
2019 Singapore Energy Efficiency Symposium

15th October 2019

Presentation 3
Steam System Optimization Program for 

Reducing CO2 Emissions and

Improving Safety, Reliability and Profitability

Tetsuya Mita
Principal Consulting Engineer & General Manager

Alan Hou
Senior Consulting Engineer & Manager

1



2019 Singapore Energy Efficiency Symposium

Do you love

Steam

?
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⚫ Hot, Pressurized, Dangerous

⚫ Difficult to Understand

⚫ Troublesome, Creates Problems

⚫ Steamy like a Hot Spring

⚫ Energy Loss

⚫ I Don’t Care

⚫ I Hate it

Do you love steam?

Customers Answer:

Copyright 2019 by TLV
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A Steam Specialist Company

Copyright 2019 by TLV
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Typical Scenes from a Steam Plant

Copyright 2019 by TLV
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Peace of Mind
Copyright 2019 by TLV
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（established in 1950 in Kakogawa, Japan）Introduction
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100 % 

Customer Satisfaction
Providing “SOLUTION”

Consulting & Engineering Service

Quality First =

Incomparable 
Originality =

Patent

Trouble Less Valve

ISO 9001 : acquired – 1991

ISO14001： acquired – 1997

ASME N ： acquired – 2010

Patent held by TLV

1,387 (as of April 2019)

Copyright 2019 by TLV
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Build a Low Carbon Society

and Create “Peace of Mind” in plants through

SteamWorld®

which Improves Safety, Reliability & Profitability
by Continuously Optimizing Performance of 

the Entire Steam System through Visualization based on
“Condition Monitoring and Timely Consulting & Engineering Services”
to Minimize Condensate Problems, Energy Losses and CO2 Emissions

A Sustainable Asset Management Program

MISSION is to Help

Steam System Optimization Program

®

10
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450,000

Achieved a cost reduction of 100.5 mil. SGD/y

SSOP Results
(188 Plants in Japan)

395
Steam Loss Reduction

t/hApprox.

CO2 Emissions
Reduction

t/yearApprox.

As of April 30th 2019

Equivalent to 0.8 % of CO2 reduction target for 2020 (vs 2005)
2005：1.397 billion t-CO2/y

Copyright 2019 by TLV
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450,000 t-CO2/year = CO2 absorbed by 511.36 km² forests

Universal Studios Singapore

2579 plots

Singapore

70% area
12
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Energy & Steam in Refining / Petrochemical

• In 2018, 89.1% of natural gas and 42.5% of electricity consumed by industrial sector in Singapore

• Within industrial sector, 76% of Primary Energy Use by Refining & Petrochemical (Chemical) Industry

Chemicals

Petroleum Refining

Semiconductor

Precision Engineering

Food and Beverage

Marine & Offshore

Pharmaceutical

Printing

Medical

Other

Industrial Energy Efficiency Technology Roadmap, NCCS, 2016

Primary Energy Use 

by Subsector Chemicals, 42%
(Petrochemicals, Specialty)

Petroleum

Refining, 34%

13
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Energy & Steam in Refining / Petrochemical

• Refinery: ~28% of primary energy as steam

• Chemical: ~44% of primary energy as steam

Direct Fuel 
Use
58%

Steam 
Generation

28%

Electricity 
Generation

14%

Direct 
Fuel Use

14%

Steam 
Generation

44%Electricity 
Generation

42%

US Energy Information Administration, Manufacturing Energy Consumption Survey, 2012

66%

16%

10%
8%

67%
10%

8%

15%

Process 

Heating

Machine 

Drive

Other 

Processes

Others
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Energy & Steam in Refining / Petrochemical

Boiler

Generator 

Turbine

Compressor 

Turbine

Reboiler

Steam 

Tracing

Steam Distribution

Condensate Recovery

Steam-Using Equipment:

50 ~ 400

Steam Traps:

500 ~ 10,000

Steam Mains:

5 ~ 20 km

15
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Energy & Steam in Refining / Petrochemical

Copyright 2019 by TLV
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Energy & Steam in Refining / Petrochemical

Condensate-induced Water Hammer

Internal damage to steam turbine

Impairment of steam ejector 

vacuum performance

Nihon Keizai Shinbun, 1999

2 Fatalities, 

5 Injured 

from Steam 

Pipe Rupture

UK HSE, Major Incident Investigation Report, BP Grangemouth Scotland, 2003

18” MP Steam 

Pipe Rupture
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Steam System Optimization Program

®

Copyright 2019 by TLV
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Phases of Steam System Optimization

Optimize Condensate Discharge Locations (Steam Traps etc.)

