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Increasing efficiency, 
saving energy, and 
reducing carbon dioxide

BY LYN CORUM

Economizers 

A
mong the innovative energy technologies devel-

oped this decade, condensing economizers offer the 

opportunity for plant owners and operators not 

only to reduce fuel usage, but also to reduce green-

house gas emissions, in particular carbon dioxide 

(CO2). Intended to reduce energy consumption—although they 

can be designed to perform additional functions, like preheat-

ing fluid or fuel—economizers can be simply defined as heat 

exchangers, available for boilers, power plants, and even HVAC 

systems.  
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When employed onsite at a power plant, economizers 

are used as part of the plant’s heat recovery steam generator 

(HRSG)—water passes through the economizer on its way to the 

boiler, thereby, preventing flooding of the boiler with water that is 

too cold. By preheating the boiler feedwater with energy harnessed 

from exhaust stack gases, economizers help reduce energy demand 

and save on fuel costs. 

In fact, the installation of an economizer can result in a 

3–10% increase in fuel efficiency. High natural gas energy prices 

and cap-and-trade programs (versus carbon taxes) make the 

economizer an attractive option for any commercial, industrial, or 

municipal facility that needs to reduce CO2 emissions and become 

more energy efficient.  

Cogeneration Partners With Economizer
For 20 years, Graphic Packaging has relied on its 20-MW cogen-

eration plant to provide the power and steam for its recycling 

paperboard mill in Santa Clara, CA. Now it has a newly developed 

condensing economizer technology installed in the exhaust gas 

stream that has reduced natural gas costs by 10% and significantly 

reduced the plant’s greenhouse gas emissions. It is an example of 

Graphic Packaging’s comprehensive companywide sustainability 

program which focuses on improving water and energy usage, 

plus monitoring of the firm’s carbon footprint.

Graphic Packaging is over 100 years old, according to Andy 

Johnson, director of marketing and sustainability at the company. 

It started out as part of the Coors Company, and then spun off on 

its own. It owns two virgin paper mills in Louisiana and Georgia, 

and five paper-recycling mills in Ohio, Michigan, and Illinois, as 

well as the Santa Clara plant. 

Graphic Packaging merged with Altivity Packaging in 2008. 

Johnson says Graphic Packaging is the largest folding carton 

paperboard packaging company in North America, with net sales 

in 2007 of $2.4 billion and revenues of $4.4 billion. The 50-year-

old Santa Clara paperboard mill produces more than 380 tons of 

clay-coated paperboard daily using 100% recycled fiber, and the 

paperboard is used for high-end consumer packaging.

For 20 years, Graphic Packaging has 

relied on its 20-MW cogeneration 

plant to provide the power and 

steam for its recycling paperboard 

mill in Santa Clara, CA. Now it has 

a newly developed condensing 

economizer technology installed 

in the exhaust gas stream that has 

reduced natural gas costs by 10% 

and significantly reduced the plant’s 

greenhouse gas emissions.
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Economizer Reduces 
Steam Use
The mill’s cogeneration system 

couples a natural gas–fired LM2500 

combustion turbine with a duct-

fired HRSG and steam turbine. 

Dick Johnston, Graphic Packaging 

mill manager, says, “We have a huge 

tri-generation plant,” and he also 

describes it as “very efficient, a real 

workhorse—it’s the ultimate bang 

for the buck.”  

The mill also sells 18 MW of 

power to Pacific Gas and Electric 

Company (PG&E). The power is 

wheeled through Silicon Valley Pow-

er, the local municipal electric utility. 

Johnston says it has one of the lowest 

cost standby electric rates in the 

state. Exhaust gases from the com-

bustion turbine and the duct burners 

produce high-pressure, high-temper-

ature steam in the HRSG. That steam 

is directed to and expanded in the 

steam turbine to produce additional 

power. The steam is then used to dry 

the paper in its dryers. Until August 

2008, the steam also heated process water, 

but no more.

Thanks to help from PG&E and its 

contractor, Lockheed Martin—which runs 

the utility’s heavy industry energy effi ciency 

program and recommended the retrofi t—

the paperboard mill upgraded the HRSG 

stack, by installing a “condensing econo-

mizer” in the exhaust gas stream. The heat 

exchanger “tube bundle,” manufactured by 

ConDex, is stainless steel and the housing 

and exhaust stack extension is fi berglass, 

allowing the materials to withstand the cor-

rosive nature of the condensate.

Installation work began in November 

2007 and was completed by August 2008. 

