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This fact sheet provides an overview and status of combined heat and power (CHP) applications,
benefits, technologies, and economics in Missouri.

What is combined heat and power (CHP)?

Combined heat and power (CHP), also known as cogeneration, refers to an array of proven
technologies that concurrently generate electricity and useful thermal energy from the same
conventional or renewable fuel sources. CHP is a form of local or distributed generation as heat
and power production take place at or near the point of consumption. CHP generally is more
energy efficient than the separate generation of electricity and useful thermal energy. CHP can
be used to either replace or supplement conventional heat and/or power.

What are the benefits of CHP?

CHP applications have multiple benefits, including:

- Increased energy efficiency. The typical method of separate centralized electricity generation
and on-site heat generation has a combined efficiency of about 45 percent. CHP systems
typically achieve total system efficiencies ranging from 60 to 80 percent for producing electricity
and thermal energy. Higher efficiency can translate into lower operating costs, reduced emissions
of all pollutants, increased reliability and power quality, reduced grid congestion, and avoided
distribution losses.

- Reduced air emissions. Since less fuel is consumed in CHP applications than equivalent
separate heat and power systems to produce the same amount of energy, greenhouse gas
emissions, such as carbon dioxide (CO,), as well as pollutants like nitrogen oxides (NOy) sulfur
dioxide (SO,) and mercury (HQg), are reduced.

- Enhanced grid reliability and resilience. The properly designed CHP systems can provide
critical power reliability for a variety of businesses and organizations. They can provide resilient
power for critical services in the face of grid outages or emergencies.

- Reduced energy and infrastructure costs. CHP applications offer a variety of economic benefits
for large energy users, including lower energy costs, an offset to capital costs, protection of
revenue streams and a hedge against volatile energy prices. Additional investments in new
electricity transmission and distribution infrastructure can be deferred or avoided.

What are the different types of CHP processes?

Each CHP application involves the recovery of otherwise wasted thermal energy to produce
useful thermal energy or electricity. There are two distinct types of CHP processes: topping cycle
and bottoming cycle. In a topping cycle CHP process, the fuel is first used to generate electricity



or mechanical energy and a portion of the waste heat from power generation is then used to
provide useful thermal energy. In the less common bottoming cycle CHP process, the fuel is first
used to produce useful heat for a manufacturing process via combustion or other heat-generating
chemical reactions and some portion of the exhaust heat is recovered to generate electricity.
Bottoming cycle is sometimes referred to as waste heat to power (WHP). Bottoming-cycle CHP
applications are used more in process industries, such as glass and steel, where high temperature
furnaces would otherwise release waste heat to the environment.

What kinds of facilities are good candidates for CHP applications?

CHP can be utilized in a variety of applications that have significant electric and thermal loads.
Most CHP applications in the U.S. are found in energy-intensive industrial sectors, such as
chemicals, paper, refining, food processing, and metals manufacturing. CHP in commercial and
institutional applications accounts for about 12 percent of existing capacity, providing electricity,
steam, and hot water to hospitals, schools, university campuses, hotels, nursing homes, office
buildings and apartment complexes.

What are the primary fuel sources for CHP applications?

CHP systems can be powered by a variety of both fossil and renewable fuels, including natural
gas, coal, oil, biogas, landfill gas and various forms of biomass. In recent years, natural gas has
been the predominant fuel for CHP systems, while biomass and wastes or by-products from
various industrial processes, agriculture, or commercial activities are expected to gain a larger
share with growing environmental and energy security concerns. Some CHP technologies can
operate with multiple fuel types, making the system less vulnerable to fuel availability and
volatile commodity prices.

What are the major CHP technologies?

CHP systems are categorized based on their prime movers (the heat engines). The prime mover
consumes fuels to power a generator to produce electricity or to drive rotating equipment. Prime
movers also produce thermal energy that can be captured and used for other on-site processes
such as generating steam or hot water, heating air for drying, or chilling water for cooling. There
are currently five primary, commercially available prime movers: gas turbines, steam turbines,
reciprocating engines, microturbines, and fuel cells.

Steam turbines and gas turbines are the prime movers best suited for industrial processes due to
their large capacity and ability to produce the medium- to high-temperature steam typically
needed in industrial processes.

Reciprocating internal combustion engines are the most widespread technology for commercial
and light industrial CHP applications of less than 5 megawatts (MW). Spark ignition (SI) engines
are the most common type of reciprocating engines used for CHP. They generally run on natural
gas, though they can also run on propane, landfill gas and biogas.

Microturbines are small, compact, lightweight combustion turbines that typically have power
outputs of 30 to 300 kilowatts (kW). A heat exchanger recovers thermal energy from the
microturbine exhaust to produce hot water or low-pressure steam. The thermal energy from the



heat recovery system can be used for potable water heating, absorption cooling, dessicant
dehumidification, space heating, process heating, and other building uses. Microturbines can
burn a variety of fuels including natural gas and liquid fuels.

Fuel cells are an emerging technology with the potential to serve power and thermal needs with
very low emissions and with high electrical efficiency. Fuel cells use an electrochemical or
battery-like process to convert the chemical energy of hydrogen into water and electricity. The
hydrogen can be obtained from processing natural gas, coal, methanol, and other hydrocarbon
fuels. As a less mature technology, fuel cells have high capital costs, an immature support
infrastructure, and technical risk for early adopters.

