 is absorbed by water, carbonic acid is produced.  The 
effect of increased acidity of the ocean, including the biological effects, is not known.  
One way to prevent biological effects is to encapsulate CO2 in hydrates.  Creation of 
CO2 hydrates is possible at the high pressure and low temperature that exists in deep 
ocean environments. 

• Carbon capture technology – There are a number of chemical processes that can be used 
to capture CO2 from boiler flue gas or gas turbine exhaust gas.  These processes can be 
considered to be analogous to SCR and SNCR technology to remove NOx and scrubbers 
that remove SOx from boiler flue gas and gas turbine exhaust gas. 

Most processes that are currently available are not economical (over $150 per ton).  There is, 
however, a less expensive example of carbon capture technology currently in use in 
Maryland.  The AES Warrior Run plant, which has coal-fired circulating fluidized bed 
boilers, produces food-grade CO2 from a small fraction of the plant’s flue gases using an 
economine flue gas scrubber system from Fluor Daniel, which uses monoethanolamine 
(MEA) as its solvent77.  The cost of CO2 produced in this process is estimated to be $100 per 
ton.  The extracted CO2 is used for food processing and related processes.  Research is in 
progress to develop other processes that might be more economically feasible. 

7 CURRENT MARYLAND STATE ENERGY CONSERVATION AND CO2 REDUCTION 
INITIATIVES 

The State of Maryland has been heavily involved in promoting various means of energy 
efficiency and reduction in production of CO2 for some time.  This Section reviews those 
programs that are most relevant to reduction of CO2 from generation of electric power. 

                                            
75 Bureau of Economic Geology, The University of Texas at Austin, Gulf Coast Carbon Center, Lower Potomac 
Group, Eastern Coastal Plain of Maryland, Delaware and New Jersey 
http://www.beg.utexas.edu/environqlty/co2seq/0potomac.htm 
76 NASA Earth Observatory, Reference, What are Phytoplankton? by David Herring 
http://earthobservatory.nasa.gov/Library/Phytoplankton/phytoplankton1.html 
77 IEA Greenhouse Gas R&D Programme, CO2 Capture and Storage, R&D Project Database Project Details, 
Warrior Run Power Plant http://www.co2captureandstorage.info/project_specific.php4?project_id=28 
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7.1 MARYLAND GHG EMISSIONS REDUCTIONS IN MARYLAND 
On March 13, 2001 Executive Order 01.01.2001.02 Sustaining Maryland's Future with Clean 
Power, Green Buildings and Energy Efficiency was signed.  That Order directs the Maryland 
Green Building Council to develop a comprehensive set of initiatives known as the 
"Maryland Greenhouse Gas Reduction Action Plan."  The Order also sets goals for energy 
generated from renewable sources, energy efficiency in State buildings and purchased 
products, waste diversion or recycling, and alternative fuel vehicles. 

As part of the implementation of Executive Order 01.01.2001.02, the Maryland Energy 
Administration (MEA) has coordinated the development of a two-volume report, “GHG 
Emissions Reductions in Maryland.”  MEA contracted with SAIC in Mclean, VA to develop 
the report, which was made public in March 2004. 

• Volume I of this report, entitled “Current State Government Activities,” describes the 
activities that are already in progress to control or reduce GHG emissions in the State. 

• Volume II, entitled “Voluntary Strategies,” lists and describes a number of low-cost or 
no-cost activities.  These actions include: 

► Promote wind power 

► Improve power plant efficiency 

► Enforce building codes 

► Market Green Power 

► Truck Stop Electrification 

► Create public benefits fund for energy efficiency 

► Promote the Energy Star program  

► Implement HVAC efficiency program 

► Promote advanced transportation program 

► Encourage biomass waste-to-energy. 

 

7.2 CARBON SEQUESTRATION STUDY 
There is work on carbon sequestration in progress in three areas: 

• Work is being done by PPRP to study terrestrial carbon sequestration.  A report by PPRP, 
“Mitigating Cumulative Effects of Power Plants by Carbon Sequestration” (PPAD-02-1, 
July 2002) summarized results of this study.  This study used a computer model to show 
the effects of CO2 in the air with operation of power plants and various scenarios of 
managed planting and harvesting of vegetation, principally different species of trees.  In 
this context, the vegetation that is planted is often called a carbon sink. 

• MEA has a contract with the Joint Global Change Research Institute78 to develop a 
primer on geologic CO2 sequestration and Maryland resources.  The Joint Global Change 

                                            
78 The Joint Global Change Research Institute http://www.globalchange.umd.edu/groups.html 
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Research Institute is collaboration between the University of Maryland and Pacific 
Northwest National Laboratory (PNNL), one of nine U.S. Department of Energy 
multiprogram national laboratories.  PNNL is operated by Battelle Science & Technology 
International. 

• The State of Maryland has recently joined the Midwest Regional Carbon Sequestration 
Partnership (MRCSP).79  MRCSP was established in October 2003 to assess the technical 
and economic potential, as well as public acceptability of carbon sequestration within the 
region defined by the member states: Indiana, Kentucky, Ohio, Pennsylvania, West 
Virginia and Maryland.  MRCSP is headed by Battelle Science & Technology 
International and partially (66%) funded by US DOE.  MRSP is in the middle of a two-
year, Phase 1 project that is scheduled to be completed by Fall 2005.  When the Phase 1 
project is completed, it is expected that promising technologies identified in Phase 1 will 
be validated with small-scale testing. 

7.3 CARBON CREDIT TRADING STUDY 
PPRP is currently studying the institution of a regulatory carbon credit trading program.  In 
such a program, producers of CO2 such as owners of power plants, would be given licensed 
limits that they would have to maintain based on units of CO2 emission called carbon credits.  
Those limits would be based on current emissions of CO2 and targets for reduction in CO2 
emissions. 

If a power plant owner were able to operate using fewer carbon credits than allowed under 
the regulation (through installation of equipment that improves efficiency for instance), those 
carbon credits could be sold to another power plant owner that could not meet the required 
limit.  The carbon credits could be bought and sold in a market system where supply and 
demand set the price. 

Carbon credits could be earned by creating CO2 sinks.  Thus, if a company wanted to add 
generating capacity to an existing plant that would increase the amount of CO2 generated, it 
could offset the CO2 released in part by planting trees as a carbon sink. 

An important aspect of a workable carbon credit trading program is the development of a 
systems of credits that quantifies the value of carbon sinks.  Another important aspect is 
accurate tracking and verification of the amount of CO2 actually produced.  Finally, carbon 
sequestration methods other than terrestrial using vegetation must be investigated. 

7.4 MARYLAND CLEAN ENERGY INCENTIVE ACT 
This program implements Maryland House Bill 20, the Maryland Clean Energy Incentive 
Act that offers tax credits for the following: 

• Energy Star® Appliances – Sales tax exemption on qualified Energy Star® room air 
conditioners and standard sized refrigerators purchased between January 2001 and June 
2004.  Reduces GHG production from electrical energy production by reducing electrical 
power demand. 

                                            
79 Midwest Regional Carbon Sequestration Partnership http://198.87.0.58/Mrcsp.aspx#2 
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• Highly Efficient Heating and Cooling Products – Sales tax is paid only by the contractor 
at wholesale rates rather than on the consumer directly.  This should reduce the cost 
charged to the consumer by the contractor.  The equipment listed below qualifies.  
Reduces GHG production from electrical energy production by reducing electrical power 
demand. 

► Electric heat pumps which have a Heating System Performance Factor (HSPF) of 7.5 
and a cooling season energy efficiency ratio of at least 13.5.  

► Central air conditioners with a cooling seasonal energy efficiency rating of at least 
13.5.  

► Natural gas heat pumps with a performance coefficient of at least 1.25 for heating and 
0.70 for cooling.  

► Advanced natural gas hot water heaters with an energy factor of at least 0.65.  

► Electric heat pump hot water heaters that yield an energy factor of at least 1.7.  

► Electricity-generating fuel cell systems with a generation efficiency greater than 35%. 

• Electric and Hybrid Vehicles – Does not apply to reduction of GHG from electric energy 
production. 

• Solar Energy Systems - Reduces GHG production from electrical energy production by 
reducing electrical power demand.  A State income tax credit of 15% is available on the 
installed cost up to $2,000 for PV systems that generate electricity, and $1,000 for solar 
hot water heating systems that meet performance and quality standards, and certification 
requirements specified by the Maryland Energy Administration.  Swimming pools and 
hot tubs are excluded. 

