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Preheated Combustion Air

For fuel-fired industrial heating processes, one of the most potent ways to improve 
efficiency and productivity is to preheat the combustion air going to the burners. The
source of this heat energy is the exhaust gas stream, which leaves the process at elevated
temperatures. A heat exchanger, placed in the exhaust stack or ductwork, can extract a
large portion of the thermal energy in the flue gases and transfer it to the incoming
combustion air. Recycling heat this way will reduce the amount of the purchased fuel
needed by the furnace.

Many processes produce dirty or corrosive exhaust gases that will plug or attack heat
exchangers. Some exchangers are more resistant to these conditions than others, so if
your process is not a clean one, do not give up without investigating all the options.
When discussing it with potential vendors, be sure to have a detailed analysis of the
troublesome materials in your exhaust gas stream. 

Fuel savings for different process temperatures can be found in the table below and can
be used to estimate reductions in energy costs.

There are two types of air preheaters: recuperators and regenerators. Recuperators are
gas-to-gas heat exchangers placed on the furnace stack. Internal tubes or plates transfer
heat from the outgoing exhaust gas to the incoming combustion air while keeping the
two streams from mixing. Recuperators are available in a wide variety of styles, flow
capacities, and temperature ranges. Regenerators include two or more separate heat 
storage sections. Flue gases and combustion air take turns flowing through each 
regenerator, alternately heating the storage medium and then withdrawing heat from it.
For uninterrupted operation, at least two regenerators and their associated burners are
required: one regenerator is needed to fire the furnace while the other is recharging. 

Payback Period  =  (Cost of combustion air preheating system, obtained from
the supplier or contractor) ÷ (Reduction in fuel usage, Million Btu/hr x Number
of operating hours per year x Cost of fuel per Million Btu)

Example

A furnace operates at 1600°F for 8,000 hours per year at an average of 10 million British
thermal units (MMBtu) per hour using ambient temperature combustion air. At $5 per

Payback Guidelines

Process temperature is customarily
used as a rough indication of where
air preheating will be cost effective.
Processes operating above 1,600° F
are generally good candidates,
while preheated air is difficult to
justify on processes operating
below 1,000° F. Those in the 1,000
to 1,600° F range may still be good
candidates but must be evaluated
on a case-by-case basis.

These guidelines are not ironclad.
Financial justification is based on
energy (or Btu) saved, rather than
on temperature differential. If a 
low temperature process has a 
high enough exhaust gas flow,
energy savings may still exist, even
though the exhaust gas temperature
is lower than 1,000° F.
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Furnace Preheated Air Temperature, °F
Exhaust

Temperature, °F 600 800 1,000 1,200 1,400 1,600

1,000 13 18 — — — —

1,200 14 19 23 — — —

1,400 15 20 24 28 — —

1,600 17 22 26 30 34 —

1,800 18 24 28 33 37 40

2,000 20 26 31 35 39 43

2,200 23 29 34 39 43 47

2,400 26 32 38 43 47 51
Fuel: Natural gas at 10 percent excess air
Source: IHEA Combustion Technology Manual (see references)

Percent Fuel Savings Gained from Using Preheated Combustion Air
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About DOE’s Industrial Technologies Program

The Industrial Technologies Program, through partnerships with industry, 
government, and non-governmental organizations, develops and delivers advanced
energy efficiency, renewable energy, and pollution prevention technologies for 
industrial applications. The Industrial Technologies Program is part of the 
U.S. Department of Energy’s Office of Energy Efficiency and Renewable Energy.
DOE encourages industry-wide efforts to boost resource productivity through a 
strategy called Industries of the Future (IOF). IOF focuses on the following nine 
energy- and resource-intensive industries:

• Agriculture • Forest Products • Mining
• Aluminum • Glass • Petroleum
• Chemicals • Metal Casting • Steel

The Industrial Technologies Program’s BestPractices offers a wide variety of
resources to industrial partners that cover motor, steam, compressed air, and process
heating systems. For example, BestPractices software can help you decide whether to
replace or rewind motors (MotorMaster+), assess the efficiency of pumping systems
(PSAT), compressed air systems (AirMaster+), steam systems (Steam Scoping Tool),
or determine optimal insulation thickness for pipes and pressure vessels (3E Plus).
Training is available to help you or your staff learn how to use these software 
programs and learn more about industrial systems. Workshops are held around the
country on topics such as “Capturing the Value of Steam Efficiency,” “Fundamentals
and Advanced Management of Compressed Air Systems,” and “Motor System
Management.” Available technical publications range from case studies and tip
sheets to sourcebooks and market assessments. The Energy Matters newsletter, for
example, provides timely articles and information on comprehensive energy systems
for industry. You can access these resources and more by visiting the BestPractices
Web site at www.oit.doe.gov/bestpractices or by contacting the Industrial Technologies
Clearinghouse at 800-862-2086 or via email at clearinghouse@ee.doe.gov.

BestPractices is part of the Office of
Industrial Technologies Industries of the
Future strategy, which helps the country’s
most energy-intensive industries improve
their competitiveness. BestPractices
brings together the best-available and
emerging technologies and practices to
help companies begin improving energy
efficiency, environmental performance, and
productivity right now.

BestPractices emphasizes plant systems,
where significant efficiency improvements
and savings can be achieved. Industry
gains easy access to near-term and 
long-term solutions for improving the
performance of motor, steam, compressed
air, and process heating systems. In 
addition, the Industrial Assessment Centers
provide comprehensive industrial energy
evaluations to small and medium-size
manufacturers.
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Suggested Actions

• Using current or projected energy costs, estimate preheated air savings with this
example or the Process Heating Assessment and Survey Tool (PHAST) available
from the Department of Energy’s Office of Industrial Technologies. 

• Contact furnace or combustion system suppliers to calculate payback period or ROI.

MMBtu, annual energy cost is $800,000. Use of preheated air at 800° F will result in 
22 percent fuel savings, or $176,000 annually. The preheated air system installation is
estimated to cost $200,000 to $250,000, with a payback period of 13.6 months to 
17 months, or an annual return on investment (ROI) of 88 percent to 70 percent. 


