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Section 7: Steam System Optimization -

Distribution

Steam Leaks

Heat Transfer Loss Through Insulation
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Generic Steam System

Source: US DOE ITP Steam BestPractices Program

Distribution
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Steam Leaks

End-user quote – “Steam leaks are an essential 
component of my system, if I don’t hear or see 
them, I can’t tell if my steam system is operating!”
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Steam Leaks

 Steam leaks occur everywhere but most common are 
places such as:
• Flanges and gasketed joints

• Pipe fittings

• Valves, Stems and packings

• Steam traps

• Relief valves

• Pipe failures, etc.

 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

 Pipe failures (steam leaks) often present a ―safety issue‖ 
that demands immediate attention 
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Steam Leaks

Methods to determine economic impact of steam leaks

• Using SSAT based model

• Empirical and observation based – plume 

height

• Measurement and calculation based via 

choked flow equation – Napier’s equation 

• Field measurement with a pitot tube

• Ultrasonic technique, specific 

manufacturers’ instrument and protocol 

(standard) based

• Other system or equipment balance 

methodologies

Condensate leakage can be measured by stop watch 

and bucket methodology
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Steam Leaks

 Napier’s choked flow equation

 This equation is valid for

• Choked flow conditions: Exhaust pressure < 0.51*Psteam

• Coefficient of discharge = 0.6

• Aorifice is area of orifice (or leakage) in mm2

• Psteam is the steam pressure in bars (absolute)

 Steam Leakage cost can be determined by multiplying the 

leakage rate with unit steam cost

steamorificesteam PAm  695.0
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Example Steam System

Steam leak of ~4 mm diameter orifice was found on 

the 2 barg header. Estimate the steam leak cost.

Napier’s choked flow equation

Unit Steam Cost: EGP 197.42 per 1,000 kg

hrkgm

PAm

steam

steamorificesteam

/ 2.26356.12695.0

695.0





yrEGPCostLeak

mCostLeak steamsteam

/300,45
000,1

760,842.1972.26
 

 






 
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SSAT Project 17 Steam Leaks

Number of steam leaks estimated by SSAT model

• Assumes a steam leak maintenance program was 

completed 6 months ago

• Number of steam leaks are equal to 1% of the number of 

traps specified in the ―Quick Start‖ section

• Very gross savings estimate

New number of steam leaks input by User

• Gross savings estimate

 It is advised to use these methods for gross 

estimates ONLY
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SSAT Project 1 for Steam Leaks

Steam leak of ~4 mm diameter orifice was found on 

the 2 barg header. Estimate the steam leak cost.

Napier’s choked flow equation

Complete Project 1 – Steam Demand Savings on 

the respective header where the leaks were 

eliminated

hrkgm

PAm

steam

steamorificesteam

/ 2.26356.12695.0

695.0




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SSAT Project 1 for Steam Leaks

Annual Cost of this LP Steam leak: =   EGP 45,000/yr
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Key Points / Action Items 

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
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Steam System Insulation

 Why is insulation necessary on steam systems?
• Personnel safety – high temperatures

• Minimize energy losses

• Protection from ambient conditions

• Preserve system integrity

 Typical areas of insulation improvement opportunities 
• Distribution headers

• Inspection man-ways

• Valves

• Condensate return lines

• End-use equipment

• Storage tanks, vessels, etc.
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Steam System Insulation

 There are several reasons for 

damaged or missing insulation and 

hence, energy savings opportunities in 

the insulation area

• Missing insulation due to maintenance 

activities

• Missing / damaged insulation due to abuse

• Damaged insulation due to accidents

• Normal wear and tear of insulation due to 

ambient conditions

• Valves and other components not 

insulated
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Steam System Insulation

 Some basic instruments, software and basic data 

required to quantify the economic impact of insulation

• Infra-red thermography camera

• Infra-red temperature gun

• Measuring tape

• 3E Plus insulation evaluation software

• Operating information

 Hours per year

• Ambient conditions

 Temperature

 Wind
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Insulation Tool – 3EPlus

North American Insulation Manufacturers 

Association (NAIMA) developed 3EPlus -

determines optimum insulation thickness for a 

wide variety of insulating materials

Software outputs include:

• Surface heat transfer loss

• Insulation surface temperature

• Simple payback of an insulating project
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Insulation Evaluation Software 

 Free Program 
available from 
NAIMA

 Energy
• Heat Loss

• Cost Impact

 Environment

 Economic 
Insulation 
Thickness
• Life Cycle Cost 

Analysis

http://www.pipeinsulation.org/
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Example Steam System - Missing Insulation 

 A 10 m long section 

of 10 bar steam 

header is observed 

to be un-insulated

• 25.4 cm nominal 

diameter

• Steam temperature 

is ~362°C

 Estimate the 

economic 

insulation impact.

