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Introduction to CHP Technologies
Introduction
Interest in combined heat and power (CHP) technologies has grown among energy customers,
regulators, legislators, and developers over the past decade as consumers and providers seek
to reduce energy costs while improving service and reliability. CHP is a specific form of
distributed generation (DG), which refers to the strategic placement of electric power generating
units at or near customer facilities to supply onsite energy needs. CHP enhances the
advantages of DG by the simultaneous production of useful thermal and power output, thereby
increasing the overall efficiency.
CHP offers energy and environmental benefits over electric-only and thermal-only systems in
both central and distributed power generation applications. CHP systems have the potential for
a wide range of applications and the higher efficiencies result in lower emissions than separate
heat and power generation. The advantages of CHP broadly include the following:




The simultaneous production of useful thermal and electrical energy in CHP systems
lead to increased fuel efficiency.
CHP units can be strategically located at the point of energy use. Such onsite generation
avoids the transmission and distribution losses associated with electricity purchased via
the grid from central stations.
CHP is versatile and can be coupled with existing and planned technologies for many
different applications in the industrial, commercial, and residential sectors.

EPA offers this catalog of CHP technologies as an online educational resource for regulatory,
policy, permitting, and other interested CHP stakeholders. EPA recognizes that some energy
projects will not be suitable for CHP; however, EPA hopes that this catalog will assist readers in
identifying opportunities for CHP in applications where thermal-only or electric-only generation
are currently being considered.
The remainder of this introductory summary is divided into sections. The first section provides a
brief overview of how CHP systems work and the key concepts of efficiency and power-to-heat
ratios. The second section summarizes the cost and performance characteristics of five CHP
technologies in use and under development.
Overview of Combined Heat and Power
What is Combined Heat and Power?
CHP is the sequential or simultaneous generation of multiple forms of useful energy (usually
mechanical and thermal) in a single, integrated system. CHP systems consist of a number of
individual components—prime mover (heat engine), generator, heat recovery, and electrical
interconnection—configured into an integrated whole. The type of equipment that drives the
overall system (i.e., the prime mover) typically identifies the CHP system. Prime movers for
CHP systems include reciprocating engines, combustion or gas turbines, steam turbines,
microturbines, and fuel cells. These prime movers are capable of burning a variety of fuels,
including natural gas, coal, oil, and alternative fuels to produce shaft power or mechanical
energy. Although mechanical energy from the prime mover is most often used to drive a
generator to produce electricity, it can also be used to drive rotating equipment such as
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compressors, pumps, and fans. Thermal energy from the system can be used in direct process
applications or indirectly to produce steam, hot water, hot air for drying, or chilled water for
process cooling.
Figure 1 shows the efficiency advantage of CHP compared with conventional central station
power generation and onsite boilers. When considering both thermal and electrical processes
together, CHP typically requires only ¾ the primary energy separate heat and power systems
require. CHP systems utilize less fuel than separate heat and power generation, resulting for
same level of output, resulting in fewer emissions.
Figure 1: CHP versus Separate Heat and Power (SHP) Production

Note: Assumes national averages for grid electricity and incorporates electricity transmission losses.

Expressing CHP Efficiency
Many of the benefits of CHP stem from the relatively high efficiency of CHP systems compared
to other systems. Because CHP systems simultaneously produce electricity and useful thermal
energy, CHP efficiency is measured and expressed in a number of different ways. 1 Table I
summarizes the key elements of efficiency as applied to CHP systems.
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Measures of efficiency are denoted either as lower heating value (LHV) or higher heating value (HHV). HHV
includes the heat of condensation of the water vapor in the products. Unless otherwise noted, all efficiency measures
in this section are reported on an HHV basis.
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Table I: Measuring the Efficiency of CHP Systems
System
Separate heat and
power (SHP)

Component
Thermal Efficiency
(Boiler)
Electric-only generation

Combined heat and
power (CHP)

Overall Efficiency of
separate heat and power
(SHP)
Total CHP System
Efficiency
FERC Efficiency
Standard

Effective Electrical
Efficiency (or Fuel
Utilization Efficiency,
FUE):

Percent Fuel Savings

Efficiency Measure

Net Useful Thermal Output
Energy Input
Power Output
Energy Input
PQ
P EFFPower  Q EFFThermal

EFFQ
EFFP

EFFSHP
EFFTotal

PQ F

EFFFERC

PQ 2
F

FUE

P
F  Q EFFThermal

S 1

F
P EFFP  Q EFFQ

Key:
P = Net power output from CHP system
Q = Net useful thermal energy from CHP system
F = Total fuel input to CHP system
EFFP = Efficiency of displaced electric generation
EFFQ = Efficiency of displaced thermal generation

3

Description
Net useful thermal output for the fuel
consumed.
Electricity Purchased From Central Stations
via Transmission Grid.
Sum of net power (P) and useful thermal
energy output (Q) divided by the sum of fuel
consumed to produce each.
Sum of the net power and net useful thermal
output divided by the total fuel (F)
consumed.
Developed for the Public Utilities Regulatory
Act of 1978, the FERC methodology
attempts to recognize the quality of electrical
output relative to thermal output.
Ratio of net power output to net fuel
consumption, where net fuel consumption
excludes the portion of fuel used for
producing useful heat output. Fuel used to
produce useful heat is calculated assuming
typical boiler efficiency, usually 80 percent.
Fuel savings compares the fuel used by the
CHP system to a separate heat and power
system. Positive values represent fuel
savings while negative values indicate that
the CHP system is using more fuel than
SHP.

As illustrated in Table I the efficiency of electricity generation in power-only systems is
determined by the relationship between net electrical output and the amount of fuel used for the
power generation. Heat rate, the term often used to express efficiency in such power generation
systems, is represented in terms of Btus of fuel consumed per kWh of electricity generated.
However, CHP plants produce useable heat as well as electricity. In CHP systems, the total
CHP efficiency seeks to capture the energy content of both electricity and usable steam and is
the net electrical output plus the net useful thermal output of the CHP system divided by the fuel
consumed in the production of electricity and steam. While total CHP efficiency provides a
measure for capturing the energy content of electricity and steam produced it does not
adequately reflect the fact that electricity and steam have different qualities. The quality and
value of electrical output is higher relative to heat output and is evidenced by the fact that
electricity can be transmitted over long distances and can be converted to other forms of
energy. To account for these differences in quality, the Public Utilities Regulatory Policies Act of
1978 (PURPA) discounts half of the thermal energy in its calculation of the efficiency standard
(EffFERC). The EFFFERC is represented as the ratio of net electric output plus half of the net
thermal output to the total fuel used in the CHP system. Opinions vary as to whether the
standard was arbitrarily set, but the FERC methodology does recognize the value of different
forms of energy. The following equation calculates the FERC efficiency value for CHP
applications.

EFFFERC

PQ

2

F

Where: P = Net power output from CHP system
F = Total fuel input to CHP system
Q = Net thermal energy from CHP system

Another definition of CHP efficiency is effective electrical efficiency, also known as fuel
utilization effectiveness (FUE). This measure expresses CHP efficiency as the ratio of net
electrical output to net fuel consumption, where net fuel consumption excludes the portion of
fuel that goes to producing useful heat output. The fuel used to produce useful heat is
calculated assuming typical boiler efficiency, generally 80 percent. The effective electrical
efficiency measure for CHP captures the value of both the electrical and thermal outputs of CHP
plants. The following equation calculates FEU.

