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Key Points / Action Items - Fundamentals

1. Use a Systems Approach to optimize steam
systems

2. 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
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Key Points / Action Items — Boller Efficiency
1. Determine boliler plant operating cost

2. Determine unit cost of steam generation

3. Determine boiler operating efficiency

m h,..—h
77b0i|er _ steam ( stez:ilnHeredwater)xloO
mfuel

fuel

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

stack loss

Thooiter = 100— ﬂ“shell o ;I'blowdown_ ﬂ“stack o /lother

UNIDO 2012, all rights reserved



Key Points / Action Items — Shell Loss

1. Search for “hot spots”

2. Measure boller surface temperatures
» Infrared thermography

» Typical surface temperature should range between
55Cand 70 C

3. Repair refractory

Monitor surface cladding integrity

5. Reduced boiler load can present an
opportunity

» Minimize number of operating boilers

UNIDO 2012, all rights reserved
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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
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Key Points / Action Items — Stack Loss

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

» Boiler load
» Ambient temperature
» Flue gas oxygen content

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

3. Maintain appropriate fire-side cleaning

Maintain appropriate water chemistry

5. Evaluate heat recovery component savings
potential

UNIDO 2012, all rights reserved



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
UNIDO 2012, all rights reserved
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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 boller 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 independent
evaluation — there are NO thumb rules!
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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 information to determine if the repair

must be made immediately, during a future shutdown,
or online

UNIDO 2012, all rights reserved
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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 quantify the
economic impact of missing or damaged
Insulation
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Key Points / Action Items — End Use

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

2. Do a steam end-use balance in an industrial

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

UNIDO 2012, all rights reserved
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Key Points / Action Items — Heat Exchangers

1. Heat exchangers have a 1st 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

UNIDO 2012, all rights reserved
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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

UNIDO 2012, all rights reserved
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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

3. An effective steam trap management
program must be in place

4. There are several commercially available
tools for steam trap investigations

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

6. Steam trap manufacturers are a valuable
resource

UNIDO 2012, all rights reserved
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Key Points / Action Items — Condensate Recovery

vV V V V
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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 It
recovered in a plant using a simple mass
balance on the entire steam system

|dentify potential areas of condensate recovery
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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 unigue and will
depend on several economic as well as
operating factors

5. Turbine analysis will need a solid

NCTOUVIIAll Call I TTHOUC
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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

UNIDO 2012, all rights reserved
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Tools

» In order to properly evaluate steam systems the physics of each
process must be understood

« Thermodynamics
+ Heat transfer
*  Fluid flow

» US DOE Tools Suite
- Steam System Survey Guide
« Steam System Scoping Tool (SSST)
- Steam System Assessment Tool (SSAT)
* Insulation evaluation software — 3E-Plus
» Several other commercially available software tools for steam systems

> Process measurements

UNIDO 2012, all rights reserved 20
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Steam System Survey Guide

> TeChr“CaI GUIde Oak RIDGE ORNL/TM-2001/263

NATIONAL LABORATORY

MANAGED BY UT-BATTELLE
FOR THE DEPARTMENT OF EMERGY

» Covers 5 Areas:

» Steam system
profiling

Steam System Survey Guide

* ldentifying steam
properties

Greg Harrell, Ph.D., P.E.
* Improving boiler
operations

+ Improving resource
utilization

* Improving steam
distribution

LIT-BATTELLE
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Steam System Sourcebook

> Includes Three Main Sections:

- Steam System Basics

- Performance Improvement
Opportunities

* Programs, Contacts, and
Resources

UNIDO 2012, all rights reserved
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Steam Energy Tips

» 1- Page Tips For Improving Steam

System Areas

> Avallable On BestPractices Web
Site and in Steam Sourcebook

Energy Tips

Life and Cost of
Backpressure
Turbogensrators
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Jorad minimum
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Suggested Actions
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of 150 peig ox greater

*# Dl 2 rremt st halanew
and eetual procoss
el wmerts for pour plant.

