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Condensing Heat Exchanger Corp.
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WHAT IS A CONDENSING
HEAT EXCHANGER?
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Definition of “Condensing Heat Exchanger”

A heat exchanger to recover
heat from a hot exhaust gas stream
by lowering the gas temperature to
a value below both the
dew point and the dew
point.
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DESIGN CONSIDERATIONS
&
CORROSION

eNatural Gas
eFuel Oil
eCondensation
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QUESTION
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\What are the acid and water vapor dew points?

NATURAL GAS

FUEL OIL

42002003

Natural Gas Dew Point Curve

NATURAL GAS FIRED BOILERS

ACID DEWFOINTCIHCEMTRATEON vs SULFUR 1M FUEL
= 'H 2] 9 i 4 Rmm mord pee T OF AR FRLD

TTITEN T =TT

TEMP ("F3)

PPH ALLPURIC ACID oeoLy




Engineering Workstation

42002003

Fuel O1l Dew Point Curve

MO 2 OIL AMD MO, &6 DIL FIRED BOILERS

ACID DEWFOINTACOMCENTREATIIN w5 SULFUR BH FUEL
e XN [ H} (E] x BT 1M ML

N ‘E‘mﬁ'mﬂ-rrmrrmn—muﬂ T ~TTIIvS o

TEMP (*F 2

Wz

raulms i
A RERR
JLI.IH.L[IEI

ay

i et L W] J
W S |.3'|"

Steam Plant Systems, Inc.

\WWhen dees condensation take place?

When the bulk gas stream temperature falls
below the or water vapor dew point

OR

Whenever the gas stream contacts a heat
exchanger tube surface that is below
either the or water vapor dew point.

Title goes here



Engineering Workstation

Title goes here

TYPICAL SYSTEM P&ID’s
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1 Boiler P&ID
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3 Boiler P&ID

FUEL FIRED & TUBE
SELECTION
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Can a Condensing Heat Exchanger Be Considered for
Exhaust Gas Heat Recovery From Any Fired Fuel?

ABSOLUTELY

e Bare Tube Design —

e Finned Tube Design —

- Water outlet temperature limits apply

COMPANY HISTORY

eMission
eEXxperience
eCapabilities

Steam Plant Systems, Inc.
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CHX Company History

e Condensing Heat Exchanger was founded in 1977

e Company Mission
— Flue gas heat recovery operating below the acid & water
vapor dew points

— Provide equipment design which is unrestricted by
boiler fuel selection and operating outlet water
temperature

— COMPANY EXPERIENCE - 31 YEARS

Steam Plant Systems, Inc.

Company Experience

NOT Subcontracting

e Any Fuel — Any Temperature
— Oil, Natural Gas, Biogas, Wood, Sludge ...
— Exhaust gas outlet temperatures below 100F

Title goes here
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CHX INFHOUSE CAPABILITIES

e All
e COMPLETE

e CHX DOES NOT SUBCONTRACT
HEAT EXCHANGER FABRICATION

MANUEACTURING

eTeflon Surfaces
eQuality Control

eTube to Tube-Sheet Seals
eSimple Proven Design

Steam Plant Systems, Inc.
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Equipment Design

e Complete Corrosion Protection
e Teflon Surfaces

— Tubes

— Tube Sheets

— Side Sheets

Steam Plant Systems, Inc.

Teflon Surfaces

e All tubing material used in the heat
exchanger construction is protected
from flue gas corrosion by an
extruded 15 mil Teflon

Title goes here 12
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Teflon Surfaces

e All tube sheet

and side sheet
surfaces are
protected from
flue gas
corrosion by an
applied 60 mil
Teflon

Steam Plant Systems, Inc.

Quality Control

On any application with sulfur
bearing fuels (

), any metal tube exposure to
flue gas will result in rapid failure
due to aggressive corrosive
attack

CHX tubes are 100% Teflon
Covered & tested during the
extrusion process

13
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Teflon Tube to Tube-Sheet Seals

Carbon Steel — Teflon Covering over inside of tube sheet
Tube sheet \

exterior —— Holes in carbon steel sheet allow for
Teflon tube seals to be extruded
through the tube sheet.

SN

Teflon Covered tubes are passed
through the tube seal, providing
aclose tolerance gas-tight seal.

Steam Plant Systems, Inc.

Teflon Tube to Tube-Sheet Seals

Dynamic Design

Impervious to
Corrosion

Allows for Thermal
Expansion

Simple tube
replacement

100% Reliable

Title goes here
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Simple Proven Design

Steam Plant Systems, Inc.

Simple Proven Design

It

l

Brand New Tubes

/

/

NN

Five Years in Service
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INDEPENDENT RESEARCH

oGATC, BCL, AGA, GRI, BNL, ANL, CGA,
EPRI, B&W, & ADL

eWhy Teflon Covered Tubes?
eWhy Not Coatings?
eDesign Considerations
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Independent Research

Gas Appliance Technology Center (
Battelle-Columbus Laboratories ( )
American Gas Association ( )
Gas Research Institute ()
Brookhaven National Laboratory (
Argonne National Laboratory ( )
Canadian Gas Association ( )
Canadian Gas Research Institute (
Electric Power Research Institute (
Babcock & Wilcox ( )

Arthur D. Little ( )
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Engineering Workstation

Title goes here

Steam Plant Systems, Inc.

Independent Research

The following major points will be addressed
for natural gas applications —

Steam Plant Systems, Inc. 34

THE REASONS FOR THE CHX HEAT EXCHANGER
TEFLON COVERED TUBE DESIGN

documented
independent research

17
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Why Not Coatings?
EPRI Materials Evaluation CS-3700

Argonne National Laboratory ANL-83-81

EPRI Condensing Heat Exchanger Demonstration
Project

Steam Plant Systems, Inc.

Design Considerations

Particulate
Accumulation
Coating Failure
Loss of Corrosion
Protection

Rapid Failure From
Flue Gas Corrosive
Attack

18
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IS FLUE GAS SIDE CORROSION
REALLY A CONCERN WHEN
EIRING ONNATURAL GAS?

eWhy Not Use Finned Tube?
eSources of Corrosion & Test Results
eCoatings vs. Coverings
eIndependent Testing & Evaluation

Steam Plant Systems, Inc.
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Why Not Finned Tube?

Experience Database
David S. Hibbard and Associates, Metallurgical Consultants, 3/18/86

e Recommended against using finned tubes since sections of the
heat exchanger were condensing acid only and not being diluted
with condensate.

Fin base is a stress riser point for stress cracking
— If fins are not integral, there is a crevice
Expect acid concentrations of 75% and higher
Finned tubes are not suitable for condensate drainage

Title goes here
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Sources of Corrosion & Test Results

Battelle-Columbus Laboratories Condensing Heat
Exchanger Systems — Oct 1985 Phase IV

Steam Plant Systems, Inc.

Sources of Corrosion & Test Results

Condensate pH exiting the outlet drain from
a Condensing Heat Exchanger —

At the point of onset of condensation?
At the moment of dry-out?

Title goes here
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Sources of Corrosion & Test Results

GATC, BCL, AGA, GRI - Research on Heat-Exchanger Corrosion, September 1984

e The most corrosive location is the point of onset of
condensation

Steam Plant Systems, Inc.

Sources of Corrosion & Test Results

Canadian Gas Research Institute — Evaluation of Stainless Steel
Materials for Resisting Chloride-Induced Corrosion in Condensing
& Gas Fired Units

showed failures in as little as
one year.

Title goes here
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Test Results

GATC, BCL, AGA, GRI - Research on Heat-Exchanger Corrosion, September 1984

Austenitic Stainless Steels - 304, 304L, 309, 310, & 316L
Ferritic Stainless Steels - 409, 430, 439, 444, & ELI-T18-2
Duplex Stainless Steels - 329, 441N, 2205, & Ferralium
Nickel-based Alloys - 800, 600, 6-8, & 671

All Aluminum and Copper-Based Alloys Tested

Duriron

Steam Plant Systems, Inc.

Sources of Corrosion & Test Results

Argonne National Laboratory — Plastic Heat Exchangers, 9/83

e Teflon has a slippery non-stick surface expected to resist
fouling, is easy to clean, and has excellent acid resistance

inadequate
severe

Title goes here
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Sources of Corrosion & Test Results

Battelle-Columbus Laboratories Condensing Heat Exchanger
Systems — August 1985 Phase IV

at the moment of dry-out.”

Steam Plant Systems, Inc.

Sources of Corrosion & Test Results

Condensate pH exiting the outlet drain from
a Condensing Heat Exchanger —

e At the point of onset of condensation?
e At the moment of dry-out?

Title goes here
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Sources of Corrosion & Test Results

Gas Research Institute — Technology Report for Corrosion-
Resistant Condensing Heat Exchangers, October 1985.

Steam Plant Systems, Inc.

Coatings vs. Coverings

Battelle-Columbus Laboratory - Applications of Polymeric
Materials For Condensing Heat Exchangers, Sept. 1983

24
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Independent Testing & Evaluation

Brookhaven National Laboratory

Emissions and Thermal Efficiency Evaluation At A Flue Gas
Condensing Economizer, June 1981

Steam Plant Systems, Inc.

Independent Testing & Evaluation

Arthur D. Little - Performance Test Results on
the B&W IFGT System, February 1992

25
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Independent Testing & Evaluation

Babcock & Wilcox - Pilot Performance of the IFGT
Condensing Heat Exchanger, March 1995

Conclusion, Summary, and
Performance Example

Steam Plant Systems, Inc.
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YOU BE THE JUDGE

Years of independent research and history have proven that
for conventional finned tube metallurgy to work in a
condensing heat exchanger application —

Steam Plant Systems, Inc.

CHX Condensing Heat Exchanger

e 2X the Price of Others For Good Reason — Materials
of Construction, AND

— 31 years in business

— 5years of R&D

— 25+ years of references

— 30 years of design experience

— Track record based warranty of five (5) years

bare tube design

Title goes here
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CHX Heat Recovery — Proven Track
Record in The Toughest Applications

Morgan Linen — 26 years

IBM — 23 years

Quail Uniform — 22 years

Friskies — 22 years

Rochester District Heating — 20 years
Morflex Chemicals — 19 years

LAACP — 18 Years

Steam Plant Systems, Inc.

CHX Heat Recovery — Best In Class

e Teflon Covered
Tubes

e Teflon Covered
Side Sheets

e Teflon Tube Seals
e 31 Proven Years
— Experience

— Product
— People

28
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PLLP & PAPER WILL
e

PROPEISAL
PROPOSAL DWTE
APPLICATION
TOTAL BOTLER CASRCTTY

EASE 1 OF 1 M SYSTEM MODEL @ 336-108 0w 12
AVERAGE OPERATION

AVERAGE STEAMLOAD FOR CASE

EXISTING FUEL TO STEAM EFFICIENCY
EXISTING THERMAL EFFICTENCY

HEAT

FLUE GAS MASS FLOW @ X TMLET
FLUE GAS FLOW 8 THLET TO MX
FLUE GAS TMLET TEWP

FLUE GAS DUTLET TEMPERATURE
MATERFLOM TH bt

UATER TMLET TEMPERATURE

ENGINEERTNG [ATA

MEW BOTLER FUEL TO STEAM EFFICTEMCY
=

PLEMUM, DUCT AMD BREECHING LO%SS
COMDENEATE FLOW RATE

HATURAL GAS ANALYSTS USED FOR THIS
A RHZ RN 2
75.20 2350 1.30

Steam Plant Systems, Inc

SYSTEM SCOPE & PRICE

CHX HEAT EXCHANGER WITH

US$650,000
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