According to plant manager Jeff Mih, a 

local contractor and in-house mechan-

ics installed the condensing economizer. 

Johnston says the exhaust stack extension 

attachment draws the gases off through a 

300-horsepower fan and over the econo-

mizer. Process water drawn through the 

economizer is heated and moves on to mix 

with waste paper to emulsify it. The econo-

mizer was sized so that steam is no longer 

used to heat the water. Fuel consumption 

in the duct burner was reduced by 50%, 

and steam demand was reduced by about 

20%, reducing gas consumption by 10.2%.

Now, Johnston says, with the econo-

mizer soaking up heat, the exhaust gas 

temperatures released to the atmosphere 

are around 145 degrees, down from 390 

degrees and well below the acid dew point. 

This temperature reduction eliminates 

more than 15,700 tons of CO2 emis-

sions annually. Once the fi nal rules 

on the AB 32, California Clean Air 

Initiative, are known, Graphic Packag-

ing will register its CO2 emissions re-

ductions with the California Climate 

Action Registry, Johnston says.

Lockheed Martin Audited 
Energy Use
Lockheed Martin was selected by 

PG&E to audit the utility’s large, 

heavy industrial customers. Don 

Hladun is a member of the team that 

worked with the Santa Clara mill’s 

engineering staff to audit, evaluate, 

and recommend projects to improve 

energy efficiency. It also quantifies 

the ongoing savings. 

PG&E’s account manager 

introduced Lockheed to Graphics 

Packaging. The recommendation to 

install the condensing economizer 

came out of the audit. Hladun says 

the technology is well known, but 

conditions have to be right for it. 

The economizer is applicable only to 

projects with high exhaust temperatures, 

and with incoming water that will lower 

those temperatures.

Additional heat recovery is possible 

at the mill, and space was allocated in the 

stack to expand the economizer in Phase 2, 

Hladun says. 

Johnston says economics will deter-

mine whether or not the economizer is 

expanded. While there are Btus still to be 

extracted, it still has to be determined if 

there is enough to pay for the additional 

investment, he adds.

Fred Yoo, senior program manager in 

PG&E’s customer energy efficiency group, 

says incentives are customized for a cus-

tomer’s industrial production and based 

on the amount of fuel saved. In this case, 

Graphics Packaging was awarded an energy 

efficiency incentive of more than $1.1 mil-

lion to offset the $3.6-million project cost.

Roger Flanagan, director of energy 

solutions at Lockheed Martin, says the 

company audits facilities and industrial 

plants across the country. He explains 

Lockheed’s job: Once a project has been 

identified, it completes a conceptual 

design, and after the customer approves it, 

Lockheed helps configure the project and 

follows it throughout its installation and 

startup, then monitors the output for one 

month to guarantee the savings. 

The condensing economizer created the largest 

energy savings in the Graphics Packaging audit. 

Theoretically, it can be used for any boiler 

application—any place you want to use 

exhaust heat. 

The economizer reduces fuel consumption in the duct 
burner by 50%.
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The ConDex condensing econo-

mizer is a relatively new product, and it 

created the largest energy savings in the 

Graphics Packaging audit, says Flanagan. 

Theoretically, it can be used for any boiler 

application—any place you want to use 

exhaust heat, he says. The real benefit to 

using waste exhaust heat is that it exhausts 

at 145 degrees. Because the tube bundle is 

stainless steel, there is no corrosion at this 

temperature level. 

Flanagan points out that the great-

est natural gas savings are seen upstream 

where much less fuel is needed to heat the 

steam for the turbine rather than during 

duct firing. Second, there is a significant 

improvement in thermal efficiency and an 

overall reduction in greenhouse gases.  

Johnston acknowledges that with 

natural gas now costing six dollars per 

MMBtu (one thousand, thousand Brit-

ish Thermal Units), he could not justify 

spending the money on the condensing 

economizer. However, when the go-ahead 

for the project was given in 2007, gas was 

costing $13 per MMBtu. But, it’s unlikely 

gas prices will stay flat.

ConDex Developed 
Technology
ConDex Energy, the developer and 

manufacturer of the condensing econo-

mizer, is a subsidiary of Combustion & 

Energy Systems, a Canadian company 

founded in 1978 with offices in Toronto 

and Wyoming, IL. According to Cameron 

Veitch, vice president of marketing and 

sales for ConDex, the company began 

designing the condensing economizer in 

1998, because it saw a market opening. 

Few companies were entering the market 

at that time, because energy prices were 

low and the cost of equipment was high. 