FUE

P
F Q
EFFQ

Where: EffQ = Efficiency of displaced thermal generation

FUE captures the value of both the electrical and thermal outputs of CHP plants and it
specifically measures the efficiency of generating power through the incremental fuel
consumption of the CHP system.
EPA considers fuel savings as the appropriate term to use when discussing CHP benefits
relative to separate heat and power (SHP) operations. Fuel savings compares the fuel used by
the CHP system to a separate heat and power system (i.e. boiler and electric-only generation).
The following equation determines percent fuel savings (S).
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Where:
EffP = Efficiency of displaced electric generation
EffQ = Efficiency of displaced thermal-only facility

In the fuel saving equation given above, the numerator in the bracket term denotes the fuel used
in the production of electricity and steam in a CHP system. The denominator describes the sum
of the fuel used in the production of electricity (P/EffP) and thermal energy (Q/EffQ) in separate
heat-and-power operations. Positive values represent fuel savings while negative values
indicate that the CHP system in question is using more fuel than separate heat and power
generation.
Another important concept related to CHP efficiency is the power-to-heat ratio. The power-toheat ratio indicates the proportion of power (electrical or mechanical energy) to heat energy
(steam or hot water) produced in the CHP system. Because the efficiencies of power generation
and steam generation are likely to be considerably different, the power-to-heat ratio has an
important bearing on how the total CHP system efficiency might compare to that of a separate
power-and-heat system. Figure 2 illustrates this point. The illustrative curves display how the
overall efficiency might change under alternate power-to-heat ratios for a separate power-andheat system and a CHP system (for illustrative purposes, the CHP system is assumed to use 5
percent less fuel than its separate heat-and-power counterpart for the same level of electrical
and thermal output).
Figure 2: Equivalent Separate Heat and Power Efficiency
Assumes 40 percent efficient electric and 80 percent efficient thermal generation
80%

Overall Efficiency (HHV)

75%

CHP System Efficiency Using 5% Less Fuel
Separate Heat and Power Overall Efficiency

70%
65%
60%
55%
50%
45%
40%
0.1
10% Electric Output
90% Thermal Output

0.9

1.7

2.4

Power-to-Heat Ratio
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3.2

4.0
80% Electric Output
20% Thermal Output

Overview of CHP Technologies
This catalog is comprised of five chapters that characterize each of the different CHP
technologies (gas turbine, reciprocating engines, steam turbines, microturbines, and fuel cells)
in detail. The chapters supply information on the applications of the technology, detailed
descriptions of its functionality and design characteristics, performance characteristics,
emissions, and emissions control options. The following sections provide snapshots of the five
technologies, and a comparison of key cost and performance characteristics across the range of
technologies that highlights the distinctiveness of each. Tables II and III provide a summary of
the key cost and performance characteristics of the CHP technologies discussed in the catalog.

Table II: Summary of CHP Technologies
CHP system

Advantages

Gas turbine

High reliability.
Low emissions.
High grade heat available.
No cooling required.

Microturbine

Small number of moving parts.
Compact size and light weight.
Low emissions.
No cooling required.

Spark ignition
(SI)
reciprocating
engine
Compression
ignition (CI)
reciprocating
engine (dual
fuel pilot
ignition)

High power efficiency with partload operational flexibility.
Fast start-up.
Relatively low investment cost.
Can be used in island mode
and have good load following
capability.
Can be overhauled on site with
normal operators.
Operate on low-pressure gas.

Steam turbine

High overall efficiency.
Any type of fuel may be used.
Ability to meet more than one
site heat grade requirement.
Long working life and high
reliability.
Power to heat ratio can be
varied.
Low emissions and low noise.
High efficiency over load range.
Modular design.

Fuel Cells

Disadvantages
Require high pressure gas or inhouse gas compressor.
Poor efficiency at low loading.
Output falls as ambient
temperature rises.
High costs.
Relatively low mechanical
efficiency.
Limited to lower temperature
cogeneration applications.
High maintenance costs.
Limited to lower temperature
cogeneration applications.
Relatively high air emissions.
Must be cooled even if recovered
heat is not used.
High levels of low frequency noise.

Slow start up.
Low power to heat ratio.

High costs.
Low durability and power density.
Fuels requiring processing unless
pure hydrogen is used.
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Available
sizes
500 kW to
250 MW

30 kW to 250
kW

< 5 MW in
DG
applications
High speed
(1,200 RPM)
d4MW
Low speed
(102-514
RPM) 4-75
MW
50 kW to 250
MW

5 kW to 2
MW

Table III: Summary Table of Typical Cost and Performance Characteristics by CHP Technology*
Power efficiency (HHV)

Steam Turbine1
15-38%

Recip. Engine
22-40%

Gas Turbine
22-36%

Microturbine
18-27%

Fuel Cell
30-63%

Overall efficiency (HHV)

80%

70-80%

70-75%

65-75%

55-80%

70-80%

50-70%

50-70%

Typical capacity (MWe)

75%
0.5-250

0..01-5

0.5-250

0.03-0.25

55-80%
0.005-2

Typical power to heat ratio

0.1-0.3

0.5-1

0.5-2

0.4-0.7

1-2

ok

ok

poor

ok

good

430-1,100

1,100-2,200

970-1,300
(5-40 MW)

2,400-3,000

5,000-6,500

<0.005

0.009-0.022

0.004-0.011

0.012-0.025

0.032-0.038

near 100%

92-97%

90-98%

90-98%

>95%

>50,000

25,000-50,000

25,000-50,000

20,000-40,000

32,000-64,000

1 hr - 1 day

10 sec

Fuel pressure (psig)

n/a

1-45

Fuels

all

natural gas,
biogas, propane,
landfill gas

Noise

high

Technology

Effective electrical efficiency

Part-load
CHP Installed costs ($/kWe)
O&M costs ($/kWhe)
Availability
Hours to overhauls
Start-up time

Uses for thermal output

LP-HP steam

Power Density (kW/m2)

>100

NOx ( lb/MMBtu)
(not including SCR)

Gas 0.1-.2
Wood 0.2-.5
Coal 0.3-1.2

lb/MWhTotalOutput
(not including SCR)

Gas 0.4-0.8
Wood 0.9-1.4
Coal 1.2-5.0.

high
hot water, LP
steam
35-50
0.013 rich burn 3way cat.

