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U.S. DOE CHP Technical Assistance Partnerships 
(CHP TAPs)

• End User Engagement
Partner with strategic End Users to advance technical solutions using CHP as a 
cost effective and resilient way to ensure American competitiveness, utilize local 
fuels and enhance energy security.  CHP TAPs offer fact-based, non-biased 
engineering support to manufacturing, commercial, institutional and federal 
facilities and campuses. 

• Stakeholder Engagement
Engage with strategic Stakeholders, including regulators, utilities, and policy 
makers, to identify and reduce the barriers to using CHP to advance regional 
efficiency, promote energy independence and enhance the nation’s resilient grid. 
CHP TAPs provide fact-based, non-biased education to advance sound CHP 
programs and policies.

• Technical Services
As leading experts in CHP (as well as microgrids, heat to power, and district 
energy) the CHP TAPs work with sites to screen for CHP opportunities as well as 
provide advanced services to maximize the economic impact and reduce the risk 
of CHP from initial CHP screening to installation.

www.energy.gov/chp

National Manufacturing Day 2019 at the 
University of Illinois at Chicago
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DOE CHP Deployment 
Program Contacts
www.energy.gov/CHPTAP

Robert “Bob” Schmitt
Technology Manager
Office of Energy Efficiency and 
Renewable Energy
U.S. Department of Energy
Robert.Schmitt@ee.doe.gov

Patti Garland
DOE CHP TAP Coordinator [contractor]
Office of Energy Efficiency and 
Renewable Energy
U.S. Department of Energy
Patricia.Garland@ee.doe.gov

DOE CHP Technical Assistance Partnerships (CHP TAPs)

DOE CHP Deployment 
Program Contacts
www.energy.gov/CHPTAP

Robert “Bob” Schmitt
Technology Manager
Office of Energy Efficiency and 
Renewable Energy
U.S. Department of Energy
Robert.Schmitt@ee.doe.gov

Patti Garland
DOE CHP TAP Coordinator [contractor]
Office of Energy Efficiency and 
Renewable Energy
U.S. Department of Energy
Patricia.Garland@ee.doe.gov

DOE CHP Technical Assistance Partnerships (CHP TAPs)

DOE CHP Technical Assistance Partnerships (CHP TAPs)
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Key Strategic Pillars of the 
DOE Industrial Decarbonization Roadmap
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U.S. DOE “Industrial Decarbonization Roadmap”

“The science is clear that significant greenhouse gas (GHG) 
emissions reductions are needed to moderate the severe 

impacts of ongoing climate change. Bold action is needed, 
and the Biden Administration has set goals of 100% carbon 

pollution-free electricity by 2035 and net-zero GHG 
emissions by 2050.” – Page 14

“The U.S. industrial sector is considered a 
“difficult-to-decarbonize” sector of the energy economy, 
in part because of the diversity of energy inputs that feed 

into a heterogenous array of industrial processes and 
operations.” – Page 14
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Source: https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap


U.S. DOE “Industrial Decarbonization Roadmap” (cont.)

Definition of Industrial Decarbonization: 

o Industrial decarbonization refers to the phasing out of GHG 
emissions from the industrial sector. 

o Globally, the most important gases contributing to the GHG 
effect are carbon dioxide (CO2), methane (CH4), nitrous oxide 
(N2O), and fluorinated gases. 

o While emissions of all of these gases must be minimized to 
achieve U.S. industrial decarbonization, scenario modeling in 
this roadmap focuses primarily on energy-related CO2

emissions attributable to industrial activity. 

o In the U.S., CO2 emissions represent over 80% of U.S. 
manufacturing energy-related GHG emissions on a CO2-
equivalent basis.
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Source: https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap


Key Recommendations from the Industrial 
Decarbonization Roadmap
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Source: https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap


Industrial Decarbonization and American Jobs
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Source: https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap

“Decarbonizing the industrial sector is critical to labor and equity goals. Workforce development and technical assistance 
programs, like DOE's Industrial Assessment Centers, will help prepare the existing 11.4 million American manufacturing 

workers and future workforce for the clean industry transition, improving health outcomes and long-term job prospects.”

“Decarbonizing the industrial sector is critical to equity goals, specifically the Administration's Justice40 Initiative, which 
pledges that at least 40% of overall benefits from Federal investments in climate and clean energy be delivered to 

disadvantaged communities.” 

