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Energy Tips – Steam 
Steam T p Sheet #26A • Ju y 2007 Industr Techno og es Program 

Cons der Insta ng a Condens ng Econom zer 
The key o a successfu was e heat recovery pro ec s opt ng he use of he 
recovered energy. By ns ng a condens ng econom zer, compan es can mprove 
overa hea recovery and s eam system effic ency by up o 10%. Many bo er 
app cat ons can benefit from s add ona heat recovery such as d str ct hea ng 
systems, wa board product on fac es, greenhouses, food process ng p ants, pu
and paper m s, ex e p ants, and hosp ta s. Condens ng econom zers requ re s e-
spec fic eng neer ng and des gn, and a horough unders and ng of he effec they w
have on he ex st ng steam sys em and water chem ry. 

Use p sheet and s compan on, Cons derat ons When Se ect ng a Condens ng 
Econom zer, to earn about hese effic ency mprovements. 

A conven ona feedwater econom zer reduces steam bo er fue requ rements by 
ransferr ng hea from he flue gas to he bo er feedwater. For na ura gas-fired bo ers, 
he owes empera ure o wh ch flue gas can be coo ed s abou 250°F to preven

condensa on and poss e s ack or s ack ner corros on. 

The condens ng econom zer mproves was e heat recovery by coo ng he flue gas 
be ow s dew po nt, wh ch s about 135°F for products of combust on of na ura gas. 
The econom zer rec ms bo h sens e hea from the flue gas and atent hea by con
dens ng flue gas wa er vapor See Tab e 1 . A hydrocarbon fue s re ease s gn fican
quant es of water vapor as a combus on byproduc . The equat on be ow shows he 
reac an s and combus on produc s for he s ch ometr c combust on n a r of meth
ane CH , the pr mary cons tuen of natura gas. When one mo ecu e of me hane 
s burned, produces wo mo ecu es of wa er vapor. When mo es are converted to 

pound mo e, we find hat every pound of methane fue combus ed produces 2.25 bs. 
of wa er vapor, wh ch s abou 12% of the exhaust by we ght. 

CH + 2O + 7.5N CO + 2H O + 7.5N

nce the h gher hea ng va ue of me hane s 23,861 Btu per pound , 41.9 b of 
methane s requ red o prov de one m on Btu MMB of energy, resu ng n 94.3 
bs. of h gh tempera ure wa er vapor. The ent heat of vapor za on of wa er under 

atmospher c pressure s 970.3 Btu b. When one MMB u of methane s combus ed, 
91,495 Btu of wa er vapor heat of evapora on 94.3 bs. x 970.3 B s re eased 
up the bo er stack. Th en heat represen s approx mate y 9% of the fue
energy content. The bu k of th aten hea can be recovered by coo ng he exhaust 
gas be ow s dew po nt us ng a d rect contact or nd rec condens ng econom zer. It 
s poss e to heat water to about 200°F w h an nd rect econom zer or 140°F w th a 
rect contact econom zer. 

Tab e 1. Bo er Eff ency of Condens ng Econom zers 

System Combust on Eff ency @ 4% 
Excess O

Stack Gas 
Temperature °F 

Bo er 78 to 83% 350 to 550

– with Feedwater FW Econom zer 84 to 86% 250 to 300

– w th FW and Condens ng Econom zer 92 to 95% 75 to 150

Suggested Actions 
•	Determine	your	boiler	capacity,	 

average	steam	production,	 
combustion	efficiency,	stack	gas	 
temperature,	annual	hours	of	 
operation,	and	annual	fuel	 
consumption. 

•	Identify	in-plant	uses	for	heated	 
water,	such	as	boiler	makeup	 
water	heating,	preheating,	 
domestic	hot	water	or	process	 
water	heating	requirements.		 

•	Determine	the	thermal	 
requirements	that	can	be	met	 
through	installation	of	a	 
condensing	economizer.		 
Determine	annual	fuel	energy	 
and	cost	savings. 

•	Obtain	an	installed	cost	quotation	 
for	and	determine	the	cost-
effectiveness	of	a	condensing	 
economizer.		Ensure	that	system	 
changes	are	evaluated	and	 
modifications	are	included	in	the	 
design	(e.g.,	mist	eliminator,	 
additional	water	treatment,	heat	 
exchangers).	Simple	paybacks	for	 
condensing	economizer	pro ects	 
are	often	less	than	two	years.		 