10 min - 1 hr
60 sec
3 hrs - 2 days
100-500
50-80
0.5-45
(compressor)
(compressor)
natural gas,
natural gas,
hydrogen, natural
biogas, propane, biogas, propane,
gas, propane,
oil
oil
methanol
moderate
heat, hot water,
LP-HP steam
20-500

moderate
heat, hot water,
LP steam
5-70

low
hot water, LP-HP
steam
5-20

0.036-0.05

0.015-0.036

0.0025-.0040

0.17-0.25

0.08-0.20

0.011-0.016

0.17 lean burn
0.06 rich burn 3way cat.
0.8 lean burn

* Data are illustrative values for typically available systems; All costs are in 2007$
1
For steam turbine, not entire boiler package
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Technology
The first chapter of the catalog focuses on gas turbines as a CHP technology. Gas turbines are
typically available in sizes ranging from 500 kW to 250 MW and can operate on a variety of fuels
such as natural gas, synthetic gas, landfill gas, and fuel oils. Most gas turbines typically operate
on gaseous fuel with liquid fuel as a back up. Gas turbines can be used in a variety of
configurations including (1) simple cycle operation with a single gas turbine producing power
only, (2) combined heat and power (CHP) operation with a single gas turbine coupled and a
heat recovery exchanger and (3) combined cycle operation in which high pressure steam is
generated from recovered exhaust heat and used to produce additional power using a steam
turbine. Some combined cycle systems extract steam at an intermediate pressure for use and
are combined cycle CHP systems. Many industrial and institutional facilities have successfully
used gas turbines in CHP mode to generate power and thermal energy on-site. Gas turbines
are well suited for CHP because their high-temperature exhaust can be used to generate
process steam at conditions as high as 1,200 pounds per square inch gauge (psig) and 900
degree Fahrenheit (ºF). Much of the gas turbine-based CHP capacity currently existing in the
United States consists of large combined-cycle CHP systems that maximize power production
for sale to the grid. Simple-cycle CHP applications are common in smaller installations, typically
less than 40 MW.
The second chapter of the catalog focuses on microturbines, which are small electricity
generators that can burn a wide variety of fuels including natural gas, sour gases (high sulfur,
low Btu content), and liquid fuels such as gasoline, kerosene, and diesel fuel/distillate heating
oil. Microturbines use the fuel to create high-speed rotation that turns an electrical generator to
produce electricity. In CHP operation, a heat exchanger referred to as the exhaust gas heat
exchanger, transfers thermal energy from the microturbine exhaust to a hot water system.
Exhaust heat can be used for a number of different applications including potable water heating,
absorption chillers and desiccant dehumidification equipment, space heating, process heating,
and other building uses. Microturbines entered field-testing in 1997 and the first units began
commercial service in 2000. Available models range in sizes from 30 kW to 250 kW.
The third chapter in the catalog describes the various types of reciprocating engines used in
CHP applications. Spark ignition (SI) and compression ignition (CI) are the most common types
of reciprocating engines used in CHP-related projects. SI engines use spark plugs with a highintensity spark of timed duration to ignite a compressed fuel-air mixture within the cylinder. SI
engines are available in sizes up to 5 MW. Natural gas is the preferred fuel in electric generation
and CHP applications of SI; however, propane, gasoline and landfill gas can also be used.
Diesel engines, also called CI engines, are among the most efficient simple-cycle power
generation options in the market. These engines operate on diesel fuel or heavy oil. Dual fuel
engines, which are diesel compression ignition engines predominantly fueled by natural gas
with a small amount of diesel pilot fuel, are also used. Reciprocating engines start quickly, follow
load well, have good part-load efficiencies, and generally have high reliabilities. In many
instances, multiple reciprocating engine units can be used to enhance plant capacity and
availability. Reciprocating engines are well suited for applications that require hot water or lowpressure steam.
The fourth chapter of the catalog is dedicated to steam turbines that generate electricity from
the heat (steam) produced in a boiler. The energy produced in the boiler is transferred to the
turbine through high-pressure steam that in turn powers the turbine and generator. This
separation of functions enables steam turbines to operate with a variety of fuels including
natural gas, solid waste, coal, wood, wood waste, and agricultural by-products. The capacity of
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commercially available steam turbine typically ranges between 50 kW to over 250 MW.
Although steam turbines are competitively priced compared to other prime movers, the costs of
a complete boiler/steam turbine CHP system is relatively high on a per kW basis. This is
because steam turbines are typically sized with low power to heat (P/H) ratios, and have high
capital costs associated with the fuel and steam handling systems and the custom nature of
most installations. Thus the ideal applications of steam turbine-based CHP systems include
medium- and large-scale industrial or institutional facilities with high thermal loads and where
solid or waste fuels are readily available for boiler use.
Chapter five in the catalog deals with an emerging technology that has the potential to serve
power and thermal needs cleanly and efficiently. Fuel cells use an electrochemical or batterylike process to convert the chemical energy of hydrogen into water and electricity. In CHP
applications, heat is generally recovered in the form of hot water or low-pressure steam (<30
psig) and the quality of heat is dependent on the type of fuel cell and its operating temperature.
Fuel cells use hydrogen, which can be obtained from natural gas, coal gas, methanol, and other
hydrocarbon fuels. There are currently five types of fuel cells under development. These include
(1) phosphoric acid (PAFC), (2) proton exchange membrane (PEMFC), (3) molten carbonate
(MCFC), (4) solid oxide (SOFC), and (5) alkaline (AFC). PAFC systems are commercially
available in two sizes, 200 kW and 400 kW, and two MCFC systems are commercially available,
300 kW and 1200 kW. Due to the high installed cost of fuel cell systems, the most prominent
DG applications of fuel cell systems are CHP-related.
Installed Cost 1
The total plant cost or installed cost for most CHP technologies consists of the total equipment
cost plus installation labor and materials, engineering, project management, and financial
carrying costs during the construction period. The cost of the basic technology package plus the
costs for added systems needed for the particular application comprise the total equipment cost.
Total installed costs for gas turbines, microturbines, reciprocating engines, and steam turbines
are comparable. The total installed cost for typical gas turbines (5-40 MW) ranges from
$970/kW to $1,300/kW, while total installed costs for typical microturbines in grid-interconnected
CHP applications may range anywhere from $2,400/kW to $3,000/kW. Commercially available
natural gas spark-ignited engine gensets have total installed costs of $1,100/kW to $2,200/kW,
and steam turbines have total installed costs ranging from $350/kW to $700/kW. Fuel cells are
currently the most expensive among the five CHP technologies with total installed costs ranging
between $5,000/kW and $6,500/kW.
O&M Cost
Non-fuel operation and maintenance (O&M) costs typically include routine inspections,
scheduled overhauls, preventive maintenance, and operating labor. O&M costs are comparable
for gas turbines, gas engine gensets, steam turbines and fuel cells, and only a fraction higher
for microturbines. Total O&M costs range from $0.004/kWh to $0.011/kWh for typical gas
turbines, from $0.009/kWh to $0.022/kWh for commercially available gas engine gensets and
are typically less than $0.005/kWh for steam turbines. Based on manufacturers offer service
contracts for specialized maintenance, the O&M costs for microturbines are $0.015/kWh to
$0.030/kWh. For fuel cells O&M costs range between $0.032/kWh and $0.038/kWh.