• Renewable Energy Production - Reduces GHG production from electrical energy 
production by reducing electrical power demand.  This provision provides an income tax 
credit for individuals or corporations that use a qualified energy resource to produce 
electricity.  Qualified resources may be used separately or combined with coal to produce 
power, and include energy sources such as wood and cellulose waste, poultry litter, and 
landfill gas.  Applied to facilities placed into service between 2001 and December 2004. 

7.5 GREEN BUILDING TAX CREDIT 
Maryland provides a tax credit for the construction of “green buildings.”  The credit is worth 
up to 8% of the total cost of the building.  To qualify as a green building, a building must be 
located in a priority funding area and meet the following criteria: 

• New Construction 

► At least 20,000 square feet  

► In a priority funding area or on a brownfields site  

► Not on wetlands  

► Leadership in Energy and Environmental Design (LEED), “Silver” or better. 
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• Rehabilitation 

► At least 20,000 square feet. 

► In a priority funding area, or a square footage increase of less than 25%  

► LEED Silver or better. 

 
LEED, developed by the U.S. Green Building Council80, represents all segments of the 
building industry and has the following rating system:  

• LEED certified projects achieve 40% or more core credits 

• LEED Silver projects achieve over 50% of the core credits 

• LEED Gold projects achieve over 60% of the core credits 

• LEED Platinum projects achieve over 80% of the core credits. 

 
There is no explicit mention of alternative energy, CHP, or renewable energy in the 
description of this program; however, the LEED standard does address energy and efficiency.  
The portions of the LEED rating system that are relevant to CHP and renewable energy are 
as follows: 

• Prerequisite - Minimum Energy Performance - Design the building to comply with 
ASHRAE/IESNA Standard 90.1-1999 (without amendments) or the local energy code, 
whichever is more stringent. 

• Credit 1 – (1 – 10 Points) – Optimize Energy Performance - Reduce design energy cost 
compared to the energy cost budget for energy systems regulated by ASHRAE/IESNA 
Standard 90.1-1999 (without amendments), as demonstrated by a whole building 
simulation using the Energy Cost Budget Method described in Section 11 of the 
Standard.  The points assigned are per Table 17. 

Table 17 - LEED Optimize Energy 
Performance Points 

New Bldgs. Existing Bldgs. Points 
15% 5% 1 
20% 10% 2 
25% 15% 3 
30% 20% 4 
35% 25% 5 
40% 30% 6 
45% 35% 7 
50% 40% 8 
55% 45% 9 
60% 50% 10 

 

                                            
80 U.S. Green Building Council, LEED: Leadership in Energy and Environmental Design 
http://www.usgbc.org/DisplayPage.aspx?CategoryID=19 
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• Credit 2.1 – (1 point) – Renewable Energy 5% - Supply at least 5% of the building’s total 
energy use by using on-site renewable energy systems.  Technologies that are acceptable 
for this credit include solar, wind, geothermal, low-impact hydro, biomass and bio-gas. 

• Credit 2.2 – (1 point in addition to Credit 2.1) – Renewable Energy 10% - Supply at least 
10% of the building’s total energy used under the same terms as credit 2.1. 

• Credit 2.3 – (1 point in addition to Credits 2.1 and 2.2) – Renewable Energy 20% - 
Supply at least 20% of the building’s total energy used under the same terms as credit 
2.1. 

7.6 INDUSTRIES OF THE FUTURE (IOF) 
The mission of the Maryland Industries of the Future (IOF) program is to “assist Maryland 
industries in saving energy, reducing waste, and increasing productivity by providing 
resources and information and through building partnerships.”81 

The Maryland program is an extension of the Federal government IOF program.  Nine 
industries are addressed in that Federal program: agriculture, aluminum, chemicals, forest 
products, glass, mining, metal-casting, petroleum refining, and steel.  The focus of the 
Maryland program is in two areas: increasing competitiveness through energy efficiency and 
working to obtain Federal funding for research and development projects that can improve 
industrial energy efficiency. 

An assessment of Maryland industry has been done as part of the program.  The result of that 
assessment is a report, “Maryland Industries of the Future Report: Industry Selection, Energy 
Characterization, and Needs Assessment.”81  There were three objectives of the work 
reported: 

• Select key Maryland industrial subsectors that the program should target 

• Characterize the energy consumption and energy efficiency habits of Maryland industry 

• Assess the needs and interests of industry to access training, best practices and other 
services to be offered under the IOF program. 

 
This assessment of industry in Maryland was done by a telephone survey of Maryland 
industry in August through October 2002.  Some of the important conclusions of this report 
are: 
 
• Six industry areas were identified as important in Maryland, including: 

► Forest products (including wood products and paper) 

► Petroleum refining 

► Chemicals 

► Non-metallic minerals (including glass and cement) 

                                            
81 Maryland Industries of the Future Report: Industry Selection, Energy Characterization, and Needs 
Assessment January 21, 2003, PA Government Services, Mark Oven and Bryan Zent 
http://www.energy.state.md.us/programs/industrial/iof/Maryland_IOF_Report.pdf 
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► Primary metals (including aluminum and steel, as well as foundries) 

► Food products (including beverages). 
 

• There is considerable room for improvement based on the following observations: 
 

► Much of Maryland industry is doing little to minimize energy consumption and the 
interest in improvement is not good.  Interest in training and services to be offered by 
the IOF program is poor as well. 

► The chemical industry is the one industry for which the greatest potential for 
improvement is possible. 

7.7 COMMUNITY ENERGY LOAN PROGRAM 
The Community Energy Load Program (CELP) has been in existence since 1989.  The 
principal focus of this program is to provide loans for projects that save energy, principally 
through improvements in heating and cooling systems, for institutional buildings owned by 
non-profit and local government organizations.  Typical candidate organizations include 
schools, community colleges, and hospitals.  The maximum amount of any single loan is 
approximately $400,000.  To date the program has made 36 loans totaling $7.5 million. 

7.8 FREE INDUSTRIAL ENERGY EFFICIENCY ASSESSMENTS 
The State coordinates free industrial energy efficiency assessments through an existing U.S. 
Department of Energy’s Industrial Assessment Centers (IACs).  IACs are universities that 
provide senior and graduate level engineering students, supported by engineering faculty, to 
perform free energy audits and industrial assessments.  The nearest IACs are currently at the 
University of West Virginia and Lehigh University.  Plans are being made for the University 
of Maryland to become an IAC. 

The University of Maryland already offers free on-site assessments for generation projects 
using CHP technologies.  These assessments are offered by the University of Maryland 
Center for Environmental Energy Engineering. 

7.9 SOLAR GRANT PROGRAM 
SB 485 became law on April 27, 2004.  This legislation establishes a solar energy grant 
program, which will be administered by MEA.  Through this program, which will take effect 
in January 2005, MEA will be able to provide grants to eligible individuals, businesses, and 
local governments to offset the cost of purchasing photovoltaic or solar water heating 
equipment.  Grant amounts will be limited to the lesser of: 

• 20% of system cost or $2,000 for solar water heating property 

• 20% of system cost or $3,000 for residential photovoltaics 

• 20% of system cost or $5,000 for non-residential photovoltaics 
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7.10 ENERGY EFFICIENCY STANDARDS 
HB 747 and SB 394 were passed in the 2003 Legislative Session, and implement new energy 
efficiency standards for the following products: 

• Ceiling fans 

• Commercial refrigerators 

• Exit signs 

• Traffic signals 

• Torchiere lamps 

• Packaged large heating, ventilation and air conditioning units 

• Commercial clothes washers 

 
MEA will implement and enforce the Maryland Energy Efficiency Standards Act, which will 
apply to the products listed above that are sold or installed in the State of Maryland. 

8 CONCLUSIONS AND RECOMMENDATIONS 
As is broadly recognized, there is no single technology or device that can significantly reduce 
the amount of CO2 produced by generating electric power in Maryland.  This does not mean, 
however, that significant reductions are not possible.  Rather, it means that in order to 
achieve a meaningful reduction in the production in CO2 from power generation in Maryland, 
a comprehensive plan should be developed that will address all aspects of the issue.  This 
statement is not meant to imply that there is not already considerable effort in progress in 
Maryland to improve energy efficiency and thus reduce GHG emissions.  There are many 
different efforts in progress already as described in Section 7.  Nonetheless, there is 
opportunity for improvement.   

Broadly, there are two areas that such a program should consider: minimizing the CO2 
produced by electric power generating facilities and reducing demand, or the rate of increase 
in demand, for electric power.  An area that spans both of these is CHP.  CHP offers the 
possibility of reducing overall consumption of electric power while increasing overall 
efficiency. 