Optimize Steam Applications

Optimize Steam System Balance

20
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Optimize Condensate Discharge Locations (Steam Traps etc.)

Optimize Steam Applications

Optimize Steam System Balance

Phase 1: Condensate Discharge Locations

21
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Phase 1: Condensate Discharge Locations

Role of a Steam Trap (Checkpoint)

22
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Phase 1: Condensate Discharge Locations

Benchmarking Steam Trap Failure States:
48 Japan Refineries & Petrochemical Plants

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

50%
Current State Reduction since Initial Survey

Failure
State

Plants 23
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Technology Base for CDL Optimization

Life Cycle Cost Focused Products

TLV TrapMan-Pro Inspection Tool & Methodology

CDL Survey: BPSTM®

24
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2009 Grand Prize for Excellence 

in Energy Efficiency and Conservation*

Realized Energy Savings:

Reduction in Steam Losses from 100,000 Traps at 7 Refineries

Performance Gains by BPSTM Program Recipients:

* 2009 Energy Conservation Grand Prize received by TLV conjointly with Nippon Petroleum Refining Company

* Assuming fuel cost of 580 US$ /KL

US$ 10 million /year *

Phase 1: Condensate Discharge Locations

37 t/h of Steam Loss Reduction
(46,000 t-CO2/y equivalent) 25
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Total Plant Steam Generation : ~ 760 t/h

Final Flowmeter-verified Measurement : 19 t/h (2.5% of total) Reduction

Phase 1: Condensate Discharge Locations

Verification of Implementation Results for 1 of the 7 refineries:

26
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Phase 1: Condensate Discharge Locations

Flare

Assist

Steam

Erosion of flare tip

Flare Steam Reliability Impact

“Raining” condensate 
during flaring events

27
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UK HSE, Major Incident Investigation Report, BP Grangemouth Scotland, 2003

Phase 1: Condensate Discharge Locations

Condensate-Induced Water Hammer

Investigation Report:

…isolation of the last remaining 

functional steam trap… immediate 

cause of the catastrophic failure was 

“condensation induced water hammer”

28
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Optimize Condensate Discharge Locations (Steam Traps etc.)

Optimize Steam Applications

Optimize Steam System Balance

Phase 2: Steam Applications

29
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Phase 2: Steam Applications

Desulfurization

Unit

Potential to recover more heat 

from hot process stream

Surveyed Situation

Increased steam flow from steam generator, without additional costs (400 kg/h, US$35K/yr)

Process：180oC

Steam 

Generator

0.33 MPaG

4 t/h
PIC

0.40 MPaG

CW

20%

“Quick Hit” Opportunity at Steam Generator

※Figures shown are for illustration purposes only and differ from actual proposals due to TLV non-disclosure agreements

Opportunity

Increased steam generation by 

optimizing set point

Process：180oC

Steam 

Generator

0.33 MPaG

4.4 t/h
PIC

0.37 MPaG

CW

25%

30
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Phase 2: Steam Applications

For BFW

8 barG

2 t/h

2.5barG

800 kg/h

Area A

~20 metres apart

Venting Steam from Condensate Tank

※Figures shown are for illustration purposes only and differ from actual proposals due to TLV non-disclosure agreements

Surveyed Situation

Flash steam recovered, generating savings of approx. US$100,000/y 

Area B

Opportunity

For BFW

8 barG

1.4 t/h

2.5barG

Area A

~20 metres apart

Area B

620 kg/h

31
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Field Assessment

Phase 2: Steam Applications

Survey Implementation in 3 ~ 4 weeks

Consultation Meeting Analysis & Report

32
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Phase 3: Steam System Balance

Optimize Condensate Discharge Locations (Steam Traps etc.)