1

All $ are 2007$.
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Start-up Time
Start-up times for the five CHP technologies described in this catalog can vary significantly
depending on the technology and fuel used. Gas turbines have relatively short start up time,
though heat recovery considerations may constraint start up times. Microturbines require
several minutes for start-up but require a power storage unit (typically a battery UPS) for startup if the microturbine system is operating independently of the grid. Reciprocating engines have
fast start-up capability, which allows for timely resumption of the system following a
maintenance procedure. In peaking or emergency power applications, reciprocating engines
can most quickly supply electricity on demand. Steam turbines, on the other hand, require long
warm-up periods in order to obtain reliable service and prevent excessive thermal expansion,
stress and wear. Fuel cells also have relatively long start-up times (especially for MCFC and
SOFC). The longer start-up times for steam turbines and fuel cells make them more applicable
to baseload needs.
Availability
Availability indicates the amount of time a unit can be used for electricity and/or steam
production. Availability generally depends on the operational conditions of the unit. Frequent
starts and stops of gas turbines can increase the likelihood of mechanical failure, though steady
operation with clean fuels can permit gas turbines to operate for about a year without a
shutdown. The estimated availability for gas turbines operating on clean gaseous fuels such as
natural gas is over 95 percent.
Manufacturers of microturbines have targeted availabilities between 98 and 99 percent. Natural
gas engine availabilities generally vary with engine type, speed, and fuel quality. Typically
demonstrated availabilities for natural gas engine gensets in CHP applications is approximately
95 percent. Steam turbines have high availability rates—usually greater than 99 percent with
longer than one year between shutdowns for maintenance and inspections. However, for
purposes of CHP application it should be noted that this high availability rate is only applicable
to the steam turbine itself and not to the boiler or HRSG that is supplying the steam. Some
demonstrated and commercially available fuel cells have achieved greater than 90 percent
availability.
Thermal Output
The ability to produce useful thermal energy from exhaust gases is the primary advantage of
CHP technologies. Gas turbines produce a high quality (high temperature) thermal output
suitable for most CHP applications. High-pressure steam can be generated or the exhaust can
be used directly for process heating and drying. Microturbines produce exhaust output at
temperatures in the 400ºF to 600ºF range, suitable for supplying a variety of building thermal
needs. Reciprocating engines can produce hot water and low-pressure steam. Steam turbines
are capable of operating over a broad range of steam pressures. They are custom designed to
deliver the thermal requirements of CHP applications through use of backpressure or extraction
steam at the appropriately needed pressure and temperature. Waste heat from fuel cells can be
used primarily for domestic hot water and space heating applications.

Efficiency
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Total CHP efficiency is a composite measure of the CHP fuel conversion capability and is
expressed as the ratio of net output to fuel consumed. As explained earlier, for any technology
the total CHP efficiency will vary depending on size and power-to-heat ratio. Combustion
turbines achieve higher efficiencies at greater size and with higher power-to-heat ratios. The
total CHP efficiency for gas turbines between 1 MW and 40 MW, and with power-to-heat ratios
between 0.5 and 1.0, range from 70 percent to 75 percent. Unlike gas turbines, microturbines
typically achieve 65 percent to 75 percent total CHP efficiency for a range of power-to-heat
ratios. Commercially available natural gas spark engines ranging between 100 kW to 5 MW are
likely to have total CHP efficiency in the 75 percent to 80 percent range. The total CHP
efficiency of such engines will decrease with unit-size, and also with higher power-to-heat ratios.
Although performance of steam turbines may differ substantially based on the fuel used, they
are likely to achieve near 80 percent total CHP efficiency across a range of sizes and power-to–
heat ratios. Fuel cell technologies may achieve total CHP efficiency in the 65 percent to 75
percent range.
Emissions
In addition to cost savings, CHP technologies offer significantly lower emissions rates compared
to separate heat and power systems. The primary pollutants from gas turbines are oxides of
nitrogen (NOx), carbon monoxide (CO), and volatile organic compounds (VOCs) (unburned,
non-methane hydrocarbons). Other pollutants such as oxides of sulfur (SOx) and particulate
matter (PM) are primarily dependent on the fuel used. Similarly, emissions of carbon dioxide are
also dependent on the fuel used. Many gas turbines burning gaseous fuels (mainly natural gas)
feature lean premixed burners (also called dry low-NOx burners) that produce NOx emissions
ranging between 0.17 to 0.25 lbs/MWh 2 with no post-combustion emissions control. Typically
commercially available gas turbines have CO emissions rates ranging between 0.23 lbs/MWh
and 0.28 lbs/MWh. Selective catalytic reduction (SCR) or catalytic combustion can further help
to reduce NOx emissions by 80 percent to 90 percent from the gas turbine exhaust and carbonmonoxide oxidation catalysts can help to reduce CO by approximately 90 percent. Many gas
turbines sited in locales with stringent emission regulations use SCR after-treatment to achieve
extremely low NOx emissions.
Microturbines have the potential for low emissions. All microturbines operating on gaseous fuels
feature lean premixed (dry low NOx, or DLN) combustor technology. The primary pollutants from
microturbines include NOx, CO, and unburned hydrocarbons. They also produce a negligible
amount of SO2. Microturbines are designed to achieve low emissions at full load and emissions
are often higher when operating at part load. Typical NOx emissions for microturbine systems
range between 4ppmy and 9 ppmv or 0.08 lbs/MWh and 0.20 lbs/MWh. Additional NOx
emissions removal from catalytic combustion is microturbines is unlikely to be pursued in the
near term because of the dry low NOx technology and the low turbine inlet temperature. CO
emissions rates for microturbines typically range between 0.06 lbs/MWh and 0.54 lbs/MWh.
Exhaust emissions are the primary environmental concern with reciprocating engines. The
primary pollutants from reciprocating engines are NOx, CO, and VOCs. Other pollutants such as
SOx and PM are primarily dependent on the fuel used. The sulfur content of the fuel determines
emissions of sulfur compounds, primarily SO2. NOx emissions from small “rich burn”
reciprocating engines with integral 3-way catalyst exhaust treatment can be as low as 0.06

2

The NOx emissions reported in this section in lb/MWh are based on the total electric and thermal energy provided
by the CHP system in MWh.
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lbs/MWh. Larger lean burn engines have values of around 0.8 lbs/MWh without any exhaust
treatment; however, these engines can utilize SCR for NOx reduction.
Emissions from steam turbines depend on the fuel used in the boiler or other steam sources,
boiler furnace combustion section design, operation, and exhaust cleanup systems. Boiler
emissions include NOx, SOx, PM, and CO. The emissions rates in steam turbines depend
largely on the type of fuel used in the boiler. Typical boiler emissions rates for NOx range
between 0.3 lbs/MMBtu and 1.24 lbs/MMBtu for coal, 0.2 lbs/MMBtu and 0.5 lbs/MMBtu for
wood, and 0.1 lbs/MMBtu and 0.2 lbs/MMBtu for natural gas. Uncontrolled CO emissions rates
range between 0.02 lbs/MMBtu and 0.7 lbs/MMBtu for coal, approximately 0.06 lbs/MMBtu for
wood, and 0.08 lbs/MMBtu for natural gas. A variety of commercially available combustion and
post-combustion NOx reduction techniques exist with selective catalytic reductions achieving
reductions as high as 90 percent.
SO2 emissions from steam turbines depend largely on the sulfur content of the fuel used in the
combustion process. SO2 comprises about 95 percent of the emitted sulfur and the remaining 5
percent is emitted as sulfur tri-oxide (SO3). Flue gas desulphurization (FGD) is the most
commonly used post-combustion SO2 removal technology and is applicable to a broad range of
different uses. FGD can provide up to 95 percent SO2 removal.
Fuel cell systems have inherently low emissions profiles because the primary power generation
process does not involve combustion. The fuel processing subsystem is the only significant
source of emissions as it converts fuel into hydrogen and a low energy hydrogen exhaust
stream. The hydrogen exhaust stream is combusted in the fuel processor to provide heat,
achieving emissions signatures of less than 0.019 lbs/MWh of CO, less than 0.016 lbs/MWh of
NOx and negligible SOx without any after-treatment for emissions. Fuel cells are not expected to
require any emissions control devices to meet current and projected regulations.
While not considered a pollutant in the ordinary sense of directly affecting health, CO2 emissions
do result from the use the fossil fuel-based CHP technologies. The amount of CO2 emitted in
any of the CHP technologies discussed above depends on the fuel carbon content and the
system efficiency. The fuel carbon content of natural gas is 34 lbs carbon/MMBtu; oil is 48 lbs of
carbon/MMBtu and ash-free coal is 66 lbs of carbon/MMBtu.
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Fuel Savings Equations
Absolute Fuel Savings:

FCHP

FSHP (1  S) and E SHP
FSHP  FCHP

Fuel Savings

FCHP
 FCHP
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ª 1
º
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¬1  S ¼
ª S º
FCHP «
»
¬1  S ¼

Fuel Savings

Where FCHP = CHP fuel use
FSHP = SHP fuel use
S = % fuel savings compared to SHP
ECHP = CHP efficiency
ESHP = SHP efficiency

E CHP (1 - S)

1
1  S º»

»
»
«1  S

1
S
¼
¬
ª
«

FCHP «
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Percentage Fuel Savings:
Equivalent separate heat and power (SHP) efficiency

Eff SHP

SHP Output
SHP Fuel Input

P

PQ
Q

Eff P

Where P = power output
Q = useful thermal output
EffP = power generation efficiency
EffQ = thermal generation efficiency

Eff Q

divide numerator and denominator by (P+Q)

Eff SHP

1
Where percent P = P/(P+Q)
Percent Q =
Q/(P Q)

%P
%Q

Eff P Eff Q

CHP efficiency

Eff CHP

PQ
FCHP

Eff SHP
(1  S)

Substitute in equation for EFFSHP and isolate S

PQ
F

PQ
P
Q
EFFP
EFFQ
(1  S)

13

(1  S)

PQ
F

PQ
P
Q
EFFP
EFFQ

Divide out (P+Q) and multiply by F

1S

F
§ P
Q ·¸
¨

¨ Eff
Eff Q ¸¹
P
©

Percent fuel savings calculated from power and thermal output, CHP fuel input, and efficiency of
displaced separate heat and power.

F

S 1

P
Q

Eff P Eff Q

Calculation of percentage power or percent thermal output from power to heat ratio:

Power to Heat Ratio X

PQ

Q

%P

%Q

1

P

X Q

P

X

P

P

Q

P
X

Q

1 Q
X

1 P

XX P

PX P
P

1 X

P

X
1 X

X
X

Q X

1 Q

Q (X  1)
Q

1
X 1
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APPENDIX C: SIERRA NEVADA BREWERY FUEL CELL
EXAMPLE
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Governor’s Office of Energy Independence and Security

July 2010
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Governor’s Office of Energy Independence and Security
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APPENDIX D: SMALL AND LARGE SYSTEM TRIGENERATION
ENERGY MODELS
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July 2010

Combined Heat & Power Report
Governor’s Office of Energy Independence and Security

July 2010

APPENDIX E: CHP FACILITIES IN MAINE
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July 2010

Combined Heat & Power Report
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APPENDIX F: CHP INCENTIVES

Combined Heat & Power Report
Governor’s Office of Energy Independence and Security

July 2010

Combined Heat & Power Report
Governor’s Office of Energy Independence and Security
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Appendix F
Incentives and Funding Programs
Name
CHP Investment
Tax Credit (ITC)

Type
Tax

Description
The Emergency Economic Stabilization Act 0f 2008, enacted on October 3,
2008, created a new investment tax credit (ITC) for CHP and waste energy
recovery systems. The CHP ITC extends from the date of enactment
through December 31, 2016.

Expiration Date
01/01/2017

The American Recovery and Reinvestment Act of 2009 (ARRA), enacted
February 2009, allows taxpayer eligibility for the CHP ITC to receive a grant
from the U.S. Treasury Department instead of taking the business ITC from
new installations. For eligible CHP projects, Treasury will make payments
to qualified applicants in an amount equal to 10% of the system cost. The
Treasury Department is now accepting applications for the grant program.
For more information including the guidance document (PDF), terms and
conditions (PDF), and a sample application (PDF), please visit the U.S.
Department of Treasury's Web site. To apply for a grant in lieu of the tax
credit, please visit the application web site.
EIEA created a 10% investment tax credit (ITC) for the costs of the first 15
MW of CHP property. To qualify for the tax credit, the CHP system must:
x Produce at least 20% of its useful energy as electricity and 20%
as thermal energy;
x Be smaller than 50 MW;
x Be constructed by the taxpayer or have the original use of the
equipment begin with the taxpayer;
x Be placed in service after October 3, 2008 and before January 1,
2017; and
x Be 60% efficient on a lower heating value basis.
The 60% efficiency requirement does not apply to CHP systems that use
biomass for at least 90% of the system's energy source. The ITC may be
used to offset the alternative minimum tax and the CHP system must be
operational in the year in which the credit is first taken.

Investment Tax
Credits for MicroTurbines and Fuel
Cells

Tax

The CHP ITC is claimed through IRS Form 3468, available on the IRS's
Web site. Facility owners who claim the ITC can not claim the production
tax credit (PTC).
The EIEA extended the ITC to micro-turbines and fuel cells. For microturbines, the credit is equal to 10% of expenditures, with no maximum limit
stated (explicitly), but it is capped at $200 per kW of capacity. Eligible
property includes micro-turbines up to two MW that have an electricity-only
generation efficiency of 26% or higher.

None

For fuel cells, the credit is equal to 30% of expenditures, with no maximum
credit. However, the credit for fuel cells is capped at $1,500 per 0.5 kW of
capacity. Eligible property includes fuel cells with a minimum capacity of 0.5
kW that have an electricity-only generation efficiency of 30% or higher. (The
credit for property placed in service before October 4, 2008, is capped at
$500 per 0.5 kW.)
The ITC for both micro-turbines and fuel cells is available for eligible
systems placed in service on or before December 31, 2016. As with the
CHP ITC, facility owners can choose to receive a one-time grant equal to
30% of the construction and installation costs for the facility, as long as the
facility is depreciable or amortizable. To be eligible, the facility must be
placed in service in 2009 or 2010, or construction must begin in either of
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Name

Renewable
Electricity
Production Tax
Credit

Type

Tax

Description
those years and be completed prior to the end of 2013. For more
information including the guidance document, terms and conditions and a
sample application, please visit the U.S. Department of Treasury's Web site.
To apply for a grant in lieu of the tax credit, please visit the application web
site.
The ITC for micro-turbines and fuel cells is claimed through IRS Form 3468,
available on the IRS's Web site. Facility owners who claim the ITC can not
claim the production tax credit (PTC).
The EIEA extended the PTC for biomass, geothermal, hydropower, landfill
gas, waste-to-energy, and marine facilities and other forms of renewable
energy through 2010, and the ARRA further extended the tax credit through
2013. The renewable electricity PTC is a per kWh federal tax credit included
under Section 45 of the U.S. tax code for electricity generated by qualified
energy resources. The PTC provides a corporate tax credit of 1.0
cents/kWh for landfill gas, open-loop biomass, municipal solid waste
resources, qualified hydropower, and marine and hydrokinetic (150 kW or
larger). Electricity from wind, closed-loop biomass, and geothermal
resources receive 2.1 cents/kWh. Projects that receive other government
grants or subsidies receive a discounted tax credit.