8.1 MINIMIZING PRODUCTION OF CO2 FROM POWER PLANTS  
This area can be broken into two subsets: existing power plants and new power plants. 

8.1.1 Minimizing Production of CO2 from Existing Plants 
There are two ways to minimize the production of CO2 from existing power plants:  operate 
as efficiently as possible with given equipment and make equipment changes that will 
significantly increase the plant efficiency. 

The “Guidelines for Power Plant Efficiency Program Improvement & Monitoring” developed 
by PPRP as part of this project, describes a general methodology as well as providing 
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guidelines for development and implementation of programs to improve/maintain optimum 
plant efficiency. 

For most existing power plants there is little that can be done in the way of modifications to 
make large (more than a one to three percent) improvements in plant efficiency that can be 
cost justified.  Of the modifications that are possible to reduce CO2 emissions from existing 
plants, for those not already gas-fired, one of the most effective ways to reduce the CO2 
produced per kWh is to change to gas firing.  There are three issues associated with such a 
change: 

• First, since natural gas is now more expensive than other fuels, the cost of generation for 
a plant would increase.  

• Second, the capital cost of the modifications to make a fuel change to natural gas is 
significant.  Thus, combined with the cost of fuel, there is a significant economic penalty 
associated with such a change. 

• Finally, the desirability of making a significant faction of generating capacity in natural 
gas is a concern because of the historical uncertainty of natural gas supply and price. 

 
An option for existing plants in the area of major modifications is repowering.  A number of 
old existing plants have been re-powered by replacing the existing boiler with gas turbines 
and HRSGs, in effect converting the conventional Rankine cycle plant to a gas turbine 
combined cycle plant.  Such repowered plants tend to be more efficient than before the 
modification and, if the boiler to be replaced burns coal, can reduce production of CO2 from 
fuel as well as increased efficiency.  These re-powered plants are, however, usually less 
efficient than plants that are built “from scratch” as combined cycle plants.  The economics 
of re-powering existing plants must be weighed against those of building a new combined 
cycle plant.  Further, as pointed out above, if the boiler to be replaced burns coal, the cost of 
power from a re-powered plant will be higher after the modification than before.   

8.1.2 Minimizing Production of CO2 from New Plants 
Production of CO2 from new power plants can be minimized by building plants that are as 
efficient as possible and that burn fuel that produces as little CO2 as possible.  The current 
technology that meets these two criteria is the combined cycle plant operating with natural 
gas.  Combined cycle plants can be built to burn oil as well as natural gas, albeit with slightly 
reduced efficiency and increased production of CO2 per kWH.  This is an advantage because 
it makes the plant less dependent on the availability of natural gas supplies and its price. 

There is an advantage in the initial cost of these plants as compared to coal-fired plants.  EIA 
estimates $516/kW capacity for conventional natural gas combined-cycle technology and 
$1,091/kW capacity for coal-steam technology (“Energy Information 
Administration/Assumptions to the Annual Energy Outlook 2004,” Table 38).82  The cost 
differential between coal and natural gas is expected to fall in the next few years but over the 

                                            
82 Assumptions for the Annual Energy Outlook 2004 with Projections to 2025, Table 38, pg 71 
http://www.eia.doe.gov/oiaf/aeo/assumption/pdf/0554(2004).pdf 
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long term (to 2025) the gap is expected to remain significant (EIA’s Annual Energy Outlook 
2004 - With Projections to 2025 - January 2003, page 83).83  

For new power plants, consideration should be given to the use of technologies that do not 
produce any CO2.  For technologies that are of the scale of commercial plants now in 
operation, one of the most promising technologies is wind turbines.  The other great 
advantage of wind power is the fact that there is no fuel required and so it is possible for 
power generated from wind turbines to be competitive in price with power from coal-fired 
power plants.  A disadvantage of wind power is, of course, its intermittent nature and its 
potential for adverse impacts to local avian wildlife.   

Another consideration regarding wind turbines in Maryland is the fact that the locations 
where wind turbines are feasible are far from the load centers in Maryland.  This is 
undesirable from the perspective of the electrical transmission system since losses increase as 
the distance of transmission increases.  Further, when large amounts of generation are located 
at points far from the load center, the reactive power demand on the system increases.  These 
reactive power increases must be supplied from other generators.  A characteristic of electric 
generators is that when they are being operated at or near maximum real power output, it is 
often necessary to reduce real output to increase the reactive power generation.  This can 
create a situation where other generators that are close to the load center must reduce real 
power output in order to generate reactive power.  Such reductions in real power output result 
in reduction in efficiency.  Since these plants that are close to the load center are fossil-fired 
plants, production of CO2/kWH would increase, offsetting some of the benefits of the wind 
turbines. 

Other technologies such as PV solar power are options for new generation without CO2 
production; however, those technologies are not economically competitive at this writing.  As 
an example, using the BP Solar “Solar Savings Estimator”84 the cost of a 3-kW PV system 
installed on a home with a monthly electric bill that averages between $150 to $200 per 
month in Columbia, Maryland is $25,250 after the $1,500 state tax rebate.  The estimated 
annual savings from this system are estimated at $264 from generation and $548 from taxes.  
At this rate it would take over 30 years of savings to pay back the initial cost of the system. 

MEA estimates that PV generating capacity cost to be $5 to $10 as compared to the $536 to 
$1,367 per kilowatt of capacity (about $0.54 to $1.37 per watt) for conventional generating 
plants.  MEA further estimates that PV electric power would cost $0.18 to $0.50 per kWH as 
compared to $0.07 to $0.09 per kWH for conventional generation.  Further, some of the 
practical aspects of these technologies, such as the amount of area required (measured in 
square miles) for solar energy facilities that would have capacities comparable to existing 
fossil power plants, make them impractical. 

                                            
83 EIA’s Annual Energy Outlook 2004 - With Projections to 2025 - January 2004, page 83 
http://www.eia.doe.gov/oiaf/aeo/index.html 
84 BP Solar, Solar Economics, Solar Savings Estimator 
http://www.bpsolar.com/homesolutions/solarsavingsestimator.cfm 
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8.2 COMBINED HEAT AND POWER 
One of the most promising areas for reduction of CO2 is CHP applications, especially those 
applied to large buildings such as commercial office space, malls, supermarkets, schools and 
hospitals where the economies of scale would make the application economically feasible.  
All of these facilities have significant heating and cooling loads as well as electric power 
demand.  Manufacturers are developing commercially available packages with microturbines 
that include generation, heating and cooling capabilities using absorption chillers and 
desiccant dehumidification.  The economics of these packages are dependent on fuel costs 
and since most microturbine applications use natural gas, they may be difficult to justify in 
spite of demonstrated CHP efficiencies of over 70% and higher. 

Another area where CHP opportunities should be investigated is industrial applications.  The 
opportunities for CHP are dependent on the facility being considered and so there is no single 
technology that is appropriate for all cases.  It is reasonable to assume, however, that there 
are many industrial plants where there are processes that have low temperature heat energy 
that is being wasted.  Technologies such as Stirling engines, absorption chillers, the Kalina 
cycle and related cycles such as those developed by Energy Concepts in Maryland85 are all 
options that could be used to capture that low temperature heat energy to either generate 
electrical energy or reduce the electrical demand.  The determination of where such 
opportunities exist and their economic feasibility must be determined on a case-by-case 
basis. 

One area of regulation that can influence the economics of CHP is net metering.  Currently 
net metering in Maryland applies only to photovoltaic, wind energy  and qualified biomass 
systems and has significant limitations (no more than 200 kW per installation, 500 kW with 
petition, with a total of no more than 0.2% of the total generating capacity in Maryland in 
1998). 

It should be noted that with the current difference in the price of electrical energy and natural 
gas (often called the spark spread) in Maryland, many experts in the economics of CHP have 
determined that it is difficult to cost justify CHP.  This may mean that the opportunities for 
CHP are limited, but it does not mean that there are no opportunities.  The key to 
identification of those opportunities is educating the owners of facilities where the 
opportunities may exist.  A systematic survey of facilities that have potential for CHP 
applications could help to identify potential sites.  Once the sites are identified, the 
management of those sites could be introduced to the potential benefits of CHP and a survey 
could be done, perhaps through the University of Maryland CEEE as described in Section 7.8 
or IACs as described in Section 7.8, to determine what, if any CHP potential, exists. 