» Thovlop steam Flow,/ churation
curves for coch PRY statico.
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Replace Pressure-Reducing Valves
with Backpressure Turbogenerators

Many trohustrial fectlibes procuce steam at ¢ Higher prossure than is demandd by process
equirerments. Stwam pesE through prassn mmdnﬂnsvahﬂﬂ’lﬂl’a alsn knmam o letdown
wahves) at varows [ocations In the shem cistributton system o et dewn or ncduce I presun,
A nun-condensing or badipressure stoam turbtre can perform the same pressure-rodudng
function aza PRV, while comverting steam wnergy into vhedrical enorgy

In b dipressaane stoam turbogoncrator, shaft power is producd whin 2 needi dinecs jos of
high-pressure stoam agatrat the Blades of the turbine’s rotor. Thw rotor s attached ta ashaft
that tecoupled o an alectrical guneator, The seam turbine doss not aoesume stoam, [stmply
nuclisces thie prossaire of the stwam that 1s subsaquently echausted into the process header:

Cost-Effactive Power Genaration

Inva cnmventinnal, poer-nnky siwam turkine installation, destgnuns incrse efickoncy by
maimizing the pressura d oo acroes the turbine. Modem Rankinecyde power plantswith
1,800 petgg superheatud steamn botlers and cordensing turbines cchausting at nuar-vaouum
pressanes can generate ekectricty with efftckendes of approxtmately 4 percent.

Mhast sbeam users donot have the benefit of ultra-high-proessune botfers and annct advove
such high lovels of generation officiency: Fowsver, by wplacing a PRV with o backpressurs
staam turhing, where thi exhaust steam 15 providid to 2 plart process, energy inthe il
steam can b effictvely removed and converted info electricey: This means the oxbwust
stoam hs a kower temporature fhan it would bave df ts prossure was reduced through a TRY.
Iy coder tomaskn wp for this huat toss, steam planes s beckpressurc turbine tstallattons
tnerease thetr bolker stwam throughpt.

Tharmadynarmically, the staam turbtne sttl] behmes the same way as it wonld na
mnvunttonal Rankine peacer ycle, achieving tsentrepic offictencies of 20 to 70 percant
Ecoromically, however, m:turbmugenemle;?uwwal the cffidency ol your siam botler
fmodorn stoem bflers cparats ot appeostmatedy S0 percent effictocy), which then must be
replacud with an equivalant KWh of heat for dmwnstream {urprﬂn.Thn rusulting pewar
perneration cffictencios ane widll in excvss of e average U S ehticky grid gemrating
sffictunicy nf 33 porcorr. Greater efficiency means Joss Fud corsumptton; backprassune
turbdnes can procdoce power at costs that ame often Jess than 3 cents) KiVh, Enurgy savings
am often suffictent o oim pletely rocower thie cost of the inital capttal sutly in less than
Iy

Applicability

Packaged or “offtheshelf” hackpressure turboganertoes are now available i rtngs as ow
o 5 R, Tockpressu e turbogeneraters should be constchred whan a PRV has constant
stuarn flows.of o least 300 Thay'b; and whan tha stam pressure dp is ot least 100 pal.
The beckpressure turbine ts gencally installed i paralid with the PEY.

Estimating Your Savings

T make 2 preliminary esttrnate of tw cost of poducing dectrical coengy From a back-
pressumng seem turbne, divtde your botker fusl oost Gn 3 MMB) by vour betlor effteency
Then convert the neulting number tnbo oot per kKWh, as shown in the sumple amladiton on
thr nst page
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ERERGY EFFICIENEY AND RENEYYABLE ENERGY » L1 5. DEPARTIMENT QF ERERGY.




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

YV V V V

YV VYV VYV VY VYVYYVY
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US DOE Tip Sheets

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

YV VYV VYV VY VYVYYVY

Y VYV
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US DOE Technical Documents

» Improving Steam System Performance: A Sourcebook for Industry

» Achieve Steam System Excellence: Industrial Technologies Program
BestPractices Steam Overview Fact Sheet

> BestPractices Steam Technical Brief: Steam Pressure Reduction-
Opportunities and Issues

» BestPractices Steam Technical Brief: How to Calculate the True Cost of
Steam

» BestPractices Steam Technical Brief: Industrial Heat Pumps for Steam and
Fuel Savings

» BestPractices Steam Technical Brief: Industrial Steam System Heat-Transfer
Solutions
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US DOE Technical Documents

» BestPractices Steam Technical Brief: Industrial Steam System Process-
Control Schemes

A\

Guide to Combined Heat and Power Systems for Boiler Owners and
Operators

Guide to Low-Emission Boiler and Combustion Equipment Selection
Review of Orifice Plate Steam Traps

Save Energy Now in Your Steam Systems

Steam Digest: Volume IV (2003)

Steam Digest 2002

Steam Digest 2001

Steam Systems Energy Efficiency Handbook

vV V.V V V V V VY

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 tailor further complementary technical
assistance to be offered by the UNIDO project to
South African enterprises

THANK YOU'!
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