Traditional equipment designers stayed 

away from the dew point of the exhaust 

gas for fear of condensing the water vapor 

out and creating an acidic residue that 

would corrode a standard economizer.

Veitch explains that the condensing 

economizer has to be effective in transfer-

ring heat, but robust enough to operate 

in a corrosive environment. The materials 

that accomplish this: stainless steel and 

fiberglass increase manufacturing costs. 

He says 19% of the energy created in the 

combustion process is latent heat, and the 

only way to retrieve it is to condense the 

exhaust gases and transfer the energy 

back out.  

Veitch says that to design, install, and 

test the economizer took about two years. 

By 2000, the company had completed 

several heat transfer trials and laboratory 

analysis to arrive at an advanced metallur-

gy solution offering excellent heat transfer 

properties. 

Furthermore, it was extremely resis-

tant to the properties of the condensed 

water and flue gas mixture. A system of 

controls was also designed that would 

allow the ConDex system to maximize the 

amount of energy recovered, while remain-

ing invisible to the boiler or other process 

equipment generating the heat. 

Market acceptance began to catch on 

in 2004 and 2005, Veitch says. The driver 

was the growth in concern for energy ef-

ficiency on the part of both industry and 

consumers. By 2005, 40 to 50 companies 

annually were installing the economizer. 

Now 50 to 100 units are being sold annu-

ally, Veitch reports. Veitch says the con-

densing economizer installed at Graphic 
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of CanmetENERGY, the Canadian energy 

research and technology laboratory. 

CanmetENERGY did a detailed 

modeling of the TIPS system, using its 

proprietary models, and produced several 

reports in collaboration with Fassbender. 

The TIPS process is a new generation 

power cycle that appears to have many 

technical and economic advantages over 

existing clean coal technologies, the Cana-

dian research firm concluded.

Bruce Clements, the group leader 

of the combustion optimization group 

at CanmetENERGY who led the work on 

TIPS there, says he is working to obtain 

funding to set up a laboratory and develop 

high-pressure, oxygen-firing projects, 

including TIPS. He says a commercially 

available high-pressure, oxy-firing plant 

such as TIPS could be available in 10 years 

if aggressively pursued.

Fassbender, the TIPS inventor, said, in 

an interview, that ThermoEnergy signed a 

memorandum of understanding with Bab-

cock Power, in early 2008. The two compa-

nies plan to jointly develop a pilot project. 

TIPS is based on a process that keeps the 

fuel cycle under extreme temperatures and 

strips coal of all its pollutants with oxygen 

driving the combustion. In CanmetEN-

ERGY’s modeling, coal is burned under 

pressure at 1,250 psi to generate steam at 

high pressures ranging from 2,500 psi to 

3,200 psi.   

Pollutants are captured from the hot 

exhaust fumes that are passed through 

a condensing heat exchanger to produce 

400-degree hot water. Carbon dioxide is 

then separated from the other pollutants. 

When cooled to 87 degrees, it turns into a 

compressed liquid ready for underground 

storage. 

While stressing that this is still all 

theoretical, CanmetENERGY’s study says the 

TIPS technology has advantages over other 

processes, such as the integrated gasifi cation 

combined cycle (IGCC), when high mois-

ture fuels are fi red. The IGCC technology 

faces many operational challenges, such as 

plant availability and fuel quality, according 

to the CanmetENERGY report. DE

California-based, Lyn Corum is a technical 

writer specializing in energy topics.

Packaging is the largest ConDex system 

currently in operation.

Zero Air Emission CHP Plant 
in Development
Three years ago, ThermoEnergy 

Corporation received a $310,000 grant 

from the US Department of Energy to 

develop compact zero air emission com-

bined heat and power (CHP) plants 

for medium to heavy industry. The 

ThermoEnergy Integrated Power System 

(TIPS), a pressurized oxygen fuel-fired 

process, is based on an invention and pat-

ent held by Alex Fassbender, a researcher 

at the company. The technology promises 

nearly 100% carbon capture.

ThermoEnergy’s goal is to allow main-

stream industries to switch from natural gas 

to lower-priced alternative fuels (think coal 

or biomass) to supply their energy needs 

while reducing air pollution, keep their US-

based plants operating, and lessen depen-

dence on imported energy resources. The 

grant, starting in January 2006, jump-start-

ed the research and attracted the interest 
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Pollutants are captured from the hot exhaust 

fumes that are passed through a condensing heat 

exchanger to produce 400-degree hot water. 

Carbon dioxide is then separated from the other 

pollutants. When cooled to 87 degrees, it turns into 

a compressed liquid ready for underground storage.
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