 

                                            
85 Energy Concepts http://www.energy-concepts.com 



 

 70 PPRP-0002598 – 8/18/05 

 

8.3 MARYLAND STATE LEGISLATION 
Legislative initiatives that have been put in place that are limited and/or which are ending 
their planned lives should be reviewed for possible extension and widening of scope.  The 
legislation involved includes the following: 

• Provisions of the Maryland Clean Energy Incentive Act that provide 15% tax credit for 
photovoltaic or solar systems on installed costs up to $2,000 for photovoltaic systems, 
and $1,000 for solar water heating systems that expired in December 2004 could be  
considered for reinstitution. 

• Provisions of the Maryland Clean Energy Incentive Act that provide sales tax exemption 
on qualified Energy Star® room air conditioners and standard sized refrigerators that 
expired in June 2004 could be considered for reinstitution. 

• Provisions of the Maryland Clean Energy Incentive Act that provide an income tax credit 
for individuals or corporations that use a qualified energy resource (such as landfill gas or 
poultry litter) that expired in December 2004 could be considered for reinstitution. 

• Net metering legislation is currently as follows: 

► Only photovoltaics, wind power and qualified biomass systems are covered, not any 
other type of generation, including CHP, or small hydro power. 

► There are limits of 200 kW per installation (500 kW with petition) and a total 
capacity limit of 0.2% of 1998 State capacity 

Elimination of these restrictions could be considered to allow greater incentive for CHP 
applications that would likely be installed in non-residential buildings and institutions. 
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Maryland Power Plant Inventory 
Based on PPRP Electricity in Maryland Fact Book February 2004 

Owner Plant Name No. Of Units & Primary Fuel Types 
Nameplate 

Capacity (MW) 
Allegheny Energy Supply R.P. Smith 2- Steam (Coal) 110 
Conectiv Energy  Crisfield 4 - Internal Combustion (DFO) 12 
Constellation Generation 
Group Brandon Shores 2- Steam (Coal) 1370 
  Calvert Cliffs 2 - Steam (Nuclear) 1829 
  C.P. Crane 2- Steam (Coal) 400 
    1 - Combustion Turbine (DFO) 16 
  Gould Street 2 - Steam (RFO) 104 
  Notch Cliff 8 - Combustion Turbine (NG) 144 
  Perryman 4 - Combustion Turbine (DFO) 212 

    
1 - Combined Cycle Combustion Turbine 
(DFO) 192 

  Riverside 1 - Steam (NG) 72 
    2 - Combustion Turbine (DFO) 50 
    1 - Combustion Turbine (Ker) 122 
  H.A. Wagner 2 - Steam (Coal) 495 
    2 - Steam (RFO) 548 
    1 - Combustion Turbine (DFO) 16 
  Westport 2 - Steam (NG) 122 

  
Philadelphia 
Road 4 - Combustion Turbine (DFO) 83 

Berlin Berlin 5 - Internal Combustion (DFO) 9 
Easton Utilities Easton 7 - Internal Combustion (DFO) 15 
    5 - Internal Combustion (DFO) 21 
    4 - Internal Combustion (DFO) 25 
ODEC/Con Ed Rock Springs 4 - Combustion Turbine (NG) 680 
SMECO SMECO 1 - Combustion Turbine (NG) 84 
AES Enterprise Warrior Run 1 - Steam (Coal) 229 
Exelon Generation Co. Conowingo 11 - Hydraulic Turbine 474 
Mirant Chalk Point 2 - Steam (Coal) 728 
    2 - Steam (RFO) 1318 
    2 - Combustion Turbine (DFO) 51 
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Maryland Power Plant Inventory 
Based on PPRP Electricity in Maryland Fact Book February 2004 

Owner Plant Name No. Of Units & Primary Fuel Types 
Nameplate 

Capacity (MW) 
    5 - Combustion Turbine (NG) 550 
  Dickerson 3 - Steam (Coal) 588 
    2 - Combustion Turbine (DFO) 326 
    1 - Combustion Turbine (DFO) 16 
  Morgantown 2 - Steam (Coal) 1252 
    6 - Combustion Turbine (DFO) 296 
NRG Energy Vienna 1 - Steam (RFO) 162 
    1 - Combustion Turbine (DFO) 21 

Panda Energy 
Panda 
Brandywine 

1 - Combined Cycle Combustion Turbine 
(NG) 197 

    2 - Combined Cycle Steam (NG) 91 
Reliant Energy Deep Creek 2 - Hydraulic Turbine (Hydro) 20 
        
    Total 13050 

 

Fuel Type Legend: 

NG – Natural Gas 

DFO – Dual Fuel, natural gas or oil 

Hydro – Hydraulic turbine/water 

Coal  - Coal 

Ker – Kerosene 

Nuclear – Nuclear 

RFO – Residual oil 

This page intentionally blank for double sided printing 

Note that this listing does not include “Self Generators and units fueled by refuse derived fuels. 
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This Appendix has three tables, one each for the years 2000, 2001 and 2002.  The columns in these tables are as follows: 

• Owner – Owner of the power plant – from EIA-906 

• Plant – Power Plant Name – from EIA-906 

• Prime Mover – Prime mover type – from EIA-906 

► ST - Steam Turbine 

► GT – Gas Turbine 

► IC – Internal Combustion Engine 

► CC – Combined Cycle 

• Fuel Type – from EIA-906 

► BIT COAL – Bituminous coal 

► LIGHT OIL – Light (#2) fuel oil 

► HEAVY OIL – Heavy (#6) fuel oil 

► NAT GAS – Natural gas 

• Net Generation MWH – Generation for the year in MWH, for each unit and totaled for each plant – from EIA-906 

• Fuel Consumption – Fuel Consumed, by unit – from EIA-906 

► BIT – short tons 

► FO2 – 42 gallon barrel 

► FO6 – 42 gallon barrel 

► NG - MSCF 

• CO2 (lbs) – By unit and totaled for plant, the product of the Fuel Consumption and the emission coefficient for the fuel burned - 
Calculated 

• BTU – BTUs generated based on “Total consumed” and heating value, for each unit and totaled for each plant - Calculated 

• Heat Rate BTU/kWH – Calculated for each plant, BTU divided by (Total Gen MWH x 1,000 kWH/MWH) - Calculated 

• CO2 Tot (Ton) – Tons of CO2 produced for each plant - Calculated 
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• Total Gen MWH – Total generation in MWH for each plant – Calculated 

• eGRID HR – Heat Rate from eGRID 

• eGRID CO2 – CO2 in tons from eGRID 

• eGRID total gen – Plant Total Generation in MWH from eGRID 

 

The version of eGRID used was eGRID 2000 Version 2.0 dated September 2001 

 

EIA-906 and Calculated Data eGRID Data 

Owner Plant 

Prime 
Move

r 
Fuel 
Type   

Net 
Gener-
ation 

Fuel Con-
sumption CO2 (lbs) BTU 

Heat 
Rate 

BTU/k
WH 

CO2 Tot 
(Tons) 

Total Gen 
MWH 

eGRID 
HR eGRID CO2 

eGRID 
total gen 

                              
Constellation?
? 

Brandon 
Shores ST 

BIT 
COAL   8460488 3403618 8605098.7 8.1256E+13             

Baltimore Gas 
and Electric 
Co. 

Brandon 
Shores ST 

LIGHT 
OIL   22847 41166 19485.23 2.3989E+11       

eGRID 
HR eGRID CO2 

eGRID total 
gen 

        Totals 8483335   8624584 8.1496E+13 9,607 8624584 8483335 11,224 9,769,550.00 8,483,335 
                      difference -1,617 -1,144,966 0 
Baltimore Gas 
and Electric 
Co. C. P. Crane ST 

BIT 
COAL   1938299 731928 1850475.8 1.7474E+13     difference% -14.41% -11.72% 0.00% 

Baltimore Gas 
and Electric 
Co. C. P. Crane ST 

LIGHT 
OIL   6041 10803 5113.4175 6.2954E+10             

Baltimore Gas 
and Electric 
Co. C. P. Crane GT 

LIGHT 
OIL   1730 2971 1406.2726 1.7313E+10       

eGRID 
HR eGRID CO2 

eGRID total 
gen 

        Totals 1946070   1856995 1.7554E+13 9,020 1856995 1946070 11,871 2,369,969.23 1,946,070 
                      difference -2,851 -512,974 0 
Baltimore Gas 
and Electric 
Co. Calvert Cliffs ST 

NUCLEA
R   7207003 0         difference% -24.02% -21.64% 0.00% 

Baltimore Gas 
and Electric 
Co. Calvert Cliffs ST 

NUCLEA
R   6005964 0                 

        Totals 
1321296

7           13212967       
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EIA-906 and Calculated Data eGRID Data 

Owner Plant 

Prime 
Move

r 
Fuel 
Type   

Net 
Gener-
ation 

Fuel Con-
sumption CO2 (lbs) BTU 

Heat 
Rate 

BTU/k
WH 

CO2 Tot 
(Tons) 

Total Gen 
MWH 

eGRID 
HR eGRID CO2 

eGRID 
total gen 

Baltimore Gas 
and Electric 
Co. Gould Street ST 

HEAVY 
OIL   63335 117336 64249.144 7.2605E+11             

Baltimore Gas 
and Electric 
Co. Gould Street ST 

LIGHT 
OIL   11 25 11.833328 145687290             

Baltimore Gas 
and Electric 
Co. Gould Street ST 

NAT 
GAS   25769 315188 19773.375 3.3715E+11       

eGRID 
HR eGRID CO2 

eGRID total 
gen 

        Totals 89115   84034 1.0633E+12 11,932 84034 89115 12,723 85,206.00 89,115 
                      difference -791 -1,172 0 
Baltimore Gas 
and Electric 
Co. 

