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EMISSIONS
REDUCING CARBON

and electric grid support and have also long used alter-

native fuels such as biomass and wood, biogas and land-

fill gas, municipal and process wastes, waste gas streams 

and hydrogen mixtures.

CHP is well positioned to use higher levels of such low 

and zero carbon resources as they become more avail-

able, while maintaining its significant energy-efficiency 

and CO2 emissions advantages. In this article, we lay out 

the case for appropriately applying natural gas-fueled 

CHP, also known as cogeneration, is an integrated set of 

technologies for the simultaneous on-site production of 

electricity and heat. On-site generation of electrical and 

thermal energy with CHP results in emissions reduc-

tions today primarily by displacing fossil fuel emissions 

from central electricity generation, eliminating trans-

mission and distribution (T&D) losses and avoiding the 

use of an on-site boiler (to meet thermal needs). CHP 

systems are also widely applied for reliability, resilience 
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CHP systems today and the likely transitional pathways 

to zero carbon CHP systems in the future.

The Problem
Achieving a net zero carbon future will require a his-

toric transformation in all energy-producing and con-

suming sectors of the U.S. According to the U.S. Energy 

Information Administration,1 in 2021—a year of reduced 

energy consumption and GDP output—renewable energy 

comprised 12.2% of total source energy consumption, 

providing 19% of electric power generation energy input, 

9% of industrial energy input and 3% of commercial 

energy input.*

Full electrification of end-use sectors will require an 

unprecedented expansion of renewable and zero carbon 

energy generation to replace both existing power gener-

ation and to power direct on-site energy uses now based 

on fossil fuels. The transition to deep decarbonization 

will also require enormous investments in expanded 

electric transmission and distribution capacity and in 

backup and grid support infrastructure to ensure opera-

tional reliability.

The ultimate path to deep decarbonization will need to 

address the availability and cost of new generation and 

transmission and distribution infrastructure, cost and 

performance of energy storage, economic options for 

industrial processes and other end-use applications that 

will be difficult or cost-prohibitive to electrify, the need 

for long-duration energy resilience and reliability for 

critical facilities and the need for some form of dispatch-

able generation to ensure long-run resource adequacy of 

a highly variable, zero carbon grid.†

CHP Can be Part of the Solution
Recognition is growing that the enormity of the tran-

sition to a zero carbon economy will require multiple 

*Industrial and commercial renewable numbers are direct renewable energy input; renewable grid electricity inputs are not 
available.
†As an example, New York State has identified that 17.4 gigawatts (GW) of dispatchable emissions-free resources (DEFRs) will be 
needed to support the grid in their 2050 load projections.2
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pathways, as not all strategies will be 100% successful 

or applicable. Deep decarbonization of the economy is 

likely to rely on the combination of converting end-use 

applications to zero carbon electricity and the use of low 

to zero carbon fuels. As a combustion technology, CHP is 

sometimes not seen as part of the energy transition and 

certainly not as part of the final energy solution, a view 

challenged by several factors:

 • CHP is fuel flexible with a long track record of ef-

ficiently using low and zero carbon fuels;

 • CHP is the most efficient way to generate power and 

thermal energy, and natural gas CHP can deliver signifi-

cant CO2 emissions reductions today and can continue to 

reduce emissions in the near- to mid-term;

 • Net zero carbon-fueled CHP can decarbonize thermal 

end-uses in industrial and commercial facilities that are 

difficult or too costly to electrify;

• Net zero carbon-fueled CHP can decarbonize

critical facilities that need dispatchable on-site power 

for long duration resilience and operational reliabil-

ity; and

 • Net zero carbon-fueled CHP can serve as a dispatch-

able and emissions-free resource (DEFR) to support the 

long-run resource adequacy of a highly renewable grid.

