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Why do we use steam?

Steam is used as a carrier of heat and pressure.

It is produced by the evaporation of water.

L arelatively inexpensive and plentiful commodity
which is environmentally friendly.

 Its temperature can be adjusted very accurately
by the control of its pressure.

L It carries a large amount of energy in a small
mass.
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From ice to water and steam

Steam

GESTRA Steam Systems

At atmospheric pressure, water
cannot exist as a liquid above 212°F,
so any additional heat energy added
after it reaches this temperature will
cause some of the liquid to boil off as
steam.

Saturation point

If heat energy is added to water, its
temperature rises again to a point at
which it can no longer exist as water.

Melting point

If heat energy is added to ice, its
temperature rises to a point at which it
can no longer exist as ice.
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Evaporation of Water at p= 0 psig

A
Temperature ) )
Sensible Latent heat Sensible
heat of heat
of vaporization of
water dry steam
212 °F \ /
Boiling Saturated
30 °F Water Steam
179 BTU / Ib 1150.5 BTU/lb
Enthalpy
Ice Water Wet steam Super-

heated Steam




D
FLOWSERVE c:sie.
N

Saturated steam curve
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Superheated versus Saturated Steam

® Superheated
® Steam which is found above the saturation curve in temperature and pressure
® Used for power generation
® Used for long distance main distribution
® Condensation found only during startup and shutdown conditions

® Saturated
® Steam at the saturation curve
® Highest potential heat transfer versus hot water and superheated steam
® Quality of steam is extremely important (more energy in dry versus wet steam)
® Condenses during transmission and the transfer of heat to a process

® C(Condensate must be removed throughout the steam system
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Steam Trap Definition and Requirements

Steam Trap Definition Additional Requirements
® Must not affect the heating process
A steam trap is an automatic *(no backing up of condensate)
condensate control valve that
discharges the air, non-condensable ® Make full use of the condensate heat
gases, and condensate from the *(through backing up of condensate)
steam system, while preventing the
passage (loss) of live steam ® Not affected by back pressure

® Suitable for pressure and flow rate fluctuations

® Easy to install

Basic Requiremeigs ¢ Corrosion resistant
® Unaffected by dirt

® Discharge of condensate e £ L
without loss of live steam " CC

[ ]
® Automatic air-venting Frost proof

® Unaffected by water hammer
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Application - Drip Pockets

GESTRA Steam Systems

Steam outlet

T
o= O e
e,

=10"| \ Steam fine

Condensate drain valve
__. Steam trap

V3

Application Notes: 300 linear ft maximum or at any low point
for 4” and smaller use same diameter as distribution main
for > 4” use Y% diameter of distribution main

D, = D,
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Application - Steam Tracing

 Maximum tracer length ~ 300 linear
feet

 Expansion loops must be taken
into account.

& W

Condensate header

et

e

Steam header
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Application Process

@ Hot water
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Heating steam
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Criteria for the Selection of Steam Traps

® Failure Mode ® Resistance to Superheat

® Air Handling Ability ® Resistance to Water Hammer

® Operation Near Steam ® Ease of Installation
Temperature ® Ease of Checking and

® Resistance to Freezing Troubleshooting

® Self Draining ® Ease of Maintenance

Cost of ownership
Initial investment + energy consumption
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e Thermodynamic

e Thermostatic
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Inverted Bucket Trap

During service During service

Only condensate is present. Flashing condensate and steam
The trap is in a open position. closes the trap.
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Summary of Inverted Bucket Steam Traps

Advantages Disadvantages
® Effective on low pressure systems Position Sensitive
Not back-pressure sensitive Manual Startup Required
® Orifice on top of trap prevents dirt Freezing Issues
clogging Consumes live steam in operation
Weep hole sensitive to hematite buildup
Not suitable for use in superheat

Multiple and narrow orifice ranges for
each model

Oversize trap for startup loads
Large in size and weight
® \Water hammer sensitive
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Float & Thermostatic Trap

During
Startup

During
Operation

Float Ball

Thermostatic
Element

.
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Summary of Float & Thermostatic Steam Traps

Advantages Disadvantages
® Automatic Start-Up ® ( Position Sensitive )
® Not Sensitive to Backpressure ® Not for use with superheat
® Fffective at Low Pressures ® (if bellows thermostatic element is used)
® FEffective for Vacuum Service ® Multiple and narrow orifice ranges for
® Effective as Level Control each model
® Energy efficient due to water-seal ® Freezing Issues
® Loss of water-seal does not lead to ® Oversize trap for startup loads
malfunction ( compared to inverted ® Llarge in size and weight
bucket for example ) ® \Water hammer sensitive
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Pressure
chamber

Disc

L-» =

=
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Trap is fully open. Trap starts to close. Trap is totally closed.
Cold condensat can Higher velocity underneath Pressure in the pressure
escape. the disc leads to decreasing chamber is acting on a

pressure. bigger area than the

pressure underneath
the disc.
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Summary of Thermodynamic Steam Traps

Advantages
Economical initial investment
Familiarity — years of application use

Easy to diagnose failures without
special equipment due to positive
discharge

Suitable for superheat
Fail open failure mode

Disadvantages
Back Pressure Sensitive
Position Sensitive (preferred orientation)
Ambient Condition Sensitive
Consumes live steam in operation
Poor air venting

Rapid destruction of sealing ability with
dirty steam

Large Steam Losses / trap wear

Not repairable

Small startup-to-hot load ratio

Potential safety issue with open discharge



D
FLOWSERVE c:sie.
N

GESTRA Steam Systems

I
4 FED
i L
T f__.-"-'-
[ . L
— L d —
(S A —
==
) = Ea W E LA
400 = = A
&
T | | =1 -
oh a x ™)
iy ] il
w4 [ T, P o
v s ] o
0 f__.__- |-
a0 il
T
'
L] [1 1] =
R
4 an E=
+31
T - . [t
ar 4 1 } 4 5@ BEd WX M oGO
Il e e e e e B S | e B e B B e
0% 4 B AR MG G HE H



ﬁ
FLOWSERVE c:sie.
S

GESTRA Steam Systems

During starting-up of a plant With rising condensate temperature Immediately below saturation
and in the presence of cold the plates deflect and draw the temperature the stage nozzle
condensate and air the Duo stage nozzle towards the closing is almost closed. The pressure
steel plates are Fflat. The position, a thermostatic process. in the stage-nozzle chamber
service pressure acts in the The service pressure and the pressure decreases and breaks down as
opening dJirection, the valve built up in the stage-nozzle chamber the flashing across the stage-
is completely open. by flashing produce an opposite nozzle decreases. The stage-
force, a thermodynamic process. nozzle then closes. Thermostatic

and spring charakteristics of the
Duo steeel plates are balanced
so that the opening and closing
temperatures are always just a
few degrees below saturation
temperature.
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Summary of Bimetallic Thermostatic Steam Traps

Advantages Disadvantages

® Automatic startup - large cold-to-hot ® Not suitable for low differential

startup and running load ratios pressure applications
® Fail open failure mode ® Sub-Cooled discharge causes backing-
® Sub-cooled discharge allows for water up concern in the design of some

seal resulting in no loss of live steam manufacturers
® Not affected by water hammer ® Various manufacturer designs use
® Not affected by ambient conditions different discharge temperatures
® Excellent for superheat applications Modulating discharge requires

n N Increased product and operation

® Notposition sensitive knowledge to diagnose trap failures
® [Effective for very high pressure

applications (4,000 psi)
® Repairable via new regulator assembly
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and Hot
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Potential Problem of Bi-metalic — Linear response
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Engineering Fix
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Membrane Thermostatic Trap Operation

Opening Closing

During shut-down of the plant: With rising condensate temperature
the liquid filling starts to evaporate.

With decreasing temperature

the filling starts to condense. The pressure in the capsule rises;
the membrane with the valve disc
During start-up of the plant: is moved in the closing direction.

The filling is condensed.
Condensate and air can
escape.



—
FLOWSERVE c:sea
N :

GESTRA Steam Systems

.....
# L
°
o
L]

o

Summary of Membrane Thermostatic Steam Traps

Advantages Disadvantages
Not position sensitive ® Not suitable for vacuum service
Not suitable for very low differential

pressure applications (less than 1.5 psi
differential)

® Parallels saturated steam curve over entire
range of the trap without orifice change-out

®  Sub-cooled discharge allows for water seal g ot gyjitable for superheated steam service

resulting in no loss of live steam . : : .
_ Maximum differential pressure limited to
® Automatic startup - large cold-to-hot startup 465 psi

and running load ratios
Not affected by ambient conditions

® Repairable via replacement seat and/or
membrane
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Steam Trap Selection

Not all Steam Trap types are equally suitable
for a given application. Depending on the
operating conditions and service In
question, one or more technologies will be
particulary well suited.
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Trap Selection Criteria

® Size Vi —47

® Upstream Pressure Maximum: 5,040 psig @ 100 °F

® Downstream Pressure Minimum: slight vacuum

® Flow: Maximum: 140,000 Ib/h @ 100 psi Ap

® Temperature: Maximum: 1,090 °F

® Connection Type: Butt-weld, Socket-weld, Flanged, NPT

® Design Pressure: Maximum: 5,040 psig @ 100 °F

® Design Temperature: Maximum: 1,090 °F

® Application: Drip, Tracer, Process Equipment (Which piece)
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Steam Loss Testing

® Formal testing program initiated at the Gestra factory in Bremen, Germany

® Test apparatus and procedure in accordance with the following standards

and certified by TUV
® ASME PTC 39-2005
® DINEN 27 841

® Extensive series of tests for each trap tested

©® Multiple pressures
® Various condensate loads
©® Horizontal versus vertical pipeline orientation

® Multiple manufacturers, technologies, and product models tested
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Certification of the Test Stand
according to DIN EN 27 841
and ASME PTC 39-2005

Tha Technical Contralling Organisation for Emeonmantal lssues TUV NORD Umesitachitz GmbH & C. KG

cerificates

GESTRA AG
Flowserve GESTRA

Milnchener StraBe 77, D-28215 Bremen

conducting & Test Stand which enahles to determing steam loss of automatic Steam Traps
and which s according to DIN EN 27 841 (Oct. 1881) mathod A and ASME PTC 28-2005
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Tal, 040 / BART- 2481 Pau,; 080 | BB5T - 3143
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Cost of Ownership by Technology

® Thermodynamic and Inverted Bucket technologies consume live steam in normal operation
versus zero consumption of a thermostatic type

® Under normal operations a loss of 2 Ibs per hour costs $175.20 per year to operate

® Based on steam cost of $10.00/1,000 Ibs
® (2 Ibs/hr x 8,760 hours / 1,000 Ibs) x $10.00 = $175.20

® With the typical life cycle of 5 years, this would equal $876 during normal operation
® Price Comparison between technologies

® Thermodynamic $170
® Inverted Bucket $225
® Thermostatic $190 - $269
® 5 Year Cost of Ownership Including Initial Cost of Trap
® Thermodynamic $1,046
@ Inverted Bucket $1,101

® Thermostatic $190 - $269
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Steam Loss in Ibs/hr

Low and High Pressure Inverted Bucket Results
Tested in Accordance with ASME PTC 39-2005 Test Procedure
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Thermodynamic Disc Results
Tested in Accordance with ASME PTC 39-2005 Test Procedure
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Gestra Bimetallic Thermostatic Results
Tested in Accordance with ASME PTC 39-2005 Test Procedure
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Gestra Membrane Thermostatic Results
Tested in Accordance with ASME PTC 39-2005 Test Procedure
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Cost of Ownership

Cost of Steam (Fuel, Boiler Chemicals, Water, Maintenance, etc.)

Loss of 2 Ib/hr

100 Traps

250 Traps

500 Traps

1,000 Traps

2,500 Traps

5,000 Traps

10,000 Traps

$7.50

$13,140

$32,850

$65,700

$131,400

$328,500

$657,000

$1,314,000

$10.00

$43,800

$43,800

$87,600

$175,200

$438,000

$876,000

$1,752,000

$15.00

$65,700

$65,700

$131,400

$262,800

$657,000

$1,314,000

$2,628,000

$20.00

$87,600

$87,600

$175,200

$350,400

$876,000

$1,752,000

$3,504,000

$25.00

$109,500

$109,500

$219,000

$438,000

$1,095,000

$2,190,000

$4,380,000

Example: (1,000 traps x 2 lbs/hr x 8,760 hours / 1,000 Ibs) x $15.00 = $262,800
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Justifying a Change in Technology
consider a facility with a mixed population of 1,000 traps
with different technologies and different differential pressures

Trap Population 50 psi 150 psi 250 psi Total
Thermodynamic 100 200 200 500
Inverted Bucket 200 200 100 500
Total 300 400 300 1000
Steam Loss by Trap 50 psi 150 psi 250 psi
Thermodynamic 2.0 5.8 8.0
Inverted Bucket 1.0 1.2 4.0
Steam Loss by Hour 50 psi 150 psi 250 psi Total
Thermodynamic 200 1,160 1,600 2,960
Inverted Bucket 200 240 400 840
Total 400 1,400 2,000 3,800

Example: (3,800 Ibs/hr x 8,760 hours / 1,000 Ibs) x $15.00 = $499,320 of wasted steam
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What Does It Cost to Change Steam Trap Technologies?
Consider a5 Year Plan

® Traps fail and must be replaced - Assume 5 year trap life equating to 20% failure rate

® Minor pipe work required - typical installations have a coupling on one or both sides of the
trap

® Thermostatic purchase price could be $0 - $100 more per trap depending upon make, model,
size, efc.

® All Gestra traps are designed to be field repairable at a fraction of the cost of a new trap
® All Gestra traps carry a two or three year warranty depending upon model

Let's assume an average price premium of $50 per trap

Based on a trap population of 1,000 traps, each year we replace 200 traps

200 traps at a $50 price premium = thermostatic investment of $10,000

Based on our previous example, with every 200 traps replaced with thermostatic technology,
we see a savings of 760 Ibs/hr (3,800 lbs/hr x 20%)

760 Ibs/hr x 8,760 hours / 1,000 Ibs x $15.00 = $99,864 in steam savings
$99,864 in steam savings - $10,000 possible price premium = net savings of $88,864 per year
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Importance of Trap Management

® Onaverage 20% of steam traps within a facility are failed
Failure mode can be leaking/blowing, plugged, or incorrectly sized

® Typically of the failed traps, a minimum of 50% are leaking or blowing live steam equating to 30-80 Ibs/hour
of steam loss per trap

® Plugged or cold traps can affect the operation or efficiency of the process equating to off spec product, lower

production rates, and frozen lines

Failed Open $5.00 $7.50 $10.00 $12.50 $15.00
1,000 Traps 100 $131,400 $197,100 $262,800 $328,500 $394,200
2,000 Traps 200 $262,800 $394,200 $525,600 $657,000 $788,400
3,000 Traps 300 $394,200 $591,300 $788,400 $985,500 $1,182,600
4,000 Traps 400 $525,600 $788,400 $1,051,200 $1,314,000 $1,576,800
9,000 Traps 500 $657,000 $985,500 $1,314,000 $1,642,500 $1,971,000

Example: 200 failed traps x 30 Ibs/hr x 8,760 hours / 1,000 Ibs x $7.50 = $394,200
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Gestra Steam Trap Management
Solutions

Steam trap tagging and survey route definition
Database creation in Excel® format
Ultrasonic testing with Gestra VKP-40EX management system
Recommendations for failed traps
Identify and recommend process improvements

» Incorrect piping, undersized steam traps, condensate recovery, etc.
Estimate steam and monetary loss
Prioritize failed trap replacement utilizing VKP-40EX ultrasonic signature graph
® Provide bill of materials for trap replacement
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In Conclusion

® There are multiple trap technologies available in the market place for a
very wide range of applications

® Thermostatic steam traps are the most energy efficient technology
available in the market

® Consider the total cost of ownership when selecting trap technologies
(initial investment plus annual energy consumption)

® With the ever increasing cost of energy, thermostatic technologies offer
quantifiable cost savings equating to increased bottom line profits for the
end user

® Gestra is the world leader in thermostatic steam trap development and
production

® Gestra trap management solutions offer a platform for reduced energy
costs and improved plant efficiency

® Gestra products offer the lowest cost of ownership for steam traps and
boiler blowdown equipment
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Simam Tip St H5 = January 708

Sugpested Actions

*» Deetermine your anmal fisd
costs hased en utility hills.

* Install & seam flowmets
your faciaty md calcalste your
spam pemeratiog cout. Compare
this with the benrhmark vk

= Using a sysi=ms approach. doa

determines the effective cout of
snazs, (See page 1 Effectne
Com of Smam )

Benchmark the Fuel Cost of Steam Generation

Benchmarking the fosl cost of sieam pensration. in dellars per 1,000 pounds
(31000 ) of steam. is an effective way to assess the efficisncy of your steam
visem. This codf iv dependent upon fesl rype. unit fuel cost, boiler efficiency,
fesdwater temperanure. and veam prevurs. This caloalwnen provides  pood firu
approcimation for the cost of pensrsnee seam and serves a3 a oacking device 1o
alipw fior bailer performance moniorine. Table 1 shows the heat inpar required to
prodace | T of sanurss=d steam at different operating pressures and varyins
fesdwater temperatmres. Table 1 lists the typical energy confent and boiler
combuihon «fficisncy for wyernl common fuelt

Tuide 1. Energy Fequirsd o Produce One Posnd of Sxorstsd Steam, B

Operzting Feadwater Tempersurs. “F

Piams ) 100 150 200 50
Py
150 1178 1,128 1,078 1,028 [Tii
450 1387 117 1,087 1,087 G8E
500 1184 1134 1,084 1,034 o84

* Caliculixied from steam Sables: based on the dfisrence betwesn the snfaipies of sshraisd seam and
fercmcter

P Type, s2ies unit

Ererzy Camerr, [

B it ey %
Ners e MW 1000000 ¥
Matoral G theunnied cafn bewt 1.500, 000 By
Umﬂ;:‘m.qdl:f S BT
Resiazi'ha. 6 0il, gallor W00 [T
Coal br 000,000 503

Mot Combumton eficency & maed on bollers eqepped with Iesdwaier sconomisers or ar prehestens and
% anygen m Bur gan

Diamn from the tables sbove can be wsed w determme the cost of usable bear fram a
bboiller ar other cominenon unit The calmistions can also nchide the operating costs
of acressaries such as Sedwater pumps. fans. fuel heaters, steam for fasl ssomizers
and soot blowing. treatment chemicals. and emiironmental and maimienance costs

Example

A beiler fired with narural gas costne 35 00 MMBm predoces 450-pounds-per-
square-inch-pauge (puz) sammated steam and is supplied wizh 130°F Eedwater
Using values from the tables, caloulate the fuel cost of preducing steam

Steam Cost = ($8.00AMBn/1 Bra MM Ein) 1 1000 b 1 1,006 (Biw h)/0.857
= $9.397,000 b

Bingey you 8 i purmn e s woingy oo, dordasl bl e ol

GESTRA Steam Systems
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Effective Cost of Steam - - et "'-:'-
The effective cost of smam depends oo the path @ follows from the boisr o the pom Pt Tty which halps e Ty
of use. Take a systems approach and censider the sntize boller island, mcluding effect :““mll“
of Mowdown, parsume steam consumpton, and dessrarion. Further complications m:'m—'m-r
arise becmuse of the efecs of process seam loads o differsnt pressures, mulriple Ay A AT (T
boilers, and wasts beat recovery systzms. To determine the effective cost of steam, —MT'—
mse 3 combined beat and power sinmlarion mode] that inchudes all the mimificant right now. - . Y
effects
Fanifia i emphatise Lo
mwm’:—-—
Muit-Fuel Capability 90 navig cev B4 schived. MOy gass
For mulri-fusl capahiley boiers, ks advantags of the volanliny i fasl prices by R
peridically analyrine the steam E=n=ration cost, and wse the fisl that provides the ‘iSO, Siv, IpraER o and e
lowsst stRam FEneration cost m_: R—
MUt ) euation i e it
Higher Versus Lower Haaling Values S ——
Fusl 15 sald based om irs gross or hizher heating valne (HEV). If ar the end of the
CominIsTion process. Waler ramams i the form of vaper. the HHV mmst be reduced FOR ADDTTHRGAL IFIAMATIN,
by the lxtent beat of vaporization of water. This reduced value is known as the lower PLEASE CONTACE:

beaning value [LHV)

1077
[1-077-337- 3867
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Suppested Actions

Seoam treps are fested primanly
o determine whether they ae
functioning properly and nat
allowing live steam o blow
through.

Resources

U.5. Department of Energy—
DOE's software, the Steam
System dssestmens Tool and
Steam System Scaping Tool, can
help you evaloate and identify
SIEAM SYEEM IMprovements.
In addition, refer to Improving
Steam System Performance:

A Sourcebaok for Induztry for
mofe information on steam
sysiem efficiency opportunities.

Visit the BestPractices Web site
at warw.eere energy. gov/induwstry’
hestpractices bo acoess thess and
many other industrial efficiency
resources and information on
training.

LS. Depariment of Energy

Imduerial Technologles Program

Inspect and Repair Steam Traps

In steam sysiems that have not been maintaaned for 3 1o 5 vears, between 15% 1o 30%
of the installed steam traps may have filed—thus allowing live stzam o escape inky
the condensate retum system. In sysiems with a regularly scheduled maintenance
program, leaking traps shoubd account for less than 5% of the trap population. 1f your
steam distribution system includes mone than 5060 traps, a steam trap survey will
probably reveal significant steam losses.

Example

In a plant where the value of steam is 510.00 per thowsand poands (5100001 000 1k,
an inspection program indicates that a trap on a 150-pound-per-squarne-inch-gauge
(psig) steam line is stock open. The trap orifice is 1/;® inch in diameter. The table
shows the estimated steam loss as 758 pounds per hour (Ihvhr). Afier the failed trap is
repaired, annual savings ane:

Annual Savings = 758 IWhr x 8,760 hr'yr x $10,06001,000 I
$6.640

Leaking S$izam Trap Discharge Rate™

— Steam Loss, bhr
D'nr:lzr.udgu: Steam Pressors, pig

16 100 160 30
a2 0.B& a3 48 -
116 34 13z 128 363
1® 1ay E2E ThE 145
a6 a7 118 17 e
10k 647 H 3 579
am 1z aTE BEZ 1,203

* From the: Boiler Eficiency nstituie. Sisam is discharging to atmospheric pressure frough a re-entrant oriiice
with a coefficent of dscharge equal o 0.72.

Steam Trap Testing Facts

Steam traps are tested to determine if they are functioning propery and not cold
pugging or failing in an open position and allowing live steam o escape into the
condensate retwm sysieme There are foer basic ways (o test steam traps: temperamre,
sound, visual, and electronic.

Racommended Steam Trap Testing Intervals

» High-Pressure (150 psig and abowe): Weekly to Monthly
» Medium-Pressure (30 to 150 psig): Monthly to Quanterly
* Low-Pressure (below 30 psig): Anmually

Energy Eﬂlnlenny and Renewable Energy

Banging you @ aronpeteuh uburs whane anarpy ok, sburdasy rdlabds end alorcedlie

GESTRA Steam Systems
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L8 Depariment o [nargy
Energy Efficiency and Renewable Energy

Bengag reu @ srimpurad sy whars ey B e, @urdes) diatle, e ool

Return Condensate to the Boiler

When steam transfers #s heat in 2 masefcmring procsss. heat exchanesr, ar heating
ooil. it reverts to a bouid phase called condensate. An sttractive method of
improviag your pewer plant 'y eoerpy eficiency 14 1o tocreass the condeniste retirn
1o the bovler

Fenmmings hot condsnzate to the boiler makes sense for several reasoms. As more
romdspsase is repurmed. less make-up wats is requirsd. saving fusl, makeup water,
and chemicals and trestment costs. Less condensate discharged into a sewer system
redacks disposal costs. Return of high purify condencate also reduces energy lodses
due to bailer blowdewn. Significans fosl wvings ecour 11 most renensd condensate
is refmrmvely hot (130°F w0 125°F), reducing the ameuns of cold makeuy watsr (50°F
1o 50°F) that must be beaed

A simple calculation imdicates that ensrgy in the condspsate can be more than 10%
of the total seain energy comtent of a typacal system. The graph shows the heat
remaining in the condensate 01 various condeniate wemperarures, for o seam syviem
opersiing x 100 pounds per square mek pxugze (pair) with makeup waser ar 35°F

= F
el .
" L b = eelaioy of cosdenasle ol TE°T - 18 /b
" l..':--l"" by = eefaloy ol makeup waie o ST = 70 b
i by = onBaiy ol sean o VN pag - 1159 Bk
= L Heal remasmig o cosdmaate [
xS = ey g 10
B = (M - TRTIB9 - T3« W0 = T10%
S 180 1TE M NS N0 I EE ER M0
e g
Example

Consider a steam svst=m that returns mn addstional 10,000 pounds per bowr (To/hr) of
condemsate at 150°F afier distribution modifications. Asvame this sysem operates
5,000 bours annually with an averape bailer efficisncy of 30%, and makeup water
temperarurs of 55°F The water and sewnge couts for the plant are 50001 per gallon
(S'enl). and the water mearment cost is $0 002'zal The el cost is 3800 per million
Bm (38 00MMEBEm). Assuming a 13% flash steam Joss®. almlate overall savings.

Anmual Waier, Sewape,

& Chemicals Saviagz = (] - Flash Smam Fraction) = (Condensate Load, lvhr) %

Annual Dpd:mr_g Houry x (Total Water Coary, $/gal)
(Water Deemsiry, [bizal)
(1- 013 x 10.000 x 5,000 x $0.004

534

= $33780

* e wmurmed condereaee & redured io some o presure, some concensais fashes off £ oemm agan
Thes amcurt is the flash senm iom.
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Annmal Fuel Savings = (1 — Flash S=em Fracton) x (Condensate Load. B'hr) = m.”--_i‘-
Anmual Crperating Hours x (Makeup Water Tempemanurs e i e b——
Rise, °F) x (Fusl Cost, $/MMBra) = (Hent Capaciry of s i s
Water, Bro/T-"F) (Bouler Efficiency x 10 Bra/ MMBmn) —w_“‘:::g
= (1 -1012) = 10,000 = 8,000 x (180 - 35) x 58.00 AT AT TR T
T b TR E aftidarny
(080 = 10% F
T -
= §58 000 [——
b b it Ayl
. whars sgnifiat] SMUMSTY MFeTE
Toital Amsmal Saving: Diue io Befurn of -":haﬂrﬂ
= ECTENE D -
an Addifional 10,000 Ih'kr of Condensate =$33,760 + $88 000 b ] peitsiea i
= §1I1,760 RS SR, COMpIEESD B W NS
T Wy 0 ESeE, e ntatial
Rsrasriers Lpibrn jrevds coegTsee
Condensate Recovary Producas Savings b A
A larpe specialry paper plasy reduced i bedler makeup waser mie from shom
35 of steam production to berween 14% and 207 by remrmins addmonal
condensate. Anmual savings added up to more than 3000000 FOR ADTITHNAL I FOSMUTION,
PLEASE CONTACT
Adapred from an Energy TIPS fct shewt thar was origmaly pabiished by the
Indusrrial Energy Extention Sarvice of Georgin Tach BEAE inder mation. Comaer
1-41T-EERE-INF
[1-AT7-337-340%
e =T ATIECOY.G0E
itentrial Tothivoiogie Program
o { e
3 Deparire
I-r-.-.mﬂn
W £=re enErgy Qo ndemny
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Minimize Boiler Blowdown

Minimiring vour hiewdown miz can sbstantially redue snergy losses. as the
temperarure of the blown-down Liquid & the same as that of the steam penerated in
the boser Minimizep Mowdown will sl reduce mubeg water and chemical
ITRATmE (NI

As waisr evaporates m the boiler st=am drum . solids present in the fedwaser are left
behind The suspended solids form shadze or sediments in the boiler, which degrades
heat tramsfer. Dissedved solids promeote aming and carryover of boiler water into
the wmeam. To reduce the lrvels of uspesded and rotal divialved solids (TD'S) 1o
acoepiable limiis, waer i periodically ducharped or blown down from the bailer.
Mind ar bortom blowdews is wsnally a mamal procedere dens for a fow seconds on
imtervals of several bours. I is desisned to remove suspended solids thae senle out
af the boiler water and form a heavy shdze Surface or skimming blowdewn is
designed to reciove the dissohed solids that concentrate pear the liguid narface
Sarface blowdown 13 aften & continuous process

Insuificient blowdows may lead o carryever of bolsr water into the si2am . or the
formation of deposits. Excessive blowdown will wasts snsrgy, water, and chemicals.
The optimum blowdews rate is determined by various facters including the bailer
TVpe. operating pressure, water treatmest. and quality of makeup water Blowdown
rates rypically range from 4% 1o 8% of boiler feedwater flow rate, bur can be a3 high
&5 107 when makeun water has a high solids conent

Exampla

Aszame that the installation of an mmematic blowdown costral syvhem (see page 1)

redaces your blowdows rate from 5% to 8% This sxssple sisumes & costinusunly

operaring nanaral gpas-fired. 150-paig 100.000-pound-per-bour (Th/'hr) meam bailer,

Azmames 3 makeup wassr remperature of 50°F, beiler efficency of 507, wih fins]

vained ar $8.00 per milbion B (58 00MMBi). and the total waier, sewaze. and

trzaiment costs at $0004 per gallon. Calmulate the total ammal cost savines
100,000

1 -0.08)

= 108,855 /ir

Boler Feedwater Ieitial =

100000
T-008
106,383 Bk

Final =

Maksup Water Savings = 108,695 - 108383 = 1311 Tnhr
Enthalpy of Bailer Water = 338.5 Bra'l; for makeup water at §0°F = 18 Bru'Th
Thermal Energy Sevings = 338 5 = 2§ = 310.5 Blu'®

Ansusl Feel Savingy = 1,311 Th/hr x £780 hriyear x 31005 Bru/T x 38 00 MMBrmn
(080 x 10% B/ MME )
= §41 584

Sengey yau @ rinputn Liaw sy ewrgs noder. Soedeel dlotls sl sl
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2303 b & 5760 brsvr x 30,0041
CETY ]

Annusl Waer and Chemical Savimes =
=¥

Annusl Cest Savings = $61806 + $9.T14
= §TL5iN

Automatic Blowdown Control Systems

Thes syitems optimize wurface blowdews by megulating waser volume discharged
in relstion to amount of divsabved salidy present. Conduceivry, TDS, silica ot
chlarides copcentratsans, and or alkalmiry are relishle mdwasors of salrs and ether
conaminanss dissolved m boiler water. A probe providss Sedback to a contellsr
driving a medulating blowdown valve. An allemative is properfional comtral —
witlk the biowdown rate st proportional to the makeip waser flow

Cyches of Concentration

“Cycles of concentranion” r=fers o the aommmmlaion of imparmes in the beilsr
water If the boiler water contains 10 times the level of impurities in the maksup
water, i is said fo have 10 cycles of concentration

References

1. "Conssrar Oparine Pracoces for Conmel of Feednater Boler Wty Chemisry m
Miodam Ingdustrial Boilers ™ puilished ty the ATME, 1094

1. "Fecommmended Rules for the Care and Opemtion of Heating Soilers,” Section VI of the
ASME Baotler and Preseaw Vieusal Code, 1995

1 “Feconserded Gusdebines for the Care of Power Baillers, ™ Secnon VI of the ASME
Bl md Pressure Vessel Code, 1995

Adapwed from an Energy TIPS fact sheet that war origmaliy published by the

Induzirinl Energy Exteniion Service gf Gesrgia Toch
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Install an Automatic Blowdown Control System

Background

To reduce the levels of nuspended and total dissohved soluds i a boiler. water &
penodically discharged or blown dows. High dissohwd solid: concenmmanoss can
lead 1o Soaming and carryover of bodler waner meo the meam This could lead 10
warer hammer, whirk may damage piine steam Waps. of proCess SQUDmens
Sarfce bowdown removes dissolved solids that accunmilace near the bailsr Louid
surface and is often a continuous process

Suspended and dissolved solids can alse form sludge Shudge must be removed
becmnse i reduces the heas-ransfer capabilinies of the bodler. resulring in poar foel-
to-sr2am efficiency and possible pressore vessel damaze Shndge is removed by mud
ar betmm blowdown

Duuring the surface blowdown process. a controlled amoust of boller water
contining kigh divsobred solids concentrarions iy drscharped imo the sewer [n
addwion 1o wasting wassr mnd chemirsls, the blowdows process wasies bam snsrgy,
beramse the blowndown Hquid is af the same temperarore as the steam produced—
epproumately 366°F for 130-pounds-per-square-inch-gmze (psig) samrated steam—
and blowdown heat mootery systems. if svailable, are ot 1007 efficest (Waste
haat may be recovered through the us of 3 blowdown beat sxchanger of » flash tank
in conpuncrion with 2 beat recovery ryaem. For more infermation, see Swam Tip
Sheet #10, Recover Haa! from Boder Blonwdown)

Advantages of Automatic Control Systems

With manual contrel of surface blowdown. there is oo way to determine the
coacmtration of diswelved solsds in the boller water, por the optimal bowdown rate
Opermars do pot know when 1 blow down the boder, or for how long [ikewise,
nsing 2 fized rate of blowdown does mot ke into acoouwn changes m makeup and
feedwarer condinon: o varianons m s=am demand or condensate remm

An sutomatic blowdewn-contral fyitem optimizes nurface-blowdown rates by
regalating the volume of water discharged from the bother in relation to the
concenmanan of disselved solsds presem Autamaric sarfsce-blowdows contral
SySiEms maintain warsr chemistry wilin acceptable imes, while minimiring
biowdown and reducins energy Josses Cost savings come from the siEmificant
reducmon in the consamption. dispesal. meatment, and heating of water

How it Works

Witk an smemary blowdown-contral oysem, high- or low-pressure probes are used
o measure condorovey. The conduciviry probes provids Eedback w2 blowdown

comtmoli=r that compares the measured conductivity with a s=i-point value. and then
transmits an outpul sgmal that drives 2 modulating blewdewn release valve

Condacmyiry 15 & meamere af the eleomneal curren carmsd by positive snd sepanive
ions when a velmape is applied across slecmodes in 2 waer sample Condurriviry
inrresses when the disalved ion conrenTanons incrsase
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The measured current & direcily propertonal wo the speafic conductiviry of the e e
finid Total dissolved sofids. silica, chloride concentrations, and/or alkaliity i enliet T A e
contribute o conductnify measurements. These chemical speci#s are reliable = _-hm.n"
CADOEY water Smstacticen
indi of ialty and oder contaminanty & the boiler o
Applications T D e
S GG TN asaYy dfianny
Bailers wizhout a blowdown beat-recovery system and weh hizh blowdown mm=s 2 [ 2]
affer the preatest energy-savings potental The optimum biswdown rate is PP
determined by o number of Gctors, inchading botler fype. epemating preisum. water P ficas srphaes gt pstEnL
treatmest. sed makeup-water quality. Savisgs alio depend spoe the quantiry of I el ey g
condensae remarned to the bailer. Witk 2 low percentage of condensate rerarn, more -=,- -__:mm
makeup watzr is requirsd and additionsl bewdown must eccur. Bailer blowdown IESshERs Y IRV D6 pETNAMCE 1
rates aftzn range from 1% to 3% of the Sedwater flow rate. b they can be as hish S S
a5 20% ® maintain silica and alkalinity bmiss when the makeup water has » kizh m:’m
wolids comtent Infustoil ey st e wnall gl
Ficf slb At el e
Price and Performance Example

For a 100000 pound-per-hour (Th'hr) stzam boiler, decreasing the required

blowdown rate from % to §% of the Badwater flow mie will reduce maksmp water e e e
requirements by approximately 1.300 Tl (See Steam Tip Sheet #0. Mimmize

Botier Biowdown) Ansual energy. water, 2ad chemicals savings due 1o blowdown

rate reducrions for o simsle syuEm are sumsmarized (5 the thle below In many glmh
cases, these savings can prowide a |- to 3-year smple pavback an the mvesrmsni in [-ET7-337-34E7)
an auomaric blowdown comrol sysiem ST EnErTy.OT
e g g
[T —r———— Arrusl mnp 1 m
b Fu i o G = SX pwinmal of Koy
1,000 27,200 420 31,400 .__',__'f'._h_,
200 40D BADD B2 800
4000 108,000 6800 175,800
Motr Hased o combinuous opeeston of o 1hl pag retral gas (red sieas Soder woth fusl vaked 2 $3 00
por e Bas 800/ MMB), & saheup waber of GIPF, 2l & besber sfficiency of 8% Water,

sewage, e Chemecal Trsimend cosi are esl o 50004 per gallon

Purchasizg and installing an swtomatic blewdown-contml sritem can cost fom
$2.500 o $4.000. The consplete system comaams of o low- or high-pressure
candurtnvery probe, lempersrure compenusnion And signal condirianing squipment,
and a blowdown-modulanee valve. Some sysems are desiened to monmer bot
feedwat=r and blowdown conductiviry fom mulriple boflsrs. A contimmous

conductmeity racording capabilicy might alse be desired. The tofal cost of the ‘mm
automatx biowdown sysem is dependent wpon the ysiem operating presvare and oA
the design and performance options specified 5 Siisldiene

-'ﬂ_--Tmi
Recommended Practices ul—--um—l-.m‘__l
The Amencan Society of Mechanical Ensinsers (ASME) kas developed a e a Ty o s
COMSEDEs o0 operting practices for beiler blowdown. Sactions VI and VI of the hﬁh
ASME Bedler and Prewvure Vesstl Code describe recommended proctioss. The i el i A
ASME Beuter and Presvure Vesse! Code can be ardered through the ASME Web - dhunrer ool o sy | n
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