H.A. 
Wagner ST 

BIT 
COAL   2978987 1118890 2828801.3 2.6712E+13     difference% -6.21% -1.38% 0.00% 

Baltimore Gas 
and Electric 
Co. 

H.A. 
Wagner ST 

HEAVY 
OIL   345184 632299 346225.11 3.9126E+12             

Baltimore Gas 
and Electric 
Co. 

H.A. 
Wagner ST 

LIGHT 
OIL   8 17 8.0466627 99067357.2             

Baltimore Gas 
and Electric 
Co. 

H.A. 
Wagner GT 

LIGHT 
OIL   836 2391 1131.7394 1.3934E+10             

Baltimore Gas 
and Electric 
Co. 

H.A. 
Wagner ST 

NAT 
GAS   71554 1057834 66363.403 1.1315E+12       

eGRID 
HR eGRID CO2 

eGRID total 
gen 

        Totals 3396569   3242530 3.177E+13 9,353 3242530 3396569 11,040 3,726,364.87 3,396,569 
                      difference -1,687 -483,835 0 
                      difference% -15.28% -12.98% 0.00% 
                              
Baltimore Gas 
and Electric 
Co. Notch Cliff GT 

NAT 
GAS   13697 242227 15196.154 2.591E+11       

eGRID 
HR eGRID CO2 

eGRID total 
gen 

        Totals 13697   15196 2.591E+11 18,917 15196 13697 18,420 14,291.39 13,697 
                      difference 497 905 0 
                      difference% 2.70% 6.33% 0.00% 
                              
Baltimore Gas 
and Electric 
Co. Perryman GT 

LIGHT 
OIL   18683 51273 24269.208 2.9879E+11             

Baltimore Gas 
and Electric Perryman GT 

NAT 
GAS   87095 955489 59942.772 1.0221E+12       

eGRID 
HR eGRID CO2 

eGRID total 
gen 
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EIA-906 and Calculated Data eGRID Data 

Owner Plant 

Prime 
Move

r 
Fuel 
Type   

Net 
Gener-
ation 

Fuel Con-
sumption CO2 (lbs) BTU 

Heat 
Rate 

BTU/k
WH 

CO2 Tot 
(Tons) 

Total Gen 
MWH 

eGRID 
HR eGRID CO2 

eGRID 
total gen 

Co. 

        Totals 105778   84212 1.3208E+12 12,487 84212 105778 19,182 155,061.38 105,778 
                      difference -6,695 -70,849 0 
                      difference% -34.90% -45.69% 0.00% 
                              
Baltimore Gas 
and Electric 
Co. 

Philadelphia 
Road GT 

LIGHT 
OIL   3391 9710 4596.0644 5.6585E+10       

eGRID 
HR eGRID CO2 

eGRID total 
gen 

        Totals 3391   4596 5.6585E+10 16,687 4596 3391 16,706 4,710.32 3,391 
                      difference -19 -114 0 
                      difference% -0.11% -2.43% 0.00% 
                              
Baltimore Gas 
and Electric 
Co. Riverside GT 

LIGHT 
OIL   844 4905 2321.6989 2.8584E+10             

Baltimore Gas 
and Electric 
Co. Riverside ST 

NAT 
GAS   14766 127678 8009.9019 1.3657E+11             

Baltimore Gas 
and Electric 
Co. Riverside GT 

NAT 
GAS   7238 110281 6918.4981 1.1796E+11       

eGRID 
HR eGRID CO2 

eGRID total 
gen 

        Totals 22848   17250 2.8312E+11 12,391 17250 22848 14,502 20,055.00 22,848 
                      difference -2,111 -2,805 0 
                      difference% -14.55% -13.99% 0.00% 
                              
Baltimore Gas 
and Electric 
Co. Westport GT 

NAT 
GAS   10236 188067 11798.417 2.0117E+11       

eGRID 
HR eGRID CO2 

eGRID total 
gen 

        Totals 10236   11798 2.0117E+11 19,653 11798 10236 19,137 11,095.95 10,236 
                      difference 516 702 0 
                      difference% 2.70% 6.33% 0.00% 
                              

Conectiv Vienna ST 
HEAVY 
OIL   199346 393857 215662.5 2.4371E+12             

Delmarva 
Power & Light 
Co. Vienna GT 

LIGHT 
OIL   1512 4177 1977.1124 2.4341E+10       

eGRID 
HR eGRID CO2 

eGRID total 
gen 

        Totals 200858   217640 2.4615E+12 12,255 217640 200858 15,377 250,053.26 200,858 
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EIA-906 and Calculated Data eGRID Data 

Owner Plant 

Prime 
Move

r 
Fuel 
Type   

Net 
Gener-
ation 

Fuel Con-
sumption CO2 (lbs) BTU 

Heat 
Rate 

BTU/k
WH 

CO2 Tot 
(Tons) 

Total Gen 
MWH 

eGRID 
HR eGRID CO2 

eGRID 
total gen 

                      difference -3,122 -32,414 0 
Potomac 
Edison Co. DAM NO5 HY     6438 0         difference% -20.30% -12.96% 0.00% 
Potomac 
Edison Co. LURAY HY     5261 0                 
Potomac 
Edison Co. MILLVILLE HY     8633 0                 
Potomac 
Edison Co. NEWPORT HY     5025 0                 
                              
                              
Potomac 
Edison Co. R.P. Smith ST 

BIT 
COAL   255355 122720 310263.29 2.9297E+12             

Potomac 
Edison Co. R.P. Smith ST 

LIGHT 
OIL   1386 2678 1267.586 1.5606E+10       

eGRID 
HR eGRID CO2 

eGRID total 
gen 

        Totals 256741   311531 2.9453E+12 11,472 311531 256741 11,993 315,917.00 256,741 
                      difference -521 -4,386 0 
Potomac 
Edison Co. 

SHENANDO
AH HY     2203 0         difference% -4.34% -1.39% 0.00% 

Potomac 
Edison Co. WARREN HY     1204 0                 

Mirant?? BENNING ST 
HEAVY 
OIL   53014 125679 68817.483 7.7768E+11             

Potomac 
Electric Power 
Co. BENNING ST 

LIGHT 
OIL   335 7395 3500.2983 4.3094E+10             

Potomac 
Electric Power 
Co. 

BUZZARD 
PT GT 

LIGHT 
OIL   17312 63502 30057.599 3.7006E+11             

                              
Potomac 
Electric Power 
Co. Chalk Point ST 

BIT 
COAL   3608805 1342690 3394617.1 3.2054E+13             

Potomac 
Electric Power 
Co. Chalk Point ST 

HEAVY 
OIL   609857 1224294 670381.14 7.5757E+12             

Potomac 
Electric Power 
Co. Chalk Point ST 

LIGHT 
OIL   36599 77596 36728.755 4.5219E+11             

Potomac 
Electric Power 
Co. Chalk Point GT 

LIGHT 
OIL   33388 82994 39283.807 4.8365E+11             

Potomac Chalk Point ST NAT   331497 4035653 253177.41 4.3168E+12             
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EIA-906 and Calculated Data eGRID Data 

Owner Plant 

Prime 
Move

r 
Fuel 
Type   

Net 
Gener-
ation 

Fuel Con-
sumption CO2 (lbs) BTU 

Heat 
Rate 

BTU/k
WH 

CO2 Tot 
(Tons) 

Total Gen 
MWH 

eGRID 
HR eGRID CO2 

eGRID 
total gen 

Electric Power 
Co. 