Current Status of CHP
CHP has long been used in industry and commercial/

institutional applications to provide reliable heat, cooling 

and power with high efficiency and low emissions. The 

81.5 gigawatts (GW) of existing industrial CHP deployed 

at over 4,700 industrial plants, district energy systems 

and commercial businesses in the U.S. currently save an 

estimated 1.3 quads (1,372 PJ) of fuel and 218 million tons 

(198 MMT) of CO2 emissions annually.‡ Industrial applica-

tions represent 86% of existing CHP capacity, and CHP is 

used in industries with high process thermal demands 

such as chemical manufacturing, refining, pulp and 

paper, and food processing. Use of CHP has been grow-

ing in commercial and institutional applications and is 

particularly valued for providing resilient heat and power 

to critical infrastructure such as hospitals, universities, 

military facilities and data centers.

‡Data compiled from the U.S. Department of Energy Combined Heat and Power Installation Database hosted by ICF Internation-
al. https://doe.icfwebservices.com/chp

FIGURE 1. Current CHP installations in the U.S. by fuel type. Waste fuels include waste heat, black liquor, municipal solid 

waste and industrial off gases. Other fuels used include hydrogen, geothermal, solar and unknown fuel types. Source: DOE CHP 

Installation Database (U.S. installations through December 31, 2021 as of August 2022).3 
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A key attribute of CHP is fuel flexibility (Figure 1). While 

72% and 70% of existing CHP capacity and CHP instal-

lations, respectively, are fueled by natural gas, 15% of 

existing CHP capacity is fueled by non-fossil fuels such 

as biomass and wood, biogas, process waste and waste 

heat—driven primarily by availability of supply; where 

such fuels are available at competitive prices, they are 

used.

CHP’s energy and greenhouse gas (GHG) savings 

benefits are found in the aggregate reduction in over-

all energy consumption: CHP replaces both a separate 

on-site thermal system (e.g., furnace or boiler) and 

purchased electricity with a single, integrated system 

that efficiently produces both thermal energy and 

electricity at the point of use. CHP’s efficiency advan-

tages over separate heat and power (SHP) systems are 

shown for a 20 MW natural gas-fueled combustion 

turbine typical of many industrial CHP applications 

(Figure 2); well-designed and operated CHP systems, 

such as this one, can provide energy services to the 

site with overall energy efficiencies of ≥70% compared 

to separate production of heat and power, which 

nationally averages between 45%  and  55% overall 

efficiency. In this case, CHP’s high efficiency results 

in an annual energy savings of 30% and annual CO2 

emissions savings of 43% with respect to current 

national average electric grid generation efficiency 

and marginal grid emissions.§

Natural Gas CHP Today
CHP systems, like energy-efficiency projects and 

renewable projects, displace marginal generation 

resources on the grid (including T&D losses), and pres-

ently, that marginal generation is a mix of coal and natu-

ral gas in most regions of the U.S. A comparison between 

the CO2 emissions from on-site natural gas-based CHP 

systems and the emissions produced from current mar-

ginal generation resources is shown in Figure 3; net CO2 

emissions tied to electricity in terms of lb (kg)/MWh 

(based on CO2 emissions from fuel chargeable to power 

divided by MWh generated) from typical CHP systems 

were compared to emissions from a state-of-the-art 

§Assumptions for the CHP versus SHP calculation: 20 MW gas turbine CHP system, natural gas fuel, 90% load factor (7,884 hours), 
33.1% HHV electric efficiency, 75.5 MMBtu/h (79.9 GJ/hr), 100% thermal utilization, displaces 80% efficiency natural gas boiler, 
CO2 savings based on displacing EPA AVERT 2021 Uniform EE grid emissions factor (1,534 lbs [697 kg] CO2/MWh).

FIGURE 2. Comparing natural gas-fueled combined heat and power (CHP) with separate heat and power. Source: Entropy Research LLC.
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natural gas central station combined cycle plant and 

were also compared to two regional estimates of 2021 

marginal grid emissions from the EPA’s AVERT model 

(the national average and California [the cleanest region 

in the U.S. in terms of current CO2 emissions]). CHP’s 

higher efficiency means that properly designed and 

operated CHP systems have lower net CO2 emissions 

than state-of-the-art marginal natural gas generation 

on a per MWh basis and much lower than regional mar-

ginal emissions as estimated by the EPA.