Source: US DOE ITP Steam BestPractices Program
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Insulation Evaluation
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Insulation Evaluation
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Insulation Evaluation

 

yr

EGP

Nm

EGP

yr

Nm
Savings

yr

Nm

kJ

Nm

yr

GJ
Fuelsaved

yr

GJ

yr

hr

hr

s

s

kJ
Fuelsaved

kWQsaved

600,16310.2895,77

895,77000,1000,1
144,40

1
127,3

127,3
817.0

1
760,8600,3 0.81

 0.81107.347449,8

3

3

33








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Equivalent Steam Demand 

Heat exchanger 

thermal load

Heated 

Material

Heat transfer loss from 

un-insulated pipe

The total thermal energy 

supply includes the heat 

exchanger load and the 

un-insulated pipe loadSteam Supply 
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Equivalent Steam Demand 

Heat exchanger 

thermal load

Heated 

Material

Heat transfer loss from 

un-insulated pipe

The total thermal load will 

decrease if the pipe is 

insulated—this will decrease the 

heat exchanger steam demand Steam Supply 
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Energy Loss Converted to Steam Loss

   

kW

m

Q

Q

LqQ

total

m
W

m
W

total

totallengthpertotal

0.81

107.347449,8












 If the energy impact is realized ―at steam cost‖: 
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Energy Loss Converted to Steam Loss

   

hr

kg

s

kg

steam

kg
kJ

kg
kJ

condensatesteam

total

steam

m

hh

Q
m

kW

5.121033.0

5.781181,3

0.81














Location Temperature Specific Enthalpy Quality Pressure Pressure

[°C] Volume [kJ/kg] [%] [bar(g)] [bar(a)]

[m³/kg]

Steam 362 0.26130 3,181.0 **** 10.00 11.01

Saturated vapor 184 0.17730 2,781.0 100.0 10.00 11.01

Saturated liquid 184 0.00113 781.5 0.0 10.00 11.01
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Energy Loss Converted to Steam Loss

 

yr
EGP

yr
hr

hr
EGP

steam

kg
tonne

tonne
EGP

hr

kg

steam

steamsteamsteam

xK

K

kmK

100,210876099.23

000,1

1
42.1975.121





















• SSAT steam demand project can also be utilized 

If the cost 
of steam is 
known 
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SSAT Project 1 for Insulation

Annual Cost of un-insulated surface heat loss:  = EGP 210,000/yr
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Insulation Evaluation 
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Insulation Evaluation 
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30

Common Insulation Issues

Missing insulation due to maintenance 

activities

Missing insulation due to abuse

Damaged insulation

Valves and other components not insulated
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Insulation Evaluation for Non-Cogeneration 

Systems 

 Steam systems providing thermal energy only (non-

cogeneration) the cost of steam is essentially the cost 

of fuel divided by boiler efficiency 

 3E-Plus can be used directly to calculate insulation 

savings for non-cogeneration systems 
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SSAT Project 18 - Insulation Loss

Do you wish to model the impact of improved insulation?

Note: Model will assume that heat losses are reduced to 10% of the current value by improving insulation

Currently modeled based on percentage heat loss on each header

Project 18 - Improved Insulation

No

Please DO NOT use this Project
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SSAT Project 18 - Insulation Loss

SSAT insulation calculation provides only a gross 

estimate for the impact of steam system insulation 

improvement

 It is based on reducing heat transfer loss by 90% 

compared to current ―base‖ case scenario

 3EPlus provides a very accurate methodology 

and should be used in conjunction with SSAT 

Project 1 – Steam Demand savings to determine 

the true impact of insulation improvement
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Key Points / Action Items 

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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Common BestPractices - Distribution

Repair steam leaks 

Minimize vented steam

Ensure that steam system piping, valves, fittings and 

vessels are well insulated

 Isolate steam from unused lines

Minimize flows through pressure reducing stations

Reduce pressure drop in headers

Drain condensate from steam headers

Source: US DOE BestPractices Steam System Sourcebook