GAS 

Potomac 
Electric Power 
Co. Chalk Point GT 

NAT 
GAS   197533 2504699 157132.74 2.6792E+12       

eGRID 
HR eGRID CO2 

eGRID total 
gen 

        Totals 4817679   4551321 4.7562E+13 9,872 4551321 4817679 12,201 5,378,676.63 4,817,679 
                      difference -2,329 -827,356 0 
Potomac 
Electric Power 
Co. Dickerson ST 

BIT 
COAL   3295077 1207101 3051818.2 2.8818E+13     difference% -19.09% -15.38% 0.00% 

Potomac 
Electric Power 
Co. Dickerson ST 

LIGHT 
OIL   5688 9418 4457.8511 5.4883E+10             

Potomac 
Electric Power 
Co. Dickerson GT 

LIGHT 
OIL   17224 43813 20738.143 2.5532E+11             

Potomac 
Electric Power 
Co. Dickerson GT 

NAT 
GAS   115533 1433058 89903.147 1.5329E+12       

eGRID 
HR eGRID CO2 

eGRID total 
gen 

        Totals 3433522   3166917 3.0661E+13 8,930 3166917 3433522 11,118 3,771,068.11 3,433,522 
                      difference -2,188 -604,151 0 
Potomac 
Electric Power 
Co. Morgantown ST 

BIT 
COAL   6857331 2489865 6294929.1 5.9441E+13     difference% -19.68% -16.02% 0.00% 

Potomac 
Electric Power 
Co. Morgantown ST 

HEAVY 
OIL   0 0 0 0             

Potomac 
Electric Power 
Co. Morgantown ST 

LIGHT 
OIL   26747 43683 20676.61 2.5456E+11             

Potomac 
Electric Power 
Co. Morgantown GT 

LIGHT 
OIL   57473 213051 100844.09 1.2416E+12       

eGRID 
HR eGRID CO2 

eGRID total 
gen 

        Totals 6941551   6416450 6.0937E+13 8,779 6416450 6941551 10,254 7,273,860.04 6,941,551 
                      difference -1,475 -857,410 0 
                      difference% -14.39% -11.79% 0.00% 
Legend                             
Prime Movers                             

ST 
Steam 
Turbine                           

GT Gas Turbine                           
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EIA-906 and Calculated Data eGRID Data 

Owner Plant 

Prime 
Move

r 
Fuel 
Type   

Net 
Gener-
ation 

Fuel Con-
sumption CO2 (lbs) BTU 

Heat 
Rate 

BTU/k
WH 

CO2 Tot 
(Tons) 

Total Gen 
MWH 

eGRID 
HR eGRID CO2 

eGRID 
total gen 

HY 
Hydraulic 
Turbine                           

Units for fuel 
consumed                             
BIT COAL 
(Bituminous 
Coal) short tons                           
LIGHT OIL  
(#2 fuel oil) 

42 gallon 
barrel                           

HEAVY OIL  
(#6 fuel Oil) 

42 gallon 
barrel                           

NAT GAS 
(Natural Gas) MSCF                           
                              
Net 
Generation MWH                           
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This Appendix has three tables, one each for the years 2000, 2001 and 2002.  The columns in these tables are as follows: 

• Owner Name – Owner of the power plant – from EIA-906 

• Plant Name – Power Plant Name – from EIA-906 

• Prime Mover – Prime mover type – from EIA-906 

► ST - Steam Turbine 

► GT – Gas Turbine 

► IC – Internal Combustion Engine 

► CC – Combined Cycle 

• Fuel Type – from EIA-906 

► BIT – Bituminous coal 

► FO2 – Light (#2) fuel oil 

► FO6 – Heavy (#6) fuel oil 

► NG – Natural gas 

• Total Gen MWH – Generation for the year in MWH, for each unit and totaled for each plant – from EIA-906 

• Total consumed – Fuel Consumed, by unit – from EIA-906 

► BIT – short tons 

► FO2 – 42 gallon barrel 

► FO6 – 42 gallon barrel 

► NG - MSCF 

• CO2 tons – By unit and totaled for plant, the product of the Total Consumed and the emission coefficient for the fuel burned - 
Calculated 

• BTU – BTUs generated based on “Total consumed” and heating value, for each unit and totaled for each plant - Calculated 

• Heat Rate BTU/kWH – Calculated for each plant, BTU divided by (Total Gen MWH x 1,000 kWH/MWH) - Calculated 
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• CO2 Tot Tons – Tons of CO2 produced for each plant - Calculated 

• Total Gen – Total generation in MWH for each plant - Calculated 

 
Maryland 2000 EIA-906 Data and Calculations 

Owner Name Plant Name 
Prime 
Mover 

Fuel 
Type   

Total 
Gen 

MWH 
Fuel 

consumed CO2 tons BTU 
Heat Rate 
BTU/kWH 

CO2 Tot 
Tons Total Gen 

AES Warrior Run Inc 
AES Warrior Run 
Cogeneration Facility ST BIT   1398346 650433 1644438.4 1.553E+13       

AES Warrior Run Inc 
AES Warrior Run 
Cogeneration Facility ST FO2   2050 4095 1938.299 2.386E+10       

        Totals 1400396   1646377 1.555E+13 11,105 1646377 1400396 
                        
Allegheny Energy Supply Co R Paul Smith ST BIT   529058 242740 613700.38 5.795E+12       
Allegheny Energy Supply Co R Paul Smith ST FO2   1776 3459 1637.2592 2.016E+10       
        Totals 530834   615338 5.815E+12 10,955 615338 530834 
                        
Conectiv Energy Supply Inc Crisfield IC FO2                 
                        
Constellation Power Source Brandon Shores ST BIT   8322706 3388177 8566060.5 8.089E+13       
Constellation Power Source Brandon Shores ST FO2   18709 36134 17103.418 2.106E+11       
        Totals 8341415   8583164 8.11E+13 9,722 8583164 8341415 
                        
Constellation Power Source C P Crane ST BIT   2185477 841083 2126443.8 2.008E+13       
Constellation Power Source C P Crane ST FO2   2670 5455 2582.0321 3.179E+10       
Constellation Power Source C P Crane GT FO2   1232 3659 1731.9258 2.132E+10       
        Totals 2189379   2130758 2.013E+13 9,196 2130758 2189379 
Constellation Power Source Gould Street ST FO2   0 0 0 0       
Constellation Power Source Gould Street ST FO6   72450 146789 80376.591 9.083E+11       
Constellation Power Source Gould Street ST NG   20185 271625 17040.442 2.905E+11       
        Totals 92635   97417 1.199E+12 12,942 97417 92635 
                        
Constellation Power Source H A Wagner ST BIT   3077923 1164309 2943630.5 2.78E+13       
Constellation Power Source H A Wagner ST FO2   0 0 0 0       
Constellation Power Source H A Wagner GT FO2   923 3039 1438.4593 1.771E+10       
Constellation Power Source H A Wagner ST FO6   453341 908013 497196.58 5.619E+12       
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Maryland 2000 EIA-906 Data and Calculations 

Owner Name Plant Name 
Prime 
Mover 

Fuel 
Type   

Total 
Gen 

MWH 
Fuel 

consumed CO2 tons BTU 
Heat Rate 
BTU/kWH 

CO2 Tot 
Tons Total Gen 

Constellation Power Source H A Wagner ST NG   44687 648436 40679.747 6.936E+11       
        Totals 3576874   3482945 3.413E+13 9,541 3482945 3576874 
                        
Constellation Power Source Notch Cliff GT NG   10180 173451 10881.479 1.855E+11       
        Totals 10180   10881 1.855E+11 18,225 10881 10180 
                        
Constellation Power Source Perryman GT FO2   44353 92272 43675.392 5.377E+11       
Constellation Power Source Perryman GT NG   106900 1142306 71662.769 1.222E+12       
        Totals 151253   115338 1.76E+12 11,633 115338 151253 
                        
Constellation Power Source Philadelphia Road GT FO2   5888 15906 7528.8363 9.269E+10       
        Totals 5888   7529 9.269E+10 15,743 7529 5888 
                        
Constellation Power Source Riverside GT FO2   8284 22389 10597.455 1.305E+11       
Constellation Power Source Riverside ST NG   6032 97342 6106.7676 1.041E+11       
Constellation Power Source Riverside GT NG   7145 117108 7346.7911 1.253E+11       
        Totals 21461   24051 3.599E+11 16,768 24051 21461 
                        