For waste heat to power (WHP) applications, the steam Rankine cycle is the most commonly
used system which involves using the heat to generate steam in a waste heat boiler. Other
organic and inorganic fluids, such as a mixture of water and ammonia, can be used as well to
achieve more efficient energy extraction from the heat source.

What are the costs of CHP systems?

The costs of CHP systems can vary significantly depending on technology, system size, location,
labor, financial incentives and energy and environmental policies. For instance, a 50 MW gas
turbine CHP system (e.g., municipal power plant) might cost more than $50 million while a1
MW reciprocating engine CHP system (e.g., for a hospital) might have a capital cost of less than
$3 million. Generally, with the same fuel and configuration, costs for CHP systems per kilowatt
of capacity decrease as size increases.

What should be considered for CHP applications?

Generally speaking, CHP applications are on a case-by-case basis and each system has to be
adapted to meet the needs of an individual building or facility. System design is conducted based
on the location, size, and energy requirements of the site. CHP is not limited to any specific type
of facility but is generally used in operations with sustained heating requirements. Most CHP
systems are designed to meet the heat demand of the energy user since this leads to the most
efficient systems. Larger facilities generally use customized systems, while smaller-scale
applications can use prepackaged units.

What is the current status of CHP applications in Missouri?

Compared to other states, there has been limited development of CHP in Missouri, due in part to
lower than average electricity costs. There are approximately 20 CHP projects with a cumulative
generation capacity of more than 230 MW for various applications, such as district energy,
process heat, and building heating and cooling. With system sizes ranging widely from less than
100 kW to over 80 MW, a large majority of these CHP systems use fossil fuels, like natural gas,
coal or oil to power steam turbines and reciprocating engines. The remaining applications
predominately use various types of biomass (wood, landfill gas and digester biogas) to achieve
additional environmental benefits. As a valuable distributed generation technology and demand
side management measure, CHP has been increasingly evaluated by utilities in long term
planning and industrial energy efficiency programs in recent years.



Policies supportive of CHP development could increase applications in Missouri. In its 2011
report on Missouri’s energy efficiency potential, the American Council for an Energy Efficient
Economy (ACEEE) concludes that Missouri has significant technical potential for CHP capacity
-3, 600 MW. With incentives that reduce costs by $1,000 per MW installed, an estimated
additional 220 MW of CHP would be cost-effective and feasible by 2025, compared to a
business-as-usual projection of only an additional 20 MW.

A list of existing CHP systems in Missouri, along with their major specifications, can be found at
Combined Heat and Power Installation Database developed by ICF International.

For more information, please contact:

Missouri Department of Economic Development
Division of Energy

PO Box 1766

Jefferson City MO 65102-0176
1-855-522-2796

(573) 751-2254

(573) 751-6860 (fax)


http://prepro-ded.mo.gov/energy/docs/aceestudy.pdf
http://www.eea-inc.com/chpdata/

Useful CHP Resources

1. DOE’s Industrial Distributed Energy

The DOE’s Industrial Distributed Energy activities accelerate deployment of innovative CHP
solutions through the support of technology development efforts, demonstrations, and technology
performance validation projects conducted through public-private collaborations. One of the
program’s focus areas is to provide users with the tools to evaluate the potential of CHP and
enable implementation of CHP systems in industrial applications.

2. EPA’s Combined Heat and Power Partnership

The CHP Partnership is a voluntary program seeking to reduce the environmental impact of
power generation by promoting the use of CHP. The Partnership works with energy users, the
CHP industry, state and local governments, and other clean energy stakeholders to facilitate the
development of new projects and to promote their environmental and economic benefits.

3. Midwest CHP Technical Assistance Partnerships (TAPS)

Midwest CHP TAP promotes and assists in transforming the market for CHP, waste heat to
power, and district energy technologies and concepts throughout the Midwestern states. Its key
services include market opportunity analyses, education and outreach, and technical assistance.

4. CHP Association (CHPA)

CHP Association (CHPA) is a private, non-profit 501(c)6 trade association that brings together
diverse market interests to promote the growth of clean, efficient local energy generation in the
United States. CHPA’s mission is to increase deployment of combined heat and power and waste
energy recovery systems to benefit the environment and the economy.

5. dCHPP (CHP Policies and Incentives Database)
The dCHPP is an online database that allows users to search for CHP policies and incentives by
state or at the federal level.

6. CHP Project Development Handbook

This handbook provides information, tools, and hints on project development, CHP technologies,
and the resources of the CHP Partnership. It can assist energy users to design, install, and operate
CHP systems at their facilities.

7. CHP Emission Calculator

The EPA’s CHP Emission Calculator estimates the difference between the anticipated carbon
dioxide (COy), sulfur dioxide (SO,), nitrogen oxide (NOy), and carbon dioxide equivalent (CO,e)
emissions from a CHP system to those of a separate heat and power system. The calculator also
presents estimated emissions reductions as metric tons of carbon equivalent and emissions from
passenger vehicles.



https://www1.eere.energy.gov/manufacturing/distributedenergy/index.html
http://www.epa.gov/chp/
http://www.midwestchptap.org/
http://www.chpassociation.org/
http://www.epa.gov/chp/policies/database.html
http://www.epa.gov/chp/documents/chp_handbook.pdf
http://www.epa.gov/chp/basic/calculator.html
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