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Energy Saving Opportunities in Steam &
Condensate Loops

Pierre Schmidt, Spirax Sarco, Inc




Spirax Sarco Is a “Save Energy I>Iow” ALLY

! Nationwide network of partners to provide resources & incentives to help
industry meet goals

*http://www.energy.gov/ spirax
sarco



Plant Wide focus on utilities & energy savings

“Expertise, Solutions & Sustainability”

Control systems,
valves and traps

Flowmeters Pipeline ancillaries

Processes and
applications

Boiler controls
and systems

>
Automation and
services
Boiler blow down Humidifiers
Condensate pumps
and heat recovery spi
ysarcd‘
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Driving Forces

Energy mlnstitutions, Gom Safety

COStS Balanced Budget

Productivity Reliability
Environment
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Environment Emissions




* Meters
Steam
Gas
Compressed Air
Chilled Water
Process Water
Boiler Make-Up Water
® Consider a partner that can:
Engineer & select properly
Install
Commission
Monitor
Report

Offer teaming partnerships



® Turndown

® Density compensation

® Straight runs of pipe

® Ease of installation, hot tap capability
® Orientation

® Data communications

® Steam quality

® Custody transfer accuracy and traceability (NIST)

® Repeatability
* Media



Insertion Vortex




Energy Costs - US



® January 2010 average price is $5.70/MMBTU
*® Boiler efficiency — 81.7% (Stack Losses)

* Boiler Blowdown 10%

* Water/Chemical Costs - $0.60/1000 lbs

® Condensate Recovery — 50% of steam load

® Steam Cost = $8.33/1000 Ibs of steam

® Savings calculations based on Cost of Steam




® Look for a partner that can provide:

Local Technical Service & Support
Design Assistance

Steam Trap Surveys

Steam System Audits

Steam System Management

Turnkey Solutions

Other Services & Specialty Audits/Models

Locally stocked products



Phase | — Test all steam traps

Phase Il — Evaluate ‘Cold’ Steam Traps

Phase Il - Conduct Steam Leak Survey

Phase IV - Audit complete steam system

Manage turnkey projects supported with ROI/IRR

Phase V - Schedule next surveys




A Steam Trap which has failed
open will result In:

 Increased fuel bills
e Higher emissions
 Increased water charges

« Unsightly vent losses (is this pollution?!)



* An Automatic Mechanical Valve that:

Differentiates between Steam and Condensate
Closes in the presence of Steam

Opens in the presence of Condensate
Determines presence of non-condensing gases*

An orifice device, by definition, Is not a steam tr

ap!




MECHANICAL / DENSITY
FLOAT & THERMOSTATIC
INVERTED BUCKET
THERMOSTATIC
BALANCED PRESSURE
BIMETALIC
KINETIC ENERGY
DISK, LEVER, IMPULSE

One type of trap cannot meet all system
requirements !



Based on ASME MFC-3M, BS1042 & ISO 5167,

W = 0.00751 x E x d2z X0IP/ vg X % Open

Where:

W = Steam loss

E = 1/@1- beta ) where: Beta = d/D (d = orifice dia. & D = pipe dia.)

DP = differential pressure x F1 factor

vg = specific volume of steam

% open = F2 factor



Has a discharge orifice of 1/4”.
Can pass 136 Ib/hr of steam, if fully open.
24h/7d/52w = 1,188,096 Ib/year.

@ $8.33/1000Ib = $9,897 per year
And 91.24 Tonnes/Year of CO 2




A Trap which has failed closed will result in:

sIncreased maintenance (corrosion due to
carbonic acid)

eLonger start-up times

*Reduction in process performance
*\Wet steam and waterhammer
*Freezing, rupture

Downtime & loss of production



Oxygen Corrosion



DISTRIBUTION LINES

8,000-10,000 fpm




DISTRIBUTION LINES

8,000-10,000 fpm




DISTRIBUTION LINES

8,000-10,000 fpm
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Approaching
Steam Velocity










Cold Steam Main Drip
Traps:

Waterhammer is extremely
dangerous and can be life
threatening

Ruptured Steam Mains
cause major plant shutdowns
and expensive repairs

Waterhammer KILLS
Piece of pipe traveled over an Admin Building an estimated 400¢ards,

before hitting and bringing down two (2) 345 kV transmission lies and
falling in parking lot



® Survey Steam leaks and estimate
losses

® Log locations

® Determine those that can be repaired
on line

® Schedule others for turnaround dates
® Estimate cost of repailr
® Schedule work

®* Eliminate Leaks



®0.375" opening leaking to atmosphere:
= 561 Ibs/hr loss @ 150 psig
=561 X 24 hrs X 365 days
= 4,914,360 lbs/year
@ $8.33/1000 lbs

= $40,937 per annum (over 250 ton/year CO2 emissions )



* Safety

® Energy Loss
Causes system degradation
Corrosion
Vibration / Thermal Shock / Noise
Impaired System Performance
Formation of icicles & slip hazards
Safety
Safety
Safety



Condensate Recovery saves:
-Water costs
-Preheating energy costs
-Chemical treatment costs
-Effluent costs
-Boiler Blowdown % (Efficiency)
-Emissions
-Damage to infrastructure
-Safety incidents

(Just 16 gpm can save over $123,000.00
per year and 8,400,000 gpy)






Carry out complete
audits of steam
and condensate
systems to advise
on ways to improve
efficiency



® Steam System Optimization:

To control Safety, Installation, Maintenance and
Energy loss

® Process Improvement Concepts:

To correct System Design and below par Process

Performance

®* Condensate Recovery Initiatives:

Reduce Energy Loss

® Unrealized Needs Development:

Increase Productivity and further Cost Reductions



ARE YOU EXPERIENCING?

Steam Heat Exchangers Yes No

Knocking Or Banging
Leaking Gaskets

Erratic Control

Tube Bundle Corrosion
Tube Bundle Erosion

Tube Fouling Or Leaking
Condensate Drained To Pad

Steam Turbines
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Excess Steam Consumption
Blade Erosion

Vibration

No Casing Drainage

Vacuum Condensers
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Insufficient Vacuum

Ejector Nozzle Erosion
High Hotwell Temperatures
Air Leakage

Steam Mains

es

Steam Leaks

Waterhammer

Corrosion

Exhaust Steam To Atmosphere
Missing Thermal Insulation

Condensate Systems Yes No

Condensate Draining To Sewer
Condensate Contamination
Waterhammer

EPA Compliance Concerns
NESHAP Concerns

Low % Return To Boilers
System Corrosion

System Erosion
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Steam Tracing
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Products Overheating

Low Product Temperatures
High Product Viscosity
Steam Leaks

Product Setup Or Freezing
No Condensate Collection
Steam Burn Issues

Compressed Air Systems
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Water In Air Lines
Corrosion

Air Leaks

Qil Carryover

Hose Down Stations
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Live Steam Blowthrough
Burn Issues

Water Overheating
Flooded/Waterlogged Lines

Control Valves

Valve Seat Erosion
Leaking Valve Packing
Vibration

Erratic Control

Dirt Build Up

General
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Extended Rail Car Heat Up Time

Poor Flare Line Drainage
Flare Snuffing Ring Damage
Erosion From Trap Discharge
Storage Tanks Overheating
Low FD Furnace Air Temps
Filter/Strainer Pluggage
Steam Meter Turndown Limits
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Company:

Contact:

Telephone:

Utilized to:

Uncover symptoms
Determination of Problems

Providing Solutions to the
Problems

Calculating ROI

Secure Project Approval



Group Trapping

Poor Heat Exchanger Operation
Condensate Recovery

Inadequate Steam Main Drainage

Steam piping leaks

Equipment leaks

High Surface Condenser Vacuum Pressures
Wet steam to control valves

Ineffective Steam Tracing

Poor cooker drainage



Inefficient Boiler Operation

Combustible options

Poor Heat Exchanger Drainage
Condensate Losses

Inadequate Steam Main Drainage
Inadequate venting of incondensable gases
Steam piping leaks

Inadequate & Damaged Thermal Insulation
Waterhammer

System Corrosion

Other System Improvements



Clean Steam for Humidification

* Safe steam fit for humans
®* Clean Steam Generators

* Avoid AHU contamination
(Legionnaire’s)



®* Thermal Survey of Steam
Distribution Piping with report of
BTU loss estimates

find locations
log & map BTU loss per hour

®* Determine locations that can be
repaired or improved

® Findings presentation to facility
management



DOE'’s “3E Plus”

 Calculates the most
economical thickness of
industrial insulation for existing
operating conditions.

e Summarizes potential savings
INn energy costs and emissions



Heat Losses BTU’'s/Hr. UNINSULATED VALVES

[ ) H —
Degrees Fahrenheit 120 psig steam = 350 deg F

Valve | 200 250 300 350 400 450 500 550 600 8" yvalve = 10,987 BTU/hr lost,

2 848 | 1297 | 1806 | 2378] 3017 3728 451 53d3_ epe@ll temp 70 deg F

292 1132 1732 2411 3174 4027 497

4
6030 7199 8491
0

3 | 1305 | 1996 | 2779| 3659| 4641 573y 6950 8297 9ys? X 24 hrs x 365 days

1777 2718 3784 4982 6321 781 9465 11288332

5" 2169 3317 4618 6080 7713 953]

11550  1378B526: = 062KK BTU loss

6” 2699 4127 5746 7565 9597 1185 14371  1713%)23¢

8" | 3920 | 5994 | 8346| 10987 13930 17244 20872  249B939(

100 | 5221 | 7984 | 11117] 14636 18567 22943 27803 3318914 @ $8.33/1000 Ibs steam
12" | 6919 | 10579] 14730 19392 24601 30399 36839  43D3ES7:

14> | 8766 | 13403 18662 24569 31168 38514 46672 s5ras7iil = over $803.00 per year
16" | 10712 | 16380] 228071 30025 38049 47067 57037 6808631

18" | 11003 | 18200] 25341 33361 42342 522b7 63374 7558323 loss

AMBIENT TEMPERATURE: 70 ° AIR: 5 MPH Ambient air !!



Other Areas of
opportunity...

Heat Recovery



Boiler water TDS

Maximum allowable TDS

Average TDS
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Deaerator Head Plant Condensate

Hot well

e i

Flash

' ® lvessel
-

©
Heat
exchanger
Boiler Totrap
Feed pump Cold make-up

To drain






Stack Gas Waste Heat Recovery: Suggested Action

® After tune-up determine stack

: : temperature & excess air levels with all
Boiler Feed Water Heating heat transfer surfaces clean.

® Determine minimum temperature stack
gases can be cooled. (The lowest for
natural gas is 250F).

® Study the cost effectiveness of
installing a feed water economizer or air
pre-heater in the boiler.




® 20,000 lbs/nr, 60 psig condensate return, flashto 15 psig
® Flash produced = 6.3%

® Flash steam = 1260 Ibs/hr x 24 x 240 days/year
® Total = 7,257,600 Ibs of steam

* At $8.33/1000 Ibs of steam

*= $60,456 per annum

® Just as good as live steam — harness it !



Flash Steam Outlet

Inlet [

Condensate Outlet



® |nstantaneous variable
load capability

* Eliminates hot water
storage and Legionella
bacteria risk

® Accurate temperature
control

* Plate &Frame construction
designed for steam use
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The thermal efficiency of a Plate &
Frame averages 93.8% while that of
the shell-and-tube with automatic
pump trap (APT) averages 87.4%, a
6.4% efficiency advantage for the

Plate & Frame heat exchanger... -/




Steam Induced Vacuum?



® Drainage, no problem...




® Solution- open trap to drain?







1.Leaking bucket trap @ 75 psig. $9,897/year, 91 ton/yr CO2
2.100 traps surveyed, 18 leaking, $41K/yr, 257 ton/yr CO2
3.16 usgpm condensate recovery, $123K/yr & 8,400,000 ga  l/yr H20

4 Heat loss 8” gate valve, 962,000,000 BTU, $803/yr

5.3/8” steam leak to atmosphere, $41K/yr, over 250 ton/yr CO2
6.700 HP boiler BDHRU & manage TDS, $48K/year, 237 ton/yr CO2
(.11 degree F rise in boiler feed water increases boi  ler efficiency 1%
8. Flash recovery from 20,000 Ibs/hr 6.3%, $61K/yr & CO2 savings
O.Plate & frame versus shell & tube 6.4% efficiency g ain

10.1 mm of scale buildup in a boiler increases fuel us e by 2%

11.SAFETY issues — water hammer, leaks to atmosphere,  Legionaire’s...

Call Spirax Sarco 630.493.4525, 630.258.6653 PSChmidt@spirax.com



Training Centers
Blythewood, Allentown, Chicago, Houston, LA




Steam generation, distribution and utilization

Condensate removal, heat recovery and return



® Questions?