Constellation Power Source Westport GT NG   10871 191361 12005.066 2.047E+11       
        Totals 10871   12005 2.047E+11 18,829 12005 10871 
                        
Mirant Chalk Point ST BIT   2891046 1177846 2977855.1 2.812E+13       
Mirant Chalk Point ST FO2   58009 114708 54295.093 6.685E+11       
Mirant Chalk Point GT FO2   33673 62087 29387.832 3.618E+11       
Mirant Chalk Point ST FO6   562438 935110 512033.96 5.786E+12       
Mirant Chalk Point ST NG   1295601 14082225 883450.88 1.506E+13       
Mirant Chalk Point GT NG   357658 3810949 239080.56 4.076E+12       
        Totals 5198425   4696103 5.408E+13 10,402 4696103 5198425 
                        
Delmarva Power & Light Co. Vienna GT FO2   3385 8712 4123.678 5.077E+10       
Delmarva Power & Light Co. Vienna ST FO6   271349 523971 286908.44 3.242E+12       
        Totals 274734   291032 3.293E+12 11,986 291032 274734 
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Maryland 2000 EIA-906 Data and Calculations 

Owner Name Plant Name 
Prime 
Mover 

Fuel 
Type   

Total 
Gen 

MWH 
Fuel 

consumed CO2 tons BTU 
Heat Rate 
BTU/kWH 

CO2 Tot 
Tons Total Gen 

Panda Brandywine, LP Panda Brandywine LP CC NG   282161 0 0 0       
Panda Brandywine, LP Panda Brandywine LP CT NG   500026 5946924 373081.33 6.361E+12       
        Totals 782187   373081 6.361E+12 8,133 373081 782187 
                        
Mirant Dickerson ST BIT   2642914 1019437 2577362.1 2.434E+13       
Mirant Dickerson ST FO2   10186 18424 8720.689 1.074E+11       
Mirant Dickerson GT FO2   3894 6893 3262.6851 4.017E+10       
Mirant Dickerson GT NG   104293 1046233 65635.612 1.119E+12       
        Totals 2761287   2654981 2.56E+13 9,272 2654981 2761287 
                        
Mirant Morgantown ST BIT   7323221 2567134 6490282.3 6.129E+13       
Mirant Morgantown ST FO2   20851 34635 16393.892 2.018E+11       
Mirant Morgantown GT FO2   41386 68485 32416.217 3.991E+11       
Mirant Morgantown ST FO6   194527 278087 152270.84 1.721E+12       
Mirant Morgantown GT NG   0 0 0 0       
        Totals 7579985   6691363 6.361E+13 8,392 6691363 7579985 
                        
                  Totals 31,432,364 32,927,803 
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Maryland 2001 EIA-906 Data and Calculations 

Owner Name Plant Name 
Prime 
Mover 

Fuel 
Type   

Total 
Gen 

MWH 
Fuel 

consumed CO2 tons BTU 
Heat Rate 
BTU/kWH 

CO2 Tot 
Tons Total Gen 

AES WR Ltd Partnership 
AES Warrior Run 
Cogeneration Facility ST BIT   1447288 677319 1712412.2 1.61699E+13       

AES WR Ltd Partnership 
AES Warrior Run 
Cogeneration Facility ST FO2   2620 4400 2082.6656 25640963040       

        Totals 1449908   1714495 1.61955E+13 11,170 1714495 1449908 
                        
Allegheny Energy Unit 1&2 
LLC R Paul Smith ST BIT   526046 258501 653547.67 6.17128E+12       
Allegheny Energy Unit 1&2 
LLC R Paul Smith ST FO2   3702 6321 2991.9385 36835574404       
        Totals 529748   656540 6.20812E+12 11,719 656540 529748 
                        
Conectiv Energy Supply Inc Crisfield IC FO2                 
                        
                        
Constellation Power Source 
Gen Brandon Shores ST BIT   8535824 3525347 8912856.6 8.41618E+13       
Constellation Power Source 
Gen Brandon Shores ST FO2   27193 40930 19373.524 2.38519E+11       
        Totals 8563017   8932230 8.44003E+13 9,856 8932230 8563017 
                        
Constellation Power Source 
Gen C P Crane ST BIT   2231371 844668 2135507.4 2.0165E+13       
Constellation Power Source 
Gen C P Crane v FO2   3156 5608 2654.452 32680572893       
Constellation Power Source 
Gen C P Crane GT FO2   1544 6601 3124.4718 38467272052       
        Totals 2236071   2141286 2.02362E+13 9,050 2141286 2236071 
                        
Constellation Power Source 
Gen Gould Street ST FO2   0 0 0 0       
Constellation Power Source 
Gen Gould Street ST FO6   167444 309818 169645.64 1.9171E+12       
Constellation Power Source 
Gen Gould Street ST NG   21126 266443 16715.349 2.85005E+11       
        Totals 188570   186361 2.2021E+12 11,678 186361 188570 
                        
Constellation Power Source 
Gen H A Wagner ST BIT   2652936 1040482 2630568.5 2.48398E+13       
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Maryland 2001 EIA-906 Data and Calculations 

Owner Name Plant Name 
Prime 
Mover 

Fuel 
Type   

Total 
Gen 

MWH 
Fuel 

consumed CO2 tons BTU 
Heat Rate 
BTU/kWH 

CO2 Tot 
Tons Total Gen 

Constellation Power Source 
Gen H A Wagner ST FO2   0 0 0 0       
Constellation Power Source 
Gen H A Wagner GT FO2   964 2902 1373.6127 16911380623       
Constellation Power Source 
Gen H A Wagner ST FO6   723833 1368110 749129.82 8.46562E+12       
Constellation Power Source 
Gen H A Wagner ST NG   35861 413670 25951.661 4.42489E+11       
        Totals 3413594   3407024 3.37648E+13 9,891 3407024 3413594 
                        
Constellation Power Source 
Gen Notch Cliff GT NG   13172 217992 13675.767 2.33179E+11       
        Totals 13172   13676 2.33179E+11 17,703 13676 13172 
                        
Constellation Power Source 
Gen Perryman GT FO2   174058 377982 178911.39 2.20269E+12       
Constellation Power Source 
Gen Perryman GT NG   127891 1396050 87581.444 1.49331E+12       
        Totals 301949   266493 3.696E+12 12,240 266493 301949 
                        
Constellation Power Source 
Gen Philadelphia Road GT FO2   13847 37375 17690.825 2.17802E+11       
        Totals 13847   17691 2.17802E+11 15,729 17691 13847 
                        
Constellation Power Source 
Gen Riverside GT FO2   12625 36536 17293.698 2.12913E+11       
Constellation Power Source 
Gen Riverside ST NG   35317 441846 27719.287 4.72628E+11       
Constellation Power Source 
Gen Riverside GT NG   13822 209942 13170.749 2.24568E+11       
        Totals 61764   58184 9.10109E+11 14,735 58184 61764 
                        
Constellation Power Source 
Gen Westport GT NG   6614 119890 7521.3204 1.28242E+11       
        Totals 6614   7521 1.28242E+11 19,390 7521 6614 
                        
Mirant Chalk Point ST BIT   2595104 1080994 2732991.8 2.58069E+13       
Mirant Chalk Point ST FO2   41617 76018 35981.836 4.42994E+11       
Mirant Chalk Point GT FO2   48200 107572 50917.388 6.26875E+11       
Mirant Chalk Point ST FO6   1206281 2144615 1174317.2 1.32705E+13       
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Maryland 2001 EIA-906 Data and Calculations 

Owner Name Plant Name 
Prime 
Mover 

Fuel 
Type   

Total 
Gen 

MWH 
Fuel 

consumed CO2 tons BTU 
Heat Rate 
BTU/kWH 

CO2 Tot 
Tons Total Gen 

Mirant Chalk Point ST NG   696450 6824988 428166.83 7.30046E+12       
Mirant Chalk Point GT NG   82352 1041916 65364.785 1.1145E+12       
        Totals 4670004   4487740 4.85623E+13 10,399 4487740 4670004 
                        
Conectiv Energy Supply Inc Vienna ST FO2   754 1976 935.30621 11515123402       
Conectiv Energy Supply Inc Vienna GT FO2   1087 2995 1417.6326 17453337342       
Conectiv Energy Supply Inc Vienna ST FO6   74665 145295 79558.528 8.99059E+11       
        Totals 76506   81911 9.28027E+11 12,130 81911 76506 
                        