Resources 
U.S. Department of Energy
DOE’s sof ware, he Steam 
System Assessment Too and 
Steam System Scop ng Too can 
he p you eva uate and den fy 

eam system mprovemen s. 
In add on, refer Improv ng 
Steam System Performance: 
A Sourcebook for Industry for 
more nforma on on steam 
sys em effic ency opportun es. 

t the Bes Prac ces Web s te 
www.eere.energy.gov ndus ry

bes prac ce o access these and 
many o her ndustr effic ency 
resources and nformat on on 
tra ng. 

www.eere.energy.gov/industry/bestpractices
www.eere.energy.gov/industry/bestpractices


Energy Savings Potential 
The available heat in a boiler’s exhaust gases is dependent upon the hydrogen 
content of the fuel, the fuel firing rate, the percent of excess oxygen in the flue 
gases, and the stack gas temperature. 

Consider a natural gas-fired boiler that produces 100,000 lbs/hr of 100-psig
saturated steam. At 83% efficiency, the boiler firing rate is about 116 MMBtu/hr. 
At its full firing rate, the boiler consumes over 4,860 lbs. of natural gas each hour 
while exhausting 10,938 lbs. of high temperature water vapor each hour. The water 
vapor in the flue gas contains over 10.6 MMBtu/hour of latent heat. As shown in 
Table 2, the total heat actually available for recovery is strongly dependent upon the 
stack gas temperature at the condensing economizer outlet. 
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Tab e 2. Exhaust Gas Energy Ava ab e from a 100,000 hr Natura Gas-F red Steam Bo er 
MMBtu/hour

ue Gas Temperature 
Leav ng Condens ng Econom zer 

75 100 125 150

Sens e Heat 6.46 5.75 5.03 4.31 

Latent Heat 9.51 7.00 2.01 0.0 

Tota Ava ab 15.97 12.75 7.04 4.31 

Note: Example in Table 2 assumes an 83% fuel-to-steam efficiency, 4% excess oxygen, a stack temperature 
of 300°F after feedwater economizer, a blowdown rate of 4%, and a boiler feedwater temperature of 260°F. 
Makeup water temperature is 55°F. 

Assume that an indirect contact condensing economizer is retrofitted onto this 
100,000 lb/hour steam boiler to heat 50% of the make-up water from 55°F to 200°F 
and flue gases are cooled to 100°F. At these conditions, 12.75 MMBtu/hr of total 
energy is available in the exhaust, of which 7.55 MMBtu/hr will be recovered to 
heat make-up water in the condensing economizer. More energy could be recovered 
if additional heat sinks are available. Given 8,000 hours per year of boiler operation,
and a fuel cost of $8.00/MMBtu, the annual energy recovered is valued at: 

Annual Savings = 7.55 MMBtu/hr x 8,000 hrs/yr x $8.00/MMBtu / 0.83 = $582,170 

Examples 
District Heating System 
A boiler plant that provides up to 500,000 lbs/hr of steam for a district heating 
system installed a direct contact condensing economizer. This economizer saves 
up to 20 MMBtu/hr, depending on the boiler load. Since condensate is not returned 
from the district heating system, the recovered energy is used to preheat plant 
makeup water from 45°- 60°F up to 132°F, resulting in a steam system energy 
efficiency improvement of 6.3%. 

Food Processing Plant 
A food processing plant installed an indirect contact condensing economizer on a 
20,000-lb/hr boiler. The condensing economizer reduced the flue gas temperature 
from 300°F to 120°F, while capturing 2.0 MMBtu/hr of sensible and latent heat. 
Energy recovered by the condensing economizer heated makeup water, reducing 
deaerator steam requirements from 5,000 lbs/hr to 1,500 lbs/hr. 

For additional information on economizers, refer to the Steam BestPractices 
Energy Tip sheet Use Feedwater Economizers for Waste Heat Recovery. For 
additional information on industrial steam system efficiency, refer to Improving 
Steam System Performance: A Sourcebook for Industry. These publications are 
available from the EERE Information Center at (877) 337-3463. 

BestPractices is part of the Industrial 
Technologies Program Industries of the 
Future strategy, which helps the country’s 
most energy-intensive industries improve 
their competitiveness. BestPractices brings 
together emerging technologies and best 
energy-management 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. 

FOR ADDITIONAL INFORMATION, 
PLEASE CONTACT: 

EERE Information Center 
1-877-EERE-INF 
(1-877-337-3463) 
www.eere.energy.gov 

Industrial Technologies Program 
Energy Efficiency 
and Renewable Energy 
U.S. Department of Energy 
Washington, DC 20585-0121 
www.eere.energy.gov/industry 

A STRONG ENERGY PORTFOLIO 
FOR A STRONG AMERICA 

Energy efficiency and clean, renewable 
energy will mean a stronger economy, a 
cleaner environment, and greater energy 
independence for America. Working 
with a wide array of state, community, 
industry, and university partners, the U.S. 
Department of Energy’s Office of Energy 
Efficiency and Renewable Energy invests in 
a diverse portfolio of energy technologies. 
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