Optimize Steam Applications

Optimize Steam System Balance

33
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Phase 3: Steam System Balance

Overall

Steam Balance

Condensing turbine on medium 

pressure steam

Reduced boiler steam generation by optimizing steam header pressure

(800 kg/h, US$100K/yr)

1.3 MPaG

6.0 MPaG

USER

USER

0.2 MPaG

WHB

※Figures shown are for illustration purposes only and differ from actual proposals due to TLV non-disclosure agreements

Steam Header Pressure Optimization

Surveyed Situation

Increase medium pressure steam by 

0.05 MPa

1.35 MPaG

6.0 MPaG

USER

USER

0.2 MPaG

WHB

- 800 kg/h
Power 

demerit

250 kW

Opportunity

34
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2011 Energy Efficiency Award 

by American Chemistry Council*

Reduction in Steam Loss at 1 Refinery and 1 Chemical Plant

* Provided to survey recipient only. TLV was identified

as provider of the survey to achieve reported gains.

Energy Saving Opportunities: US$ 12 million /year 

Link to Public Domain Report: http://ietc.tamu.edu/wp-content/uploads/2012/07/2012Presentations.pdf

Performance Gains by CES Survey Recipients:

Phase 3: Steam System Balance

“ … capturing an initial $2.5M in energy savings within 2011 … ”
35
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Steam System Optimization: New Developments

Copyright 2019 by TLV
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Typical Problem & Countermeasure

Heavy Oil, etc.

Abnormality occurs

Immediately
go to the site

Steam Trap

Alarm

Control Room

Steam Trap

Confirm
Situation

Steam 
Blowdown

Trap Failure

Product Temp. Decreases

Instrument Malfunction

37
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Advance Warning

Heavy Oil, etc.

Immediately 
go to the plant

Take proper 
action

Support by technicians

Monitoring Sensors

Control Room

iBPSSM.net® Trap Abnormality

Trap Failure
Steam Trap

Steam Trap

38
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Advance Warning & Predictive Maintenance

Heavy Oil, etc.

Control Room

Immediately 
go to the plant

Take proper 
action

Support by technicians

iBPSSM.net®

Install the SensorTrap Failure
Steam Trap

Steam Trap

Trap AbnormalityPredict Failures

Trend 
Analysis

Predictive 
Maintenance

Prior Action

39
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1.2M

(sat. temp = 192oC)

192oC

0.2M

PT-007

Turbine

Temp. Adj. Type

• Turbine inlet steam is at saturated temperature

• Significant condensate flow from inlet steam trap bypass → turbine inlet steam is wet

• Temp. adj. steam traps used → condensate backup

• History of erosion at governor valve, caused by condensate, leading to external leaks

• Currently massive leak from governor valve

Condensate flowing

Steam System Risk Mitigation
Refinery Case Study:

FCC – Main Column Bottom Pump

※Figures shown are for illustration purposes only and differ from actual proposals due to TLV non-disclosure agreements
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Probability of Failure

Consequence of Failure ($)

Equipment Generic Failure 

Frequency, Operating 

Conditions etc.

Time-based Probability

Production Loss, Component Damage, 

Injury Cost, Steam Loss etc.

Refinery Case Study:

FCC – Main Column Bottom Pump

Based on RBI concepts of API 580/581,

World’s First Risk Assessment Methodology for
Steam System Assets

Steam System Risk Mitigation

※Figures shown are for illustration purposes only and differ from actual proposals due to TLV non-disclosure agreements

PT-007 Turbine

41
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1.2M0.2M

PT-007

Turbine

Separator

Continuous

Discharge

• To prevent erosion and condensate ingress leading 

to turbine damage or trip:

• Install separator on inlet steam line to ensure dry 

steam supply

• Use continuous discharge type steam traps around 

steam turbine

Quantitative Risk Reduction to 

Prioritize & Justify Projects

5 Year Risk Reduction: $234,000

Refinery Case Study:

FCC – Main Column Bottom Pump

Steam System Risk Mitigation

※Figures shown are for illustration purposes only and differ from actual proposals due to TLV non-disclosure agreements
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Steam & Utilities Monitoring

Live Graph Diagram Analysis Alerts Settings

Electricity Gas Water Steam Air

Alerts

Today

Weekly

Consumption Rate TrendMonthly Consumption 
Rate vs. previous year

Yearly Consumption 
Rate vs. previous year

Today

Live

Graph Diagram AnalysisLive Alerts Settings

EcoBrowser example screens from TLV Japan, Kakogawa plant

“ If You Can’t Measure It,

You Can’t Improve It ”

Condition Monitoring for effective 
Asset Management

43
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SSOP® Workshop

Will SSOP® really bring benefits?

Copyright 2019 by TLV
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— Defining the Steam System as an “Asset” —

 Realizing a Low-Carbon Society 

Steam System Optimization Program

®

Copyright 2019 by TLV
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