Panda-Brandywine LP Panda Brandywine LP CC NG   208360 0 0 0       
Panda-Brandywine LP Panda Brandywine LP CT NG   371370 4358500 273431.27 4.66214E+12       
        Totals 579730   273431 4.66214E+12 8,042 273431 579730 
                        
Mirant Dickerson ST BIT   2763955 1440454 3641786.1 3.43884E+13       
Mirant Dickerson ST FO2   7856 11716 5545.5706 68274891586       
Mirant Dickerson GT FO2   23184 50265 23792.088 2.92919E+11       
Mirant Dickerson GT NG   78854 901450 56552.625 9.64251E+11       
        Totals 2873849   3727676 3.57139E+13 12,427 3727676 2873849 
                        
Mirant Morgantown ST BIT   6508824 2276820 5756304.3 5.43553E+13       
Mirant Morgantown ST FO2   20973 31966 15130.566 1.86282E+11       
Mirant Morgantown GT FO2   48465 108340 51280.908 6.3135E+11       
Mirant Morgantown ST FO6   4204 6314 3457.3285 39069882852       
Mirant Morgantown GT NG   0 0 0 0       
        Totals 6582466   5826173 5.5212E+13 8,388 5826173 6582466 
                        
                  TOTALS 31,798,432 31,560,809 
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Maryland 2002 EIA-906 Data and Calculations 

Owner Name Plant Name 
Prime 
Mover 

Fuel 
Type   

Total 
Gen 

MWH 
Fuel 

consumed CO2 tons BTU 

Heat 
Rate 

BTU/kWH 
CO2 Tot 
Tons Total Gen 

AES Warrior Run LP 
AES Warrior Run 
Cogeneration Facility ST BIT   1436048 646292 1633969.05 1.5429E+13       

AES Warrior Run LP 
AES Warrior Run 
Cogeneration Facility ST FO2   2688 5484 2595.758721 3.1958E+10       

        Totals 1438736   1636565 1.5461E+13 10,746 1636565 1438736 
                        
Allegheny Energy Supply Co 
LLC R Paul Smith ST BIT   496274 245066 619581.0239 5.8505E+12       
Allegheny Energy Supply Co 
LLC R Paul Smith ST FO2   7172 14773 6992.549887 8.609E+10       
        Totals 503446   626574 5.9366E+12 11,792 626574 503446 
                        
Conectiv Energy Supply Inc Crisfield IC FO2   3773 7631 3612.004887 4.447E+10       
        Totals 3773   3612 4.447E+10 11,786 3612 3773 
                        
Constellation Power Source 
Gen Bran Shores ST BIT   7127900 3158951 7986526.467 7.5415E+13       
Constellation Power Source 
Gen Bran Shores ST FO2   32508 63272 29948.73191 3.6872E+11       
        Totals 7160408   8016475 7.5783E+13 10,584 8016475 7160408 
                        
Constellation Power Source 
Gen C P Crane GT FO2   1,473 4,138 1,959 2.4114E+10       
Constellation Power Source 
Gen C P Crane ST BIT   2,125,202 847,248 2,142,030 2.0227E+13       
Constellation Power Source 
Gen C P Crane ST NG   1830 17646 1107.024934 1.8875E+10       
Constellation Power Source 
Gen C P Crane ST FO2   3,709 5,532 2,618 3.2238E+10       
        Totals 2,132,214   2,147,714 2.0302E+13 9,521 2147714 2132214 
                        
Constellation Power Source 
Gen Gould Street ST FO2   0 0 0 0       
Constellation Power Source 
Gen Gould Street ST FO6   190160 350035 191667.0858 2.166E+12       
Constellation Power Source 
Gen Gould Street ST NG   2683 29210 1832.494522 3.1245E+10       
        Totals 192843   193500 2.1972E+12 11,394 193500 192843 
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Maryland 2002 EIA-906 Data and Calculations 

Owner Name Plant Name 
Prime 
Mover 

Fuel 
Type   

Total 
Gen 

MWH 
Fuel 

consumed CO2 tons BTU 

Heat 
Rate 

BTU/kWH 
CO2 Tot 
Tons Total Gen 

Constellation Power Source 
Gen H A Wagner GT FO2   932 4591 2173.072262 2.6754E+10       
Constellation Power Source 
Gen H A Wagner ST BIT   2158136 892039 2255271.792 2.1296E+13       
Constellation Power Source 
Gen H A Wagner ST FO2   17 72 34.0799832 419579395       
Constellation Power Source 
Gen H A Wagner ST FO6   806968 1353976 741390.5301 8.3782E+12       
Constellation Power Source 
Gen H A Wagner ST NG   35194 349230 21909.00588 3.7356E+11       
        Totals 3001247   3020778 3.0075E+13 10,021 3020778 3001247 
                        
Constellation Power Source 
Gen Notch Cliff GT NG   12500 206243 12938.69112 2.2061E+11       
        Totals 12500   12939 2.2061E+11 17,649 12939 12500 
                        
Constellation Power Source 
Gen Perryman GT FO2   91130 210352 99566.56426 1.2258E+12       
Constellation Power Source 
Gen Perryman GT NG   90290 1218420 76437.79442 1.3033E+12       
        Totals 181420   176004 2.5291E+12 13,941 176004 181420 
                        
Constellation Power Source 
Gen Philadelphia Road GT FO2   12954 113421 53685.91354 6.6096E+11       
        Totals 12954   53686 6.6096E+11 51,024 53686 12954 
                        
Constellation Power Source 
Gen Riverside GT FO2   13159 39948 18908.71068 2.328E+11       
Constellation Power Source 
Gen Riverside GT NG   1731 23966 1503.511253 2.5636E+10       
Constellation Power Source 
Gen Riverside ST NG   37818 461451 28949.21018 4.936E+11       
        Totals 52708   49361 7.5203E+11 14,268 49361 52708 
                        
Constellation Power Source 
Gen Westport GT NG   2614 47630 2988.076483 5.0948E+10       
        Totals 2614   2988 5.0948E+10 19,491 2988 2614 
                        
Mirant Chalk Point GT FO2   24235 59370 28101.78615 3.4598E+11       
Mirant Chalk Point GT NG   249751 3308954 207587.815 3.5395E+12       
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Prime 
Mover 
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Type   
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consumed CO2 tons BTU 

Heat 
Rate 

BTU/kWH 
CO2 Tot 
Tons Total Gen 

Mirant Chalk Point ST BIT   4179245 1741850 4403781.865 4.1584E+13       
Mirant Chalk Point ST FO2   21003 41519 19652.31698 2.4195E+11       
Mirant Chalk Point ST FO6   736677 1139162 623765.7972 7.0489E+12       
Mirant Chalk Point ST NG   830296 8595618 539247.6171 9.1944E+12       
        Totals 6041207   5822137 6.1955E+13 10,255 5822137 6041207 
                        
Viersen & Cochran Vienna GT FO2   910 3996 1891.439068 2.3287E+10       
Viersen & Cochran Vienna ST FO2   1901 4080 1931.199048 2.3776E+10       
Viersen & Cochran Vienna ST FO6   148219 317281 173732.1258 1.9633E+12       
        Totals 151030   177555 2.0103E+12 13,311 177555 151030 
                        
Panda-Brandywine LP Panda Brandywine LP CC NG   386450 4683630 293828.3573 5.0099E+12       
Panda-Brandywine LP Panda Brandywine LP CT NG   222400 0 0 0       
        Totals 608850   293828 5.0099E+12 8,229 293828 608850 
                        
Mirant Dickerson GT FO2   7240 17245 8162.62931 1.005E+11       
Mirant Dickerson GT NG   226466 2839205 178118.0284 3.037E+12       
Mirant Dickerson ST BIT   3019188 1156761 2924547.529 2.7616E+13       
Mirant Dickerson ST FO2   10779 22109 10464.92151 1.2884E+11       
        Totals 3263673   3121293 3.0882E+13 9,462 3121293 3263673 
                        
Mirant Morgantown GT FO2   34230 85780 40602.51332 4.9988E+11       
Mirant Morgantown GT NG   0 0 0 0       
Mirant Morgantown ST BIT   7498886 2536726 6413404.114 6.056E+13       
Mirant Morgantown ST FO2   7278 10565 5000.764202 6.1567E+10       
Mirant Morgantown ST FO6   10112 15591 8537.093534 9.6474E+10       
          7550506   6467544 6.1218E+13 8,108 6467544 7550506 
                        
                TOTALS   31,822,554 32,310,129 

 