Expiration Date

2013

The ARRA allows taxpayers eligible for the federal PTC to take the federal
business energy investment tax credit (ITC) or to receive a grant from the
U.S. Treasury Department instead of taking the PTC for new installations.
The Treasury Department issued Notice 2009-52 in June 2009, giving
limited guidance on how to take the federal business energy investment tax
credit instead of the federal renewable electricity production tax credit. The
Treasury Department is now accepting applications for the grant program.
For more information including the guidance document, terms and
conditions and a sample application, please visit the U.S. Department of
Treasury's Web site.

Bonus
Depreciation

Tax

The Renewable Energy PTC is claimed through IRS Form 8835 and IRS
Form 3800.
Under the federal Modified Accelerated Cost-Recovery System (MACRS),
businesses may recover investments in certain property through
depreciation deductions. The MACRS establishes a set of class lives for
various types of property, ranging from three to 50 years, over which the
property may be depreciated. The ARRA extended the five-year bonus
depreciation schedule through 2010 and includes CHP, thereby allowing
50% of the depreciation value to be taken in the first year and the remainder
over the following four years.

2010

To qualify for bonus depreciation, a project must satisfy these criteria:
x The property must have a recovery period of 20 years or less
under normal federal tax depreciation rules;
x The original use of the property must commence with the
taxpayer claiming the deduction;
x The property generally must have been acquired during 2009 or
2010; and
x The property must have been placed in service during 2009 or
2010.
The bonus depreciation rules do not override the depreciation limit
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Name

Advanced Energy
Manufacturing
Tax Credit

Type

Tax

Description
applicable to projects qualifying for the federal business energy tax credit.
Before calculating depreciation for such a project, including any bonus
depreciation, the adjusted basis of the project must be reduced by one-half
of the amount of the energy credit for which the project qualifies.
For more information on the federal MACRS, see IRS Publication 946, IRS
Form 4562: Depreciation and Amortization, and Instructions for Form 4562.
ARRA established the advanced energy manufacturing tax credit to
encourage the development of a U.S.-based renewable energy
manufacturing sector. ARRA authorizes the Department of the Treasury to
issue $2.3 billion of credits under the program. In any taxable year, the
investment tax credit is equal to 30% of the qualified investment required for
an advanced energy project that establishes, re-equips, or expands a
manufacturing facility that produces any of the following:
x Equipment and/or technologies used to produce energy from
solar, wind, geothermal, or other renewable resources;
x Fuel cells, micro-turbines, or energy-storage systems for use with
electric or hybrid-electric motor vehicles;
x Equipment used to refine or blend renewable fuels; or
x Equipment and/or technologies to produce energy-conservation
technologies (including energy-conserving lighting technologies
and smart grid technologies).

Expiration Date

01/01/2017

Qualified investments generally include personal tangible property that is
depreciable and required for the production process. Other tangible
property may be considered a qualified investment only if it is an essential
part of the facility, excluding buildings and structural components.
To be eligible for the tax credit, a project must be certified by the
Department of the Treasury. In determining which projects to certify, ARRA
directs the Department of the Treasury to consider those projects that most
likely will:
x Be commercially viable;
x Provide the greatest domestic job creation;
x Provide the greatest net reduction of air pollution and/or
greenhouse gases;
x Have the greatest potential for technological innovation and
commercial deployment;
x Have the lowest levelized cost of generated (or stored) energy or
the lowest levelized cost of reduction in energy consumption or
greenhouse gas emissions; and
x Have the shortest project time from certification to completion.
After certification is granted, the taxpayer has up to one year to provide
additional evidence that the requirements of the certification have been met
and three years to put the project in service.
On August 13, 2009, the Department of the Treasury announced the
availability of funds under the program and preliminary applications were
due to DOE September 16, 2009, followed by final applications being due to
DOE and IRS on October 16, 2009. By January 15, 2010, the IRS certified
or rejected applications, and notified the certified projects with the approved
amount of their tax credit. Awardees received acceptance agreements from
the IRS by April 16, 2010. Credits will be allocated until the program funding

Appendix F
Incentives and Funding Programs

3

July 2010

Appendix F
Incentives and Funding Programs
Name

Type

Clean Renewable
Energy Bonds

Tax

Description
is exhausted. Subsequent allocation periods will depend on remaining
funds.
The 2005 Energy Policy Act created Clean Renewable Energy Bonds
(CREBs) within Section 54 of the U.S. tax code. Unlike traditional bonds
that pay interest, tax credit bonds pay the bondholders by providing a credit
against their federal income tax. In effect, CREBs provide interest-free
financing for clean energy projects.

Expiration Date

In 2008, EIEA provided authority for the issuance of an additional $800
million in "new" CREBs, and in 2009, ARRA allocated an additional $1.6
billion for CREBs. The 2008 legislation also extended the deadline by which
bonds must be issued for previous allocations to December 31, 2009.
The types of projects for which bonds can be issued include renewable
energy projects utilizing landfill gas, wind, biomass, geothermal, solar,
municipal solid waste, small hydroelectric, marine, and hydrokinetic. The
IRS has determined that facilities "functionally related and subordinate" to
the generation facility itself are also eligible for CREB financing. Examples
of these auxiliary components include transmission lines and
interconnection upgrades.

Qualified Energy
Conservation
Bonds

Deployment of
CHP Systems,
District Energy
Systems, Waste
Energy Recovery
Systems, and
Efficient Industrial
Equipment

Tax

Grant

The EIEA directs the IRS to allocate the bonding authority equally among
electric cooperatives, government entities, and public power producers.
Other changes for "new" CREBs are as follows:
x The federal tax credit is reduced to 70% of the interest payment;
x The bond holder can transfer the tax credit to another party;
x Taxpayers can carry forward unused credits into future years; and
x Bond proceeds must be used within three years or a request for
an extension must be made.
The EIEA created a new funding mechanism called Qualified Energy
Conservation Bonds (QECBs), similar to the CREB model in which a
bondholder receives tax credits in lieu of interest. The act authorizes state,
local, and tribal governments to issue energy conservation bonds to finance
qualified projects. The 2008 legislation allows the IRS to distribute up to
$800 million in bond authorizations. In 2009, ARRA provided an additional
$2.4 billion in bonding authority. The bond proceeds can be used to finance
capital expenditures that achieve one of the following goals:
x Reduction of energy consumption by at least 20%;
x Implementation of a green community program; or
x Electricity generation from renewable resources in rural areas.