Natural gas CHP today can produce power with fewer 

CO2 emissions than current marginal grid generation 

in all regions of the U.S. CHP can meet future marginal 

grid requirements more efficiently and with less carbon 

emissions than any fossil fuel central station resource.

Renewable and Net Zero Carbon Fuels
Figure 4 illustrates that while natural gas CHP decreases 

levels of emissions in the short term, increasing usage 

of renewable and low to no carbon fuels can maintain 

the emissions advantage of CHP as the grid decarbonizes 

over time. A conservative natural gas CHP net CO2 emis-

sions rate is also depicted in Figure 4, while two scenarios 

(net zero grid by 2035 and net zero grid by 2050) for 

decreasing marginal grid emissions rates are also 

shown; grid emissions were shown to decrease linearly 

for both scenarios.

Biogas and biomass already fuel CHP systems and 

continue to play a direct role when they are the most 

economical option for a facility that needs both elec-

tricity and thermal energy on-site. Renewable natural 

gas (RNG) comprises different bio-based gas options 

upgraded to commercial natural gas specifications for 

injection into the existing natural gas pipeline infra-

structure. Recent studies4 have estimated 4.5 trillion ft3 

(0.13 trillion m3) of RNG could be available in the U.S. by 

2040, which is ~15% of the current total U.S. natural gas 

consumption or 75% of industrial gas consumption for 

fuel and power.

Hydrogen has also long been used as a fuel for CHP 

either in natural gas/hydrogen mixtures or in pure gas-

eous form where available and is expected to be a key 

long-term low to zero carbon option.5 All major turbine 

and engine manufacturers are on track to have 100% 

hydrogen-compatible systems commercially available 

by 2030.

FIGURE 3. CO2 emissions of CHP systems versus marginal grid CO2 emissions. Source: Entropy Research LLC.
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In Summary, CHP Will Have a Role
Surging energy costs are in many respects an expres-

sion of the same phenomenon driving supply-chain 

backlogs all over the world. An unexpectedly strong 

rebound in demand has run headlong into stagnant 

supply. Ultimately, energy costs will stabilize and 

reestablish more consistent relationships between 

the cost of electricity, natural gas, RNG and eventually 

hydrogen.

For the commercial and industrial user, the economic 

relationship between electricity cost and natural gas or 

RNG will be determined by infrastructure cost to decar-

bonize the electric grid, capital cost to electrify on-site 

thermal loads and operating cost of electric equipment 

versus decreased demand for natural gas and any car-

bon fee or tax imposed. In any case, CHP will remain the 

most economic and efficient means to use natural gas 

today and conserve RNG, synthetic gas and/or hydrogen 

supplies in the future.

Historically, the value of CHP to industrial and com-

mercial users has been the economic value of efficiency 

and resilience. In the transition to a decarbonized 

economy, renewable and zero carbon-fueled CHP can 

be a cost-effective alternative to expensive process con-

versions to electric technologies, representing an eco-

nomically viable path to zero carbon that requires the 

least disturbance to existing operations. And no matter 

what fuel is used, CHP’s inherent efficiency advantage 

can serve to further extend the resource base of that 

emerging fuel.
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FIGURE 4. CHP’s evolving role as the grid decarbonizes. A conservative natural gas CHP net electric CO2 emissions 
rate is shown, with two scenarios (net zero grid by 2035 [red line] and net zero grid by 2050 [orange line]) for decreasing 
marginal grid emissions rates. Grid emissions are shown to decrease linearly for both scenarios. The time frame (blue/
gray-shaded area) represents the time that natural gas CHP provides emissions savings compared to the grid.
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