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap


U.S. Primary Energy-Related CO2 Emissions                                                 
by End Use Sector and Breakout by Industrial Subsector
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Source: https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap


Distribution of Process Heat Temperature Ranges                                       
by Industrial Subsector
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Source: https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap


Strategies for Decarbonizing U.S. Industries
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Source: https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap

The DOE Industrial Decarbonization 
Roadmap identifies 4 key 
technological pillars to significantly 
reduce emissions for these five 
subsectors studied. With the 
application of alternative 
approaches, 100% of annual CO2 
emissions could be mitigated.

1. Energy Efficiency

2. Industrial Electrification

3. Low-Carbon Fuels, Feedstocks, 
and Energy Sources (LCFFES)

4. Carbon Capture, Utilization, 
and Storage (CCUS)

Energy Efficiency 

Industrial 
Electrification  

Low-Carbon Fuels, 
Feedstocks, and Energy 

Sources (LCFFES)

Carbon Capture, 
Utilization, and 
Storage (CCUS)

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap


Path to Net-Zero Industrial CO2 Emissions in U.S. for 
5 Carbon-Intensive Industrial Subsectors
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Source: https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap


Key Technology Pillar: Energy Efficiency
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Source: https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap

Energy efficiency is a foundational, crosscutting 
decarbonization strategy and is the most cost-
effective option for GHG emission reductions in 
the near term. 

Decarbonization efforts include: 

• Strategic energy management approaches to 
optimize performance of industrial processes 
at the system-level

• Systems management and optimization of 
thermal heat from manufacturing process 
heating, boiler, and combined heat and power 
(CHP) sources

• Smart manufacturing and advanced data 
analytics to increase energy productivity in 
manufacturing processes

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap


Key Technology Pillar: Industrial Electrification
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Source: https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap

Leveraging advancements in low-carbon electricity 
from both grid and onsite renewable generation 
sources will be critical to decarbonization efforts.

Decarbonization efforts include:

• Electrification of process heat using induction, 
radiative heating, or advanced heat pumps

• Electrification of high-temperature range 
processes such as those found in iron, steel, and 
cement making

• Replacing thermally-driven processes with 
electrochemical ones

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap


Key Technology Pillar: Low-Carbon Fuels, Feedstocks, 
and Energy Sources (LCFFES)
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Source: https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap

Substituting low-and no-carbon fuel and 
feedstocks reduces combustion 
associated emissions for industrial 
processes. 

Decarbonization efforts include: 

• Development of fuel-flexible processes

• Integration of hydrogen fuels and 
feedstocks into industrial applications

• The use of biofuels and bio feedstocks

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap


Key Technology Pillar: Carbon Capture, Utilization, 
and Storage (CCUS)
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Source: https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap

CCUS refers to the multi-component strategy of 
capturing generated carbon dioxide (CO2) from a 
point source and utilizing the captured CO2 to 
make value added products or storing it long-
term to avoid release. 

Decarbonization efforts include: 

• Post-combustion chemical absorption of CO2

• Development and manufacturing 
optimization of advanced CO2 capture 
materials that improve efficiency and lower 
cost of capture

• Development of processes to utilize captured 
CO2 to manufacture new materials

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap


Landscape of Major RD&D Investment Opportunities for Industrial 
Decarbonization across All Subsectors by Decade & Decarbonization Pillar
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Source: https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap


Combined Heat and Power: 
A Decarbonization Tool
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CHP: A Key Part of Our Energy Future

 Form of Distributed Generation (DG)

 An integrated system

 Located at or near a                        
building / facility

 Provides at least a portion of the 
electrical load and

 Uses thermal energy for:

o Space Heating / Cooling

o Process Heating / Cooling

o Dehumidification

Source:  https://www.energy.gov/eere/amo/combined-heat-and-
power-basics

CHP applications can operate at about 75% efficiency, a 
significant improvement over the national average of about 

50% for these services when provided separately.
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CHP Installations Today in the United States 
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Existing CHP Capacity (81.5 GW)

Avoids 1.3 Quadrillion 
Btus of fuel consumption 

annually.

Avoids 218 million 
tons of CO2 compared 
to separate production.

81.5 GW of installed 
CHP at more than 4,700

industrial and commercial 
facilities. 

7% of U.S. electric 
generating capacity; 

13% of generation.

Source: DOE CHP Installation Database (U.S. Installations through 
December 31, 2021 as of August 2022)



CHP Provides both Energy and CO2 Emissions Savings

Power Plant
Power 
Plant

Boiler

Combined Heat and 
Power (CHP)

20 MW 
Gas Turbine

Annual 
Consumption

157,680 MWh
Electricity

169,466 MWhth

Thermal

Electricity Electricity

Thermal Thermal

1,497,877 
MMBtu

722,771
MMBtu

1,592,348 
MMBtu

35% Efficiency (w/T&D)

80% Efficiency

120,941 tons/yr CO2

42,246 tons/yr CO2

93,073 tons/yr CO2

49% Total Efficiency 70% Total Efficiency

Combined Heat and Power Separate Heat and Power 20 MW Gas Turbine CHP System

• Natural gas fuel

• 90% load factor (7,884 hours)

• 33.8% electric efficiency

• 75.7 MMBtu/hr steam output

• 100% thermal utilization

• Displaces 80% efficient 
natural gas boiler

• CO2 savings based on displacing EPA 
AVERT Uniform EE grid emissions 
factor (1,534 lbs CO2/MWh)

Energy savings:  628,300 MMBtu/yr

CO2 Savings:   70,114 tons/yr

Prepared by Entropy Research, LLC, 7/28/2022 
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CHP’s Opportunity with Decarbonization

RNG

Electricity

Biogas plants

CH4

Hydrogen / H2

Heat

Electricity

-

+

Power to Gas

Electricity

Decentralized 
energy storage

Gas storage

CHP in a Decarbonized Economy

Source:  Based on 2G Energy

• CHP is fuel flexible - CHP currently uses renewable fuels, low carbon waste fuels, and hydrogen where available, 

and will be ready to use higher levels of biogas, renewable natural gas (RNG) and hydrogen in the future

• CHP is the most efficient way to generate power and thermal energy, and can reduce CO2 emissions now and in 

the future

• Net-zero CHP can decarbonize industrial 

and commercial facilities that are difficult 

to electrify

• Net-zero CHP can decarbonize critical facilities 

that need dispatchable on-site power for long duration 

resilience and operational reliability

• CHP’s high efficiency can extend the supply of renewable, 

low carbon and hydrogen fuels

• CHP can provide dispatchable net-zero generation and regulation support 

to maintain the long-run resource adequacy of a highly renewable grid
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Average vs Marginal Rates

Power generation in the United 

States generally follows a 

“dispatch order”, which can be 

thought of as a stack of resources 

to meet required loads at any 

point in time.  DG such as CHP 

don’t replace every resource in the 

grid, but only certain resources. 
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CHP Is the Most Efficient Marginal Generation

• CHP has higher net electric efficiency than 
state-of-the-art marginal natural gas 
generation (combined cycle)

• CHP systems have lower net GHG 
emissions than marginal natural gas 
generation (lbs CO2/MWh)

• CHP can meet marginal grid loads more 
efficiently and with less CO2 emissions

• CHP’s efficiency and emissions advantages 
will remain as the natural gas 
infrastructure decarbonizes 
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20 MW Gas
Turbine CHP
w/Duct Firing

Microturbine
CHP 200 kW

Recip Engine
CHP 1 MW

Recip Engine
CHP 100 kW

Natural Gas
Combined

Cycle
Powerplant

Natural Gas
Engine

Powerplant

Effective CO2 Emissions, lbs/MWh
Displaced Boiler Efficiency = 80%

Comparing Emissions of CHP and Power Plant Technologies

Prepared by: Entropy Research, LLC, 10/5/21
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U.S. Net Electricity Generation by Fuel Type 

Source: https://www.eia.gov/outlooks/aeo/

https://www.eia.gov/outlooks/aeo/


CHP’s High Efficiency Saves Emissions Today

Category
Natural 

Gas   CHP
Utility       

Solar PV
Utility       
Wind

Biogas  
CHP

Capacity, MW 20.0 43.3 30.7 20.0

Annual Capacity Factor 90% 24.3% 34.3% 90%

Annual Electricity, MWh 157,680 92,096 92,096 157,680

Annual Thermal Provided, 
MWhth

169,466 None None 169,466

Annual Energy Savings, 
MMBtu

689,110 863,954 863,954 689,110

Annual CO2 Savings, Tons 71,375 71,375 71,375 164,448

Annual NOx Savings, Tons 59.8 39.1 39.1 59.8

Savings based on EPA AVERT Uniform EE Emissions Factors as a first level 

estimate of displaced marginal generation (https://www.epa.gov/avert)

Prepared by: Entropy Research, LLC, 9/26/21

• CHP and renewables displace marginal grid 

generation (including T&D losses)

• Marginal generation is currently a mix of coal and 

natural gas in most regions of the US

• CHP’s high efficiency and high annual capacity factor 

currently results in significant annual energy and 

emissions savings

• CHP’s efficiency advantages will continue as the gas 

infrastructure decarbonizes

“Because emissions are cumulative and because we 

have a limited amount of time to reduce them, carbon 

reductions now have more value than carbon 

reductions in the future”

Source: “Time Value of Money”, Larry Stein, 
Carbon Leadership Forum, April 2020
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Renewable and Net-Zero Carbon Fuels Maintain CHP’s Advantage

Avoided Grid Emissions with CHP 
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DOE CHP TAP 
Technical Assistance Services

and Resources
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Steps to Developing a CHP Project and the Technical 
Assistance Available through the CHP TAPs
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No-Cost CHP Resources

DOE CHP Installation Database EPA dCHPP (CHP Policies and 

Incentives Database)
State of CHP PagesDOE CHP Technologies 

Fact Sheet Series

DOE Project Profile 
Database 

DOE Policy/ Program 

Profiles
DG for Resilience 

Planning Guide
CHP Issue Brief Series
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Newly Available Federal Incentives through the IRA

• Federal Investment Tax Credit (ITC) has been 
increased from 10% to 30-50%

• ITC available for natural gas-powered CHP 
until December 2024; a 5% Safe Harbor 
provision extends this deadline. 

• Prevailing Wage Requirements 

• Apprentice Requirements  

• Bonus Credits +10%

• Available for Tax-Exempt Entities (direct pay 
and transferability)

32

Source: CHP Alliance, “CHP AND WHP IN THE INFLATION REDUCTION ACT 
– FREQUENTLY ASKED QUESTIONS,” December 2022 



Summary

• Industrial sector is considered a “difficult-to-decarbonize” sector of the 
energy economy

• Four (4) key strategic decarbonization pillars identified in DOE roadmap: 
1) energy efficiency, 2) electrification, 3) low carbon fuels, and 4) carbon 
capture, utilization, storage

• High efficiencies of CHP can provide carbon savings today and into the 
future

• Federal tax credits are available to help reduce capital costs

• DOE CHP TAP can provide no-cost technical assistance to evaluate 
technical and economic viability of CHP
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Thank You

www.energy.gov/chp

Cliff Haefke
Director, US DOE Midwest CHP Technical Assistance Partnerships

chaefk1@uic.edu
(773) 495-6820
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Appendix
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Summary of 4 Strategic Industrial Decarbonization Pillars
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Source: https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap

Energy Efficiency Industrial Electrification Low-Carbon Fuels, Feedstocks, 
and Energy Sources (LCFFES)

Carbon Capture, Utilization, and 
Storage (CCUS)

Summary Energy efficiency is a foundational, 
crosscutting decarbonization
strategy and is the most cost-
effective option for GHG emission 
reductions in the near term. 

Leveraging advancements in low-
carbon electricity from both grid and 
onsite renewable generation sources 
will be critical to decarbonization
efforts.

Substituting low-and no-carbon 
fuel and feedstocks reduces 
combustion associated emissions 
for industrial processes. 

CCUS refers to the multi-component 
strategy of capturing generated 
carbon dioxide (CO2) from a point 
source and utilizing the captured 
CO2 to make value added products 
or storing it long-term to avoid 
release. 

Decarbonization 
Efforts

• Strategic energy management 
approaches to optimize 
performance of industrial 
processes at the system-level

• Systems management and 
optimization of thermal heat 
from manufacturing process 
heating, boiler, and combined 
heat and power (CHP) sources

• Smart manufacturing and 
advanced data analytics to 
increase energy productivity in 
manufacturing processes

• Electrification of process heat using 
induction, radiative heating, or 
advanced heat pumps

• Electrification of high-temperature 
range processes such as those found 
in iron, steel, and cement making

• Replacing thermally-driven processes 
with electrochemical ones

• Development of fuel-flexible 
processes

• Integration of hydrogen fuels 
and feedstocks into industrial 
applications

• The use of biofuels and bio 
feedstocks

• Post-combustion chemical 
absorption of CO2

• Development and manufacturing 
optimization of advanced CO2 
capture materials that improve 
efficiency and lower cost of 
capture

• Development of processes to 
utilize captured CO2 to 
manufacture new materials

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap


Technical Maturity Levels of Select Decarbonization Technologies Discussed 
During Roadmap Virtual Meetings for the U.S. Steel Manufacturing Industry
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Source: https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap


Technical Maturity Levels of Select Decarbonization Technologies 
Discussed for the U.S. Chemical Manufacturing Industry
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Source: https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap


Technical Maturity Levels of Select Decarbonization Technologies 
Discussed for the Food and Beverage Manufacturing Industry
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Source: https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap


Technical Maturity Levels of Select Decarbonization Technologies 
Discussed for the Petroleum Refining Subsector
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Source: https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap


Technical Maturity Levels of Select Decarbonization Technologies 
Discussed during Roadmap Virtual Meetings for the U.S. Cement Industry
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Source: https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap


Landscape of DOE Office Activities Across the 4 Decarbonization 
Pillars to Achieve Net-Zero Emissions by 2050
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Source: https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap


Industrial Energy Efficiency Assessments with 
US DOE Industrial Assessment Centers (IACs)
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The IAC program has already 
conducted over 20,475

assessments with more than 
153,108 associated 

recommendations. Average 
recommended yearly savings is 

$138,295 (as of 3/15/23).

Eligibility Requirements

• Within Standard Industrial 
Codes (SIC) 20-39

• Located less than 150 miles of 
a participating university

• Gross annual (site) sales below 
$100 million

• Fewer than 500 employees at 
the plant site

• Annual energy bills more than 
$100,000 and less than $3.5 
million

• No professional in-house staff 
to perform assessments

Three Main Objectives:

1. Assessments – IACs provide no-cost energy assessments to small-to-
medium sized manufacturing plants and wastewater treatment plants

2. Workforce Development – IACs train the next-generation of energy savvy 
engineers to implement energy efficiency assessments.

3. Research – IACs conduct research on cutting edge technologies to identify 
new potential methods of cost effective energy reduction.

Contact the DOE IAC at 
MSU for a future 

assessment: 
https://iac.msu.edu/

Source: https://iac.university/

https://iac.msu.edu/
https://iac.university/


100% Clean Energy States
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100% Clean Energy States
Regions that have adopted official zero-GHG or 100% renewable 
energy goals for their power sector or whole economy.

Midwest 
State

Goal Comments

Illinois
100% clean energy 
by 2050

2021 legislation (SB2408) established a goal 
of 100% clean energy by 2050, with interim 
targets of 40% by 2030 and 50% by 2040.

Michigan
Economy-wide
carbon neutrality 
by 2050

Governor Gretchen Whitmer’s order in 
2020 (Executive Directive 2020-10) set a 
goal “to achieve economy-wide carbon 
neutrality no later than 2050.” It directed 
the Department of Environment, Great 
Lakes, and Energy to develop a plan by the 
end of 2021.

Minnesota
100% carbon-free 
electricity by 2040

2023 legislation (SF 4) requires electric 
utilities to get 100% of the electricity they 
sell from carbon-free sources by 2040, 
including renewables and nuclear power. 
There are interim targets of 80% carbon-
free power in 2030 and 90% in 2035. The 
legislation also increases the state’s 
Renewable Energy Standard to 55% by 
2035. 

Wisconsin
100% carbon-free 
electricity by 2050

Governor Tony Evers’ Executive Order 
(EO38) in 2019 directed a new Office of 
Sustainability and Clean Energy to “achieve 
a goal” of all carbon-free power by 2050.

Source: https://www.cesa.org/projects/100-clean-energy-collaborative/

https://www.cesa.org/projects/100-clean-energy-collaborative/

