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The Evolution
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From Charles Parsons' invention in 1884 to today’s cutting-edge and efficient Arabelle Steam Turbines 

Technology has advanced remarkably

Power output has increased dramatically, from 7.5 KW to an impressive 1.75 GW



Market Size & Forecast
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• 2025 Market Size: USD 17 Billion

• 2030 Projected Market Size: USD 19.6 Billion

• Asia Pacific: Largest market

• Power& Utility is the largest end-use segment 

accounting for 87% of the total revenue.

Steam Turbine Market Size to Hit USD 21.67 Billion by 2034

https://www.precedenceresearch.com/steam-turbine-market


Design & Types
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Type Characteristic

By Design

1. Impulse High Steam Press & Low Flow – Press Drops in Stat Blades 

2. Reaction High Steam Press & Flow - Press Drops across all Blades –

Efficient

3. Impulse & Reaction Combination – Velocity/Pressure Compounding Or Both – Most 

common in larger turbines

4. Tandem Compound Multiple Stages/Cylinders – Inline Shafts – Same RPM (TBN to 

GEN)

5. Cross Compound Multiple Stages/Cylinders – Parallel Shafts – Multiple GENs –

Different RPM (Gear Box)

By Exhaust/

Process

1. Condensing Condenser at Exhaust – Significant Press Drop – Efficient – Widely 

Used in Power Plants

2. Non-Condensing Or Back 

Pressure

No Condenser at Exhaust – Positive Press at Exhaust – Industrial 

Applications 

3. Extraction Steam Extraction at Various Stages – Produce Electricity & Useful 

Thermal Energy



Basic Types
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Impulse Reaction

High Press/Low Flow Applications 

– Quick Start/Stop – Fewer Stages

High Press/High Flow Applications 

– Continuous Power Generation

Low Enthalpy. Better resistance to 

wet steam

Super Heated Steam – High load 

operation – Multiple stages

Overall Efficiency - Moderate Overall Efficiency - High

Geothermal Power plants-Process 

Industries (Pulp/Sugar/Paper) -

Marine

Large Power plants- Oil&Gas –

Support steam Extractions

• Shafts Inline

• Single 

Generator

• Same RPM

Tandem Compound

• Shafts In 

parallel

• Multiple 

Generators

• Different RPM

Cross Compound



Condensing Vs Non-Condensing/Back-Pressure
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Non-Condensing/Back Pressure Condensing

Exhaust steam at +ive pressure/higher temperature Exhaust Steam at  –ive pressure/lower temp (saturation)

Less efficient/Steam utilized for process Highly efficient/Better Heat Rate (kJ/kWh)

Chemical plants, pulp/paper mills, district heating 

systems/Combined Heat & Power (CHP)

Power generation , Base load operation



Cross Sectional View
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Components & Operation
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HP Diaphragms (Stationary) & HP Rotor
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HP Diaphragms – Stationary Blades

Diaphragms 

Installed

HP Rotor



Impulse Stage/Nozzle Block – Journals & Bearings
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HP Super Heated Steam 

Inlet - Impulse Stage/Nozzle 

Block (>550 Deg C & 90 bar)



Main Stop Valve (MSV) & Governing Valve (GV)
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MSV

• Hydraulically Operated (>100 bar)

• Spring Loaded/Open against 

Spring Force

• HP/SH Steam 1st Entry

• First Line of Safety

• Fail-Safe Operation

• Partial Stroke Testing (PST) & 

Frequency-Based Inspections

GV

• Hydraulically Operated (>100 bar) 

• Downstream of MSV

• Spring Loaded

• Critical to maintain FSNL

• Control/Regulate Steam Flow per 

Load Requirement

GVMSV



Operation of MSV & GV
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MSV GVStart Up Curve

Valve Transfer



HMI Graphic

© 2025 The Boiler Inspection and Insurance Company of Canada, part of HSB Group. All rights reserved.



Trip Logic – Protection & Alarms
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Turbine Trip System - Shutdown turbine if operates beyond allowable parameter. 

Solenoid valves hold trip oil pressure & de-energize to dump oil, causing quick closure of Main Stop Valves & 

Governing Valves. 

• ATT = Auto Trip Trigger (Receives signal from trip system and 

initiates trip action)

• EHC = Electro-Hydraulic Control (Main control system for the 

Valves). Uses electrical signals to hydraulically operate valves for 

different positions

• EHC is overridden during a trip, as the control oil drains, forcing 

valves to close (spring-loaded)



Case Study 
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• Combined Cycle Power Plant (850 MW)

• 200 MW Steam Turbine

• Impulse/Reaction - Tandem Compound

• 02 Cylinder HP/LP Condensing 

• In Service - At Base Load 

• Turbine Speed: 3000 RPