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Section 11: Steam System Optimization —
Conclusions

Industrial Steam System Energy Assessment
Conclusions
Tools & Resources
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Industrial Energy Assessment

v There are several levels of industrial plant
energy assessments (audits)

* Overall plant-wide
* System focused — steam, compressed air.....
* 1-day, 3-day......
v But the overall goal is typically, focused on
reductions in energy usage (and/or intensity)

v ldentification of energy savings opportunities and
path to implementation

v Expectations vary significantly between plant
personnel and energy auditor
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Steam Energy Assessment Standard

ASME EA-3-2009
™ ASME EA-3G-2010
- (ANSI Designation: ASME TR EA-36-2010)

Energy Guidance for ASME
- Assessment for L B3, Emargy.
ssessment 1or
Steam Systems Steam Systems
- -~
I
|

| AN AMERICAN NATIONAL STANDARD AN ASME TECHNICAL REPORT

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment Section_11 3



7R\

o PARTNER FOR PROSPERITY

Steam Energy Assessment Standard

v The standard clearly identifies the processes, protocols
and deliverables of a steam assessment

v' The sections of the steam assessment standard are:
* Scope & Introduction
* Definitions
* References
* QOrganizing the Assessment
* Conducting the Assessment
* Assessment Data Analysis
* Report & Documentation
* Appendix A — Key References

v" An accompanying guide provides more detailed
Information for each of the sections
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Typical Project Areas in a Steam System Assessment

v" Boiler efficiency v Turbine-PRV operations
iImprovement v' Condensing turbine

v' Fuel switching operatons

v Boiler blowdown thermal ¥ Thermal insulation
energy recovery \\: Condensate recovery

v" Steam demand reduction Flash steam recovery

v General turbine v Steam leaks

. management

operations Y

v , _ Steam trap management
Thermal |nt.e.gr<'?1t|on | v" Waste heat recovery

v Process/Utility integration

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment Section_11 5
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Energy Saving Opportunities

Near-Term Mid-Term Long-Term
Improvements in Require purchase of New technology or
Definition operating and additional equipment confirmation of
maintenance practices | and/or system changes performance in plant
Capital Low cost actions or Rules of thumb estimates | Additional due-diligence
Expense equipment purchases can be made required
Payback Less than one year One to two year Two to five-year

« Boiler combustion |+ Automatic combustion | + Combined Heat &

Exambles of tuning control Power
Pro'egs * Insulation « Blowdown energy « Steam turbine driven
J » Steam leaks and recovery process components

trap management » Feedwater economizer | = Boiler fuel switching

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment Section_11 6
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Industrial Steam System Energy
Assessment Report
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Save Energy Now Assessinent Feport

ESA-M3-5

eneral AssessTvend Information
Comparer: Lo Befivirg Compacy Degecemerdt Type: Steam
Plart: CITG] Petrolom Comporation Loegeeemert Dates: 1702011 - LO0WA011
Locaim: Lemad IL

Hant Infonadion

HAICS: 234110
Proriapa] Pmdicts: Crasoline & atherblaudk
Addrecs: 135 and Hemr doravnie, Lemort, I1, 60439

Employed: S0
Floor Lrea: 1000 ames

Parli cipand Comnata ok Fndf oo adion

Pard Cordaat |M Expart Cordat
HMamme: Hume: ErmzPapar
e Comparty: Fhdeoy Tedwoligie: Compacy
Email: Prume: 231 2020075

Email: papam@oadkaitedoom
Coxporate Cordant Terbaical Acoonmt Lozt
Hame: Tome :
e Mhme:
Email: Email:

v Example — US DOE
Steam Energy
Assessment Report

v General Information
about the plant
* Industry type
* Size
* Location
* Plant personnel
* Energy Expert, etc.
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Plart Hame: ICITGO Petiolenm Corporation i ddress: [155th and Hew Averme
POMAY s oline & Other fael blends Ctate:  [IL
Frodiact:
ITndJJsth.r Fetroleum 1ty Lemornt
vpe:
MATCS Code: 524110 =1 o1435

Plant Backgrmound and Process Descaption

The CITGD Petroleum Corporation refmerr 15 located m Lemoet, [L and has a capactty of
e 170000 barrels per day crade o1l thacushpat.

Arnnual Thihty Coneumiption
Annual Avg. Annual Annual | Unit | CO- Emission (Meiric
Uzagp Denvand Cost Cost Tons)
Electriciy kWh LW T35 | $0:Wh A
M ataral Gas GJ 5t FA5T TT]
Cither Gas ] 533 $IGT
Total Cal B 5
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Section_11 9



¢ N\
9 PARTNER FOR PROSPERITY
NS 2’4

Smnnaly of Fnercy Savine Opportanities

;i
Azgessment Opporiunities Estimated Annual Savings Simple
Recommended Cﬂi. Cost Payhack
ESOA  “oortunities [V | KW' | G ﬂ}i:;;ﬂ Savings ()|  (years)
1
4
3
P
5
]
7
g
9
10
11
- Elecfriciiy Savings - Elecirical Demeand Savings - Nefural Gas or Cfher Fuel Savings =
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Oualitative Eecommendations

Continue with the stearn trap managernent program
. [nerease condensate retwrn to the Conserseation area
. Beduce the armount of stearm to flares
duce the amount of stearn to equalization tank

—otbined Heat and Poarer (CHP) nstallation
steamn systern optirzation

ahbration of Instroments

ortable mstruments to be nsed by Lead

ontinue mortonng and trending equiproent efficlency

N0 B0 T ) ) L )

v Qualitative recommendations should capture

* Opportunities that were NOT evaluated during the
assessment and the plant is a good candidate for them

* Areas which may NOT directly lend to quantification of
energy savings by implementing them

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment Section_11 11
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JObserved Best Practices

1: Owerall siie level integration
otearn 15 gererated at several different areas in the refinery but there is a central distributior
systern and site-wide steam header network and integration.

2: Significant instrumentation for energy balance analysis
There iz a sigraficant arnount of instrumentation that rmorators critical operating pararneters and a
PT historian systern that helps plant personnel to do a mass and energy balance analysis.

3: High level of sysiem-hased and equipmeni-hased energy efficiency meircs and EPls
With the significant arnount of real-tiree data collection, the plant has a prograr to deterrnine
systern-based and equipment-based efficiency metries and KFPIs. Sorne exaraples include:
arnourt of fuel used per In of stearn produced, energy mtersity index, ete.

#: Record and log of water treaitment, hlowdown, etc.
Plant persontel marually log mforreation from water testing that i3 done on a regular basis.

: Stack heat recovery on hoilers
oet of the bolers (CO, &wr and Packaze) have feedwater econorwazers that capture stack loss

fromm the boders and 1rprovee bodler efficiency.

%@mm}l heat ecovery
oot bollers and waste heat steam generators have hlowdowm flash stearn recovery.

T: Oxygen trim controllers on all hoilers
Chorzen trivn controllers allowr to keep wery tight excess air levels and ronivize stack losses.

8: Operation with NO exira hoilers
The plant dernand 13 such that every stearn generating asset is utilized to its fullest i winter
Then, in sumrner, the rental boiler doesn't operate.

9: Use of hackpressure turhines for pressume ktdown
There are several backpressure stearn twbines that divve mecharical equipment and maintain a

v' Observed Best
Practices in the
plant should be

highlighted

v These should be
encouraged by the
Energy Expert

v' These are Winners
that the plant
needs to be
congratulated for

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment Section_11 12
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ESQ#1 : Improve generation efficiency of boiler

Estimaied Annual Savings Estinaied Pmject Cost | Simple
ARC: LI [ G R e e R High P(:*EL&T
Mataral Gas TE Gl CC T
Total CC 335 $LLLL $HHHH 1.0- 2.0
Bacdsgmound

The boiler averages ~XX Tph of steam production ower the whole winter season. It operates at a

maxinmm of T Tph and there are times during the winter when this rental bodler 15 at #s

maxinmm firmg rate. It doesn’™ have a fesdvrater sconomuzer. Acecrding to plant persormel,

has a positional coygen (ercess air] contral system but no in-sitn measuremerts exist on this

boiler. Thie to unawvailability of pot holes m the stack, readings could neot be taken wath the
nergy Erpert™s pomable comvbustion amaly=er etther. Based on past experience wath rertal
oilers and plant personnel’s ohservations, it 15 estimated that the rertal boiler operates at ~7&%
oller efficiency.

commendation

It 15 recortumended to meoorporate an amtomatic cxygen trim controller that mandains 2-3% foe
gas oxygen and install a modular feederater economizer m the fhie gas stack.

Fetimaied Savings

Based on a new potertial stack tenperature of Z75*F and 3% oxygen, stack loss canbe reduced
to 15% fomn the ourert operation o Z2%0 Using 2 SEAT modsl the aremal enerey savings (with
only winter cperation) are expected to be ~ZZ GJ. This would be equivalent to natoral gas
savings of ~$35E.

Implementation Cost and Simple Payback

Typical feadwater econonuser prjects result m less than a year simple paybacks. Adding
tomatic oxyzen trom comtollers can have nnch faster paybacks. Given that this boder 15 only
ed daring the “wanter™ operating season, 1 is anticipated that simple paybacks on this ES0 anll

e 1-2 weavs

ext Actiore Towards Inplementation

laxt perscrmel should work wath their remtal boiler conparny to come up with a possible
tation on adding a modalar feedwater ecomonuzer in the flue gas stack of the boder
dditionally, they should mvestizate the cost of adding an atomatic oorgen trm comtoller on

his boiler.

v' Each Energy Saving
Opportunity should be
described in detail:

* Background
* Exact Recommendation
* Estimated Savings

* Methodology for
Calculations of Savings

* Implementation Cost

* Methodology for
Calculations of
Implementation Cost

* Next steps towards
Implementation

Section_11 13
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> 13 GJ/ft2lyr
$500

124 GI/fftyr An Example of Savings
$2,000/yr Calculation Methodology

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment Section_11 14
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Conclusions
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Key Points / Action Items - Fundamentals

Use a Systems Approach to optimize steam
systems

. There are four major areas of a steam system —
Generation, Distribution, End-Use & Recovery

3. An understanding of the laws of thermodynamics, heat
transfer, fluid flow and steam properties is required for a
steam system analysis

4. Use a systematic approach (gap analysis,
comparison to BestPractices) to identify
potential energy saving opportunities that
may exist in steam systems

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment Section_11_16
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Key Points / Action Items — Boiler Efficiency

1. Determine boller plant operating cost
2. Determine unit cost of steam generation
3. Determine boller operating efficiency

n . msteam (hsteam o hfeedwater)
boiler
m;,, HHV

x100

fuel

4. There are three major losses in steam
generation — shell loss, blowdown
loss and stack loss

Mooiler = 100- ﬂ“shell o ;z'blowdown o ﬂ‘stack o ﬂ“other

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment Section_11_17
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Key Points / Action Items — Shell Loss

1. Search for “hot spots”
2. Measure boiler surface temperatures
* |Infrared thermography

* Typical surface temperature should
range between 55°C and 70°C

3. Repair refractory
Monitor surface cladding integrity

5. Reduced boller load can present an
opportunity

* Minimize number of operating boilers

>

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment Section_11 18
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Key Points / Action Items — Blowdown Loss

1. Estimate amount of blowdown using boiler
and feedwater conductivities

2. Quantify the boiler and system-level
energy loss due to blowdown

3. Evaluate installation of an automatic
blowdown controller

4. Evaluate and install flash steam and
heat recovery equipment

5. Work closely with plant’s water chemists
to maintain and manage appropriate
blowdown

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment Section_11 19



GER

N
\
UNIDO PARTNER FOR PROSPERITY

N 4
S

Key Points / Action Items — Stack Loss

1. Monitor and record flue gas temperature with
respect to:

* Boller load
°* Ambient temperature
* Flue gas oxygen content

2. Compare flue gas temperature to previous,
similar operating conditions

3. Maintain appropriate fire-side cleaning
4. Maintain appropriate water chemistry

5. Evaluate heat recovery component savings
potential

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment Section_11 20
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Key Points / Action Items — Stack Loss

1. Combustion management principles:
* Add enough oxygen to react all of the fuel
* Minimize the amount of extra air
* Monitor combustibles to identify problems

2. Measure the oxygen content of boiler exhaust gas

3. Control oxygen content within a minimum and
maximum range

* Continuous - automatic O, trim control
* Positioning control
4. Challenge the control range
* Control upgrade
* Combustion tuning

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment Section_11 21
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Key Points / Action Items — Boiler Plant
Optimization
1. Use a steam system model based on the laws
of thermodynamics to quantify energy and
cost savings opportunities

2. Fuel switching and boliler plant operations are
excellent areas for optimization of steam systems —
significant cost savings can be realized by applying
optimal operating strategies

3. Each application will need an
iIndependent evaluation — there are NO

thumb rules!

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment Section_11_22
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Key Points / Action Items — Leaks

1. Steam leaks occur in all plants and a
continuous improvement type steam

leak management program should be
Implemented in industrial plants

2. An “order of magnitude” steam loss
estimate can provide enough
iInformation to determine if the repair
must be made immediately, during a
future shutdown, or online

Poverty Reduction through Productive Activities ¢

Trade Capacity Building ¢ Energy and Environmen
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Key Points / Action Items - Insulation

1. There are several reasons for damaged or
missing insulation

2. These areas result in significant energy
losses and a continuous improvement type
Insulation appraisal (audit) program should
be implemented in industrial plants

3. Some basic instruments, heat transfer
models and process data are required to T;
guantify the economic impact of missing
or damaged insulation

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment Section_11 24
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Key Points / Action Items — End Use

1. There are several end-uses of steam In
iIndustrial plants

2. Do a steam end-use balance in an
iIndustrial plant and identify the largest
steam end-users in a plant

3. Reduce steam end-use by
« Improving the efficiency of the process

« Shifting steam demand to a waste heat

source or lower pressure steam available in
the plant

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment Section_11 25
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Key Points / Action Items — Heat Exchangers

1. Heat exchangers have a 15t Law
efficiency of ~100%

2. Heat exchanger InEffectiveness leads
to significant system level energy loss

3. Monitor and trend heat exchanger
effectiveness by measuring inlet and
outlet temperatures and calculating
U-values

4. Clean heat exchangers on a periodic
basis to minimize fouling build-up

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment Section_11 26
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Key Points / Action Items — Process/Utility
Integration

1. Upgrade low pressure (or waste)
steam to supply process demands

2. Several plants need heating and
cooling for process

3. Process integration can lead to
significant energy savings
opportunities and plant optimization

4. These opportunities will need
significantly higher amounts of due-

diligence

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment Section_11_27



Key Points / Action Items — Steam Traps

1. There are different kinds of steam traps and
hence, functionality and principles of operation
must be understood

2. Major steam trap failure modes - open / closed

An effective steam trap management
program must be in place

There are several commercially available
tools for steam trap investigations

Conduct a steam trap audit at least once a
year and repair/replace defective traps

Steam trap manufacturers are a valuable
resource

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment Section_11 28
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Key Points / Action Items — Condensate Recovery
1. Returning condensate

* Reduces energy

* Reduces make-up water

* Reduces chemicals for water treatment

°* Reduces quenching water

* May reduce blowdown

Condensate recovery is often neglected but it
can provide significant energy savings

Quantify the amount of condensate being
recovered in a plant using a simple mass
balance on the entire steam system

|dentify potential areas of condensate recovery

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment Section_11 29
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Key Points / Action Items — Backpressure Turbines

1. Backpressure turbines are used instead of
pressure letdown stations

2. Turbine efficiency is NOT 15t law efficiency
but a comparison of actual turbine versus
an ideal turbine

3. Continuous operations with a simultaneous
thermal and electric demand are good
candidates for backpressure turbines

4. Each facility analysis is unique and will
depend on several economic as well as
operating factors

5. Turbine analysis will need a solid
thermodynamic steam system model

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment Section_11 30
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Key Points / Action Items — Condensing Turbines

1. Condensing turbines are used strictly for
power generation or driving large
mechanical equipment

2. They serve niche applications in the
Industry

3. Condensing turbines provide maximum
shaft power per unit of steam flow

4. Each facility analysis is unique and will
depend on several economic as well as
operating factors

5. Turbine analysis will need a solid
thermodynamic steam system model

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment Section_11 31



PARTNER FOR PROSPERITY

Tools & Resources

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment Section_11 32



R\

UNIDO PARTNER FOR PROSPERITY

Tools

v In order to properly evaluate steam systems the physics of
each process must be understood
* Thermodynamics
* Heat transfer
* Fluid flow

v US DOE Tools Suite

e Steam System Survey Guide

e Steam System Scoping Tool (SSST)

* Steam System Assessment Tool (SSAT)
* [Insulation evaluation software — 3E-Plus

v' Several other commercially available software tools for steam
systems

v Process measurements

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment Section_11 33



|[Rl=

i File Edit View Favorites Tools Help

* & [@]|O e

U.S. DEPARTMENT OF

ENERGY

BestPractices Home
About BestPractices

Resources
Software Tools
Publications
Training
Databases
Qualified Specialists
Ways to Save Energy
EERE Information Center

Opportunities

For Corporate Executive
For Plant Management
For Technical

For General Public

BestPractices

. | @1TP BestPractices: S...

Energy Efficiency &
Renewable Energy

Industrial Technologies Program

About the Program | Program Areas

Software Tools

The Industrial Technologies Program
(ITP) offers a collection of

free software tools to help you identify
and analyze energy system savings

Software Tool Updates
The following software tools have
been updated as of Sept. 21, 2010:

opportunities in your plant or i
facility. Learn more and the

. Version 4.01.01

tools to assess the energy situation at
your plant and improve the efficiency
of your motor-driven, process heating,
and steam systems, as well as data
centers.

ITP also offers related training to help

.
Version 1.1
View the interactive diagram of plant

energy flow and related ITP
assessment software tools.

plant personnel increase their

on energy mar and take full

advantage of opportunities identified in the software programs.

For assistance with software tools, contact the EERE Information Center or call
1-877-337-3463. Please see the notice before downloading any of these tools.

ITP tools include:

Plant-wide
» Industrial Facilities Tool Suite
* Quick Plant Energy
Profiler/Integrated Tool Suite

Steam

¢ Steam System Tool Suite

Process Heating

* Combined Heat and Power

i Links >

#hPrint - [rPage v (BTaoks v

EERE Information Center
Programs and Offices

= EVENTS
Advanced Management of
Compressed Air (Level 2) »
November 8-9, 2010
Specialist Qualification: Fan
Systems »
November 8-10, 2010

More Events »

® FEATURES

Energy and .
Carbon Footprints

How's Your ESP?
Open Online ESP Quiz b ﬁ

@ Internet #®100% -

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment

US DOE website -http://wwwl.eere.energy.gov/industry/bestpractices/software.htmi
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Technical Publications & Resources

=

G\’;j’f - ‘& hittp: v Leere.energy . govfindustry bestpractices foublications. asp

|E| \E| |YahDD! Search

Filz Edit Wiew Favorites Took Help

W oo [88]' ]O (0 unread) Yahoo! Mail,... l@ ITF BestPractices: Pu,., X I I

U.S. DEPARTMENT OF

ENERGY

S Home - Feeds (I3 = Print + |52 Page > {3 Tools «

Energy Efficiency &
Renewable Energy

Industrial Technologies Program

About the Program | Program Areas | Information Resources | Financial Opportunities | Technologies
— ]

BestPractices

BestPractices Home
About BestPractices

Resources
Software Tools
Publications
- Energy Matters
- Technical Publications
- Case Studies
Training
Databases
Gualified Specialists
Ways to Save Energy
EERE Information Center

Opportunities

For Corporate Executive
For Plant Management
For Technical

For General Public

http://www1.eere.energy.gov/industry/bestpractices/publications.asp

Poverty Reduction thr

\ﬂ%ﬁ : i

=) Printable Version | EERE Information Center

- . P d Offi
Publications rograms and Offices

Whether you're looking for information on how to recover waste heat from your
steam system or wondering about the market potential of efficient motors,
the Industrial Technologies Program (ITP) has the publication for you.

|ENERGY MATTERS B m FEATURES

Information and Energy=
Solutions for Industry

Visit ITP's Publication and Product Library and access hundreds of information
products on industrial technologies—brochures, success stories, roadmaps, and tip
sheets, among many others. You can search by program area or product category,
alphabetically or by key word. You can view, download, or order most of the
documents listed in the catalog.

* Energy Matters
ITP's quarterly newsletter, Energy Matters, provides in-depth articles on information of interest to our partners
that will help industry professionals save energy, reduce costs, and increase productivity. More

Technical Publications

These technical fact and tip sheets, industrial energyefficiency sourcebooks, repair manuals, and market
assessments provide the information you need to increase facility energy efficiency, assess the performance of
key systems, and understand the market for industrial equipment and energy efficiency services. More

Case Studies
ITP case studies describe successful company efforts to reduce energy costs and increase productivity across
the range of the nation's industries. More

=) Printable Version

Industrial Technologies Program Home | EERE Home | U.S. Department of Energy
Webmaster | Web Site Policies | Security & Privacy | USA.gov

Content Last Updated: 06/29/2010

gh Productive Activities e Trade Capacity Building ¢ Energy and Environment
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Steam System Survey Guide

Ok RIDGE ORNL/TM-2001/263
NATIONAL LABORATORY

v' Technical Guide G BT

v' Covers 5 Areas:
* Steam system profiling

* |dentifying steam
prOpertieS Greg Harrell, Ph.D., P.E.

* Improving boiler
operations

* Improving resource
utilization

° Improving steam
distribution

Steam System Survey Guide

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment Section_11 36



v" Includes Three Main
Sections:

Steam System Basics

Performance Improvement
Opportunities

Programs, Contacts, and
Resources

Poverty Reduction through Productive Activities ¢

Trade Capacity Building

Energy and Environment
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Steam Ener

v’ 1- Page Tips For Improving Steam
System Areas

v" Available On BestPractices Web
Site and in Steam Sourcebook

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment

y Tips

Energy Tips

Life and Cost of
Backpressure
Turbogenarators
Turhagenuraices with ekctrial
ar cost about 700/ 3Y
for a 5 KW systor o kess than
S2007 KW for 8 2000 KW systom.
Irstal lation cost varies, but
uplmﬂ_vamngm?swmmﬂ
S
e ckprrossne st urbines ary
fiera 2ilyoar minim
sorvics Jto and anv known fur
neoting low mainteranc.

Suggested Actions

Cinsicer neplacing PRY's with

‘backproesure turbopmenaton

whum w erilers ar 1f

symur haller aperatis at a prossne

uf 150 petg or greator

+ Devidipa current stiem helines
and aetual procoss prossure
aquimmenks for pour plant.

» Thovdep steam Fenw/duration
cunves firr cech PRY staticn.

» Ditermine plant decirtaty, fual
sust, and nperating voltage.

# Constder aither oue contraltzod

ngwmw;:w:nrr]g:":plv

Replace Pressure-Reducing Valves
with Backpressure Turbogenerators

Many trelustnal fectittes procuce sheam at a Righer prossune than is demandud by process
Tequircrents. Stuarn peesos through pressi e-red uctng valves (FEVe, also knmwn o lotdown
wahvesh at varous focattons in the ssam sistribution system b0 ket down or neduce i pressun,
A non-sandensing or backpressure sam turbine can perform the same pressurereducng
furctinn aza PRV, while comverting steam onorgy into ckectrical enorgy

In o b ceprossane stowm turbogurenstor, shaft power is produced whin 2 neey dins jos of
high.pressure stoam aguirst the blados of the furbind's roeur. Thw reéor s atbached bo a shaft
that is conpled toan eloctrical gonorator. The seam turbine docs not coneume sam. It simply
ocisces th prossune of th st that ls subsequently ediausto it tho process heackr:

Cost-Effactive Power Genaration

Inva comventinnal, powernnly stuam turbine irstallation, designens tncase efficeney by
maimizing the pressure d wp across the turbine. Modem Rankine-cyde power plantswith
1,808 petg superheatu stearn bol d eondensing trbirs At nar-vasuum
pressttes can gonerate ekectricity with efficiendes of approstrmataly 4 poreent.

Mlast sbeam users dopet have the benefit of ulira-high-presure bollers and cannct adyove
such high levels of grnerstion efftcency. Hmsever, by epdacing a PRV wth @ badkpressurs
steam turhing, where th erhaust steam 15 provided toa plart process, eoergy inthe Infe
steam can be effectively removed and converted info eloctricty This maans the odwust
stoam hes o Jovwer tomperatuns than it would bave f ts prossure wos roduced through 2 TRY.
v oecder tovmake up for this hoat less, steam plants vweh backpressure turbine stallations
tnervase thetr botker stuarm thmughpa.

Tharmadynamially, the steam turbtne sitl] behaves tha same way a5 it would ina
aonventtenal Kankine power g, achteving tsentnopic offictencies of 20 to 70 peroant.
Feoromically, howeser, the turbing ggner.lle:ﬁfuwural thw cffitency of yourstuem bolker
[medorn stoum hlers oparan o apprdmabely 50 percent offictoncy], whidh then must be
replaend with an equivalent kWh of heat for downstroam surpuwu.Thn resulting ponwar
pereration ef ficiences are will In excess of Hie average US. ehcricky grid skemmtlns
ftctuncy of 33 porcert. Greater effichncy means ke fud comsumptian; backprassirs
fuarbiries can procitsce power at costs that ane often ss thar 3 cents, Kih, Enonry savings
an often sufficient o mm pletely moover the cost of the tnitial capttal ool inless than
Iymm

Applicability

Packaged or “offtheshelf” hackpressure turboganiratiors are none svallable in rattrygs s bow
= 5 B Hackpwumtnrhqam!rarus should ha eonstcered whan a PRV has constant
stvarn flowsof o keast 300 The/ b and whan the s#ml{u'mswm dmﬁls at Teast 156 pal,
Thwe backpressure turbine s geocrally istatied 10 paralicd with the FEV.

Estimating Your Savings

Too makuea preliminary estienate of the aost of producing decirieal erengy froem 2 back.
presstine steam turie, divide yaor batker fal oot (n S/ MMB by vour botler effticen o
Thwen conwvere the neultirg number into aost per KWh, as shawn in the sample caloulation on
the nest page.
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US DOE Tip Sheets

Benchmark the Fuel Cost of Steam Generation
Clean Boiler Water-side Heat Transfer Surfaces
Consider Installing a Condensing Economizer

Consider Installing High-Pressure Boilers with
Backpressure Turbine-Generators

Consider Installing Turbulators on Two- and Three-Pass
Firetube Boilers

Consider Steam Turbine Drives for Rotating Equipment

Considerations When Selecting a Condensing
Economizer

Cover Heated, Open Vessels
Deaerators in Industrial Steam Systems

Flash High-Pressure Condensate to Regenerate Low-
Pressure Steam

Inspect and Repair Steam Traps
Install an Automatic Blowdown Control System
Install Removable Insulation on Valves and Fittings

Insulate Steam Distribution and Condensate Return
Lines

Poverty Reduction through Productive Activities ¢ Trade Capacity Building ¢ Energy and Environment
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Improve Your Boiler's Combustion Efficiency
Minimize Boiler Blowdown

Minimize Boiler Short Cycling Losses
Recover Heat from Boiler Blowdown

Replace Pressure-Reducing Valves with Backpressure
Turbogenerators

Return Condensate to the Boiler
Upgrade Boilers with Energy-Efficient Burners
Use Feedwater Economizers for Waste Heat Recovery

Use Low Grade Waste Steam to Power Absorption
Chillers

Use Steam Jet Ejectors or Thermocompressors to Reduce
Venting of Low-Pressure Steam

Use Vapor Recompression to Recover Low-Pressure
Waste Steam

Use a Vent Condenser to Recover Flash Steam Energy
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US DOE Technical Documents

v" Improving Steam System Performance: A v BestPractices Steam Technical Brief: Industrial
Sourcebook for Industry Steam System Process-Control Schemes

v" Achieve Steam System Excellence: Industrial v' Guide to Combined Heat and Power Systems for
Technologies Program BestPractices Steam Boiler Owners and Operators

<\

Overview Fact Sheet Guide to Low-Emission Boiler and Combustion
v" BestPractices Steam Technical Brief: Steam Equipment Selection
Pressure Reduction-Opportunities and Issues Review of Orifice Plate Steam Traps

v' BestPractices Steam Technical Brief: How to Save Energy Now in Your Steam Systems

Calculate _the True Cost of S_team | | Steam Digest: Volume IV (2003)
v BestPractices Steam Technical Brief: Industrial .
Steam Digest 2002

Heat Pumps for Steam and Fuel Savings _
Steam Digest 2001

v' BestPractices Steam Technical Brief: Industrial o
Steam System Heat-Transfer Solutions Steam Systems Energy Efficiency Handbook
Steam Systems Survey Guide
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Course Evaluation & Feedback

Your input is greatly appreciated and it will be
acted upon to refine this training program as well
as better provide further complementary technical
assistance to be offered by the UNIDO project to

Egyptian Engineers and Enterprises

THANK YOU |
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