None

An IRS notice contains more details about the bond program, including an
outline for the bond cap for each state. The IRS is expected to issue further
guidance on how the program will work soon.
On June 1, 2009 the DOE announced plans to provide $156 million from
ARRA to support projects that deploy efficient technologies in the following
four areas of interest:
x CHP;
x District energy systems;
x Industrial waste energy recovery; and
x Efficient industrial equipment.
Applications were due by July 15, 2009.
On November 3, 2009, the DOE announced its award of more than $155
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Name

Combined Heat
and Power
Systems
Technology
Development
Demonstration

Type

Grant

Description
million to 41 industrial energy efficiency projects across the country. The
nine largest projects, totaling $150 million and leveraged with $634 million
in private industry support, will promote the use of CHP, district energy
systems, waste energy recovery systems, and energy efficiency initiatives
at hospitals, utilities, and industrial sites.

Expiration Date

A full list of recipients is available on the DOE's Industrial Technology
Program Web site.
The Combined Heat and Power Systems Technology Development
Demonstration aims to accelerate the development and deployment of CHP
technologies and systems to work towards a goal of increasing U.S.
electricity generation capacity from CHP. Applications for CHP technology
development and demonstration will be considered for three areas of
interest. The areas of interest are based on the output range of the CHP
system and are as follows:
x Large CHP systems (less than or equal to 20 MW);
x Medium CHP systems (less than or equal to 1 MW to greater than
20 MW); and
x Small CHP systems (less than or equal to 5 kW to greater than 1
MW).
All three areas sought applicants that can perform research, development,
and demonstration of technologies that increase the efficiency and reduce
the cost of CHP systems. Applications were due by August 4, 2009.
The large CHP systems have an estimated total budget of $30 million – $15
million from the DOE. The medium systems have an estimated budget of
$30 million – $15 million from the DOE. Small CHP systems have an
estimated budget of $20 million – $10 from the DOE.

Waste Energy
Recovery
Registry and
Grant Program

Grant

Funded demonstration projects are aimed at accelerating the project
development process through collaborative partnerships with key industry
partners. Key technologies are those capable of sizable energy savings and
corresponding greenhouse gas emissions reductions while providing a least
cost approach to compliance with relevant emissions regulations. All
technologies have a defined pathway to commercialization.
Title IV of the Energy Independence and Security Act of 2007 contains
extensive new provisions designed to save energy in buildings and
industries. Subtitle D of the Act focuses on industrial energy efficiency and
contains new provisions designed to improve energy efficiency by
promoting CHP, waste energy recovery, and district energy systems. EPA
is required under EIEA Subtitle D, Part E to establish a recoverable waste
energy inventory program.
Subject to appropriations, the EIEA also directs the DOE to develop a waste
energy recovery incentive grant program to provide incentive grants to:
x Owners and operators of projects that successfully produce
electricity or incremental useful thermal energy from waste energy
recovery;
x Utilities purchasing or distributing the electricity; and
x States that have achieved 80% or more of recoverable waste heat
recovery opportunities.
US EPA's obligation under EISA is to develop an ongoing survey of major
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Type

Description
domestic industrial and large commercial sources, as well as the sites at
which the sources are located, and to conduct a review of each source for
the quantity and quality of potential waste energy produced. This survey is a
necessary first step to gather the data needed to establish the Registry of
Recoverable Waste Energy Sources (Registry). The purposes of the survey
and Registry are to:
x Provide a list of the economically feasible existing waste energy
recovery opportunities in the US, based on a survey of major
industrial and large commercial sources.
x Provide state and national totals of the existing waste energy
recovery opportunities, as well as the potential criteria pollutant
and greenhouse gas emissions reductions that could be achieved
with the capture and use of the waste energy recovery
opportunities listed in the Registry.
x Serve as the basis for potential waste energy recovery projects to
qualify for financial and regulatory incentives as described in
Energy Policy and Conservation Act (EPCA) Sections 373 "Waste
Energy Recovery Incentive Grant Program" and 374 "Additional
Incentives for Recovery, Use, and Prevention of Industrial Waste
Energy," as added by EISA.

Expiration Date

On July 16, 2009, the US EPA Administrator signed a draft rule which
proposes to establish the criteria for including sources or sites in the
Registry, as required by EISA. The draft rule also proposes the survey
processes by which US EPA will collect data and populate the Registry. The
proposed rule would apply to major industrial and large commercial sources
as defined by US EPA in the rulemaking. The proposed rule would not
require the installation of new monitoring equipment, rather it would require
only that sources above certain threshold levels that wish to be included in
the Registry enter specific already-monitored data points into the survey.
The survey is a software tool that will calculate the quantity and quality of
potentially recoverable waste energy.

EPA Clean Water
and Drinking
Water State
Revolving Funds

Grant

The proposed rule and relevant background information can be accessed
on the Waste Energy Recovery Registry Web site. Public comments were
accepted through September 21, 2009. For general questions about the
proposed rule, contact Katrina Pielli.
ARRA provides funding for states to finance high-priority infrastructure
projects needed to ensure clean water and safe drinking water. It provided
$4 billion for the Clean Water State Revolving Fund (CWSRF) program, in
place since 1987, including funds for Water Quality Management Planning
Grants. ARRA also provided $2 billion for the Drinking Water State
Revolving Fund (DWSRF) program, in place since 1997. States must
provide at least 20% of their grants for green projects, including green
infrastructure, energy or water efficiency, and environmentally innovative
activities. CHP projects at wastewater treatment facilities qualify for grants
under the 20% set-aside.
The CWSRF program is available to fund a wide variety of water quality
projects, including all types of nonpoint source, watershed protection or
restoration, and estuary management projects, as well as more traditional
municipal wastewater treatment projects. Through the CWSRF program,
each state and Puerto Rico maintain revolving loan funds to provide
independent and permanent sources of low-cost financing for a wide range
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Type

Description
of water quality infrastructure projects. Funds to establish or capitalize the
CWSRF programs are provided through federal government grants and
state matching funds (equal to 20% of federal government grants).

Expiration Date

The DWSRF program provides public water systems with affordable
financing for infrastructure improvements which enable them to comply with
national primary drinking water standards and protect public health. States
use federal capitalization grant money awarded to them under this program
to set up an infrastructure funding account from which assistance is made
available to public water systems. Loans made under the program can have
interest rates between 0% and market rate and repayment terms of up to 20
years. Loan repayments to the state provide a continuing source of
infrastructure financing.

Renewable
Energy
Production
Incentive

Rebate

More information and program guidance, including grant allocations to each
of the states is available through the Clean Water and Drinking Water State
Revolving Funds Web site.
The Renewable Energy Production Incentive (REPI) Program was created
by the Energy Policy Act of 1992 and reauthorized by the Energy Policy Act
of 2005 to extend through 2026. REPI provides financial incentives for
renewable energy electricity produced and sold by qualified renewable
energy generation facilities, which include not-for-profit electrical
cooperatives, public utilities, state governments, U.S. territories, the District
of Columbia, and Indian tribal governments. The facilities are eligible for
annual incentive payments of approximately 2 cents/kWh for:
x Landfill Gas
x Solar
x Wind
x Geothermal
x Biomass
x Livestock Methane
x Ocean
x Fuel cells using hydrogen derived from eligible biomass facilities

12/31/2026

To be eligible, qualified renewable energy facilities must be operational
before October 1, 2016. Funding is subject to annual appropriation, and the
program has historically been under-funded. During years in which there is
a funding shortfall, legislation requires DOE to allocate 60% of REPI funds
to solar, wind, ocean, geothermal, or closed-loop biomass technologies and
the remainder to landfill gas, livestock methane, and open-loop biomass
projects. If funds are not sufficient to make full payments to all qualifying
facilities, payments are made to those facilities on a pro rata basis.
To assist DOE in its budget planning, DOE requests that the owner or
operator of a qualified renewable energy facility provide notification at least
six months in advance of electricity generation. To receive payment,
qualified facility owners and operators submit information, such as monthly
electricity generation, to DOE during the first quarter (i.e., October 1 through
December 31) of the next fiscal year.

Energy Efficiency
and Conservation

Grant
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More information and details about the application procedures are provided
on the REPI Web site and in the Partnership's funding database.
The Energy Efficiency and Conservation Block Grant (EECBG) Program
provides grants to local governments, tribal governments, states, and U.S.
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Name
Block Grant
Program

Type

Description
territories to reduce energy use and fossil fuel emissions, and to implement
energy efficiency improvements. Through formula and competitive grants,
the Program empowers local communities to make strategic investments to
meet the nation's long-term goals for energy independence and leadership
on climate change.

Expiration Date

The EECBG Program is intended to help U.S. cities, counties, states,
territories, and Indian tribes to develop, promote, implement, and manage
energy efficiency and conservation projects and programs designed to:
x Reduce fossil fuel emissions;
x Reduce the total energy use of the eligible entities;
x Improve energy efficiency in the transportation, building, and
other appropriate sectors; and
x Create and retain jobs.
Funding for the EECBG Program under ARRA totals $3.2 billion. Of this
amount, approximately $2.7 billion will be awarded through formula grants.
In addition, approximately $454 million will be allocated through competitive
grants.
All states are eligible to apply for direct formula grants and competitive
grants from DOE. Depending on population, cities and counties are eligible
for EECBG Program funds either directly from DOE or from the state in
which they are located.
To date, DOE has awarded more than 1,200 EECBGs, totaling over $1.4
billion. The first EECBG formula grant awards were made on July 24, 2009,
and continue to be made each week.
On October 19, 2009, DOE issued its competitive EECBG funding
opportunity announcement. The announcement seeks innovative state and
local government and Indian tribe programs, and will use up to $454 million
in ARRA EECBG funds for these competitive grants awarded in the two
topic areas described below. Applications were due to DOE by December
14, 2009, and the voluntary letters of intent were due by November 19,
2009.
x Topic 1: Retrofit Ramp-Up, $390 million. The first topic area will
award funds for innovative programs that are structured to provide
whole-neighborhood building energy retrofits. These will be projects
that demonstrate a sustainable business model for providing costeffective energy upgrades for a large percentage of the residential,
commercial, and public buildings in a specific community. DOE
expects to make 8 to 20 awards under this topic area, with award size
ranging from $5-75 million. Eligible entities include states, formulaeligible local and tribal governments, entities eligible under Topic 2,
and nonprofit organizations authorized by the preceding entities.
x Topic 2: General Innovation Fund, $64 million. The second topic
area will award up to $64 million to help expand local energy efficiency
efforts and reduce energy use in the commercial, residential,
transportation, manufacturing, or industrial sectors. DOE expects to
make 15 to 60 awards, with award size ranging from $1-5 million.
Eligible entities include local and tribal governments that were not
eligible to receive population-based formula grant allocations from
DOE under the EECBG program; a governmental, quasi-
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State Energy
Program

Type

Grant

Description
governmental, or non-governmental, nonprofit organization authorized
by and on behalf of a unit of local government (or Indian tribe) that
was not an eligible entity; or a consortia of units of local governments
(or tribes) that were not eligible entities.

Expiration Date

For complete details on the availability of funds please visit the EECBG
Web site, or the Partnership's funding database.
The State Energy Program (SEP) provides grants to states to address their
energy priorities in the areas of energy efficiency and development of
renewable energy technologies. The ARRA appropriated $3.1 billion for the
program for fiscal year 2009. In order for a state to be eligible for these
funds, it must commit to all three of the following:
x Instituting policies at state-regulated utilities that support energy
efficiency;
x Adopting energy efficient building codes; and
x Prioritizing grants toward funding energy efficiency and renewable
energy programs.
States will have discretion over how the money is distributed. Local
governments and others interested in developing CHP projects should
contact their State Energy Office to learn more about their state's process
for distributing grants. DOE has posted the list of State Energy Offices. In
Maine, SEP funds are directed to Efficiency Maine and starting July 1, 2010
will be directed to the Efficiency Maine Trust.

Innovative Energy
Efficiency,
Renewable
Energy, and
Advanced
Transmission and
Distribution Loan
Guarantees

Loan

The Weatherization and Intergovernmental Program in the DOE Office of
Energy Efficiency and Renewable Energy manages SEP. More information
about SEP can be viewed on the SEP Web site.
The Energy Policy Act of 2005 authorized the U.S. Department of Energy to
issue loan guarantees to eligible projects that avoid, reduce, or sequester
air pollutants or anthropogenic emissions of greenhouse gases. The
projects need to employ new or significantly improved technologies when
compared to technologies in service in the United States at the time the
guarantee is issued. Under the solicitation that closed in February 2009, the
minimum application fee was $75,000, which indicates that the program has
historically been designed to support larger scale renewable energy and
bio-fuel projects. DOE periodically publishes requests for applications for
loan guarantees, which can target specific technologies or be general.
ARRA expanded the loan guarantee program with $6 billion for renewable
energy systems, bio-fuel, and electric power transmission projects.
"Renewable energy systems" include those that generate electricity or
thermal energy (or manufacture component parts of such systems). Bio-fuel
projects are limited to those that are likely to become commercial
technologies and will produce transportation fuels that substantially reduce
life-cycle greenhouse gas emissions compared to other transportation fuels.
The 2009 funds are limited to projects that commence construction by
September 30, 2011.

Community
Based
Renewable

Loan
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More information about DOE's loan guarantee program, including
solicitation announcements, is available on the program's Web site.
In response to legislative direction, the MPUC established a communitybased renewable energy pilot program to encourage the sustainable
development of community-based renewable energy in the State. The
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Program
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Description
program is not to exceed 50 megawatts (MW) in capacity and eligible
projects must include qualifying owners, community support, gridconnection, and capacity not to exceed 10 MW. One of two incentives can
be applied to projects, either long-term contracts or a set renewable energy
credit multiplier set at 150% of the amount of the electricity. The State may
give purchasing preference to electricity generated by community-based
renewable projects, the MPUC can incorporate into the supply of the
standard-offer service and shall arrange for a green power offer composed
of green power supply and will incorporate green power supply from
community-based renewable energy projects to the maximum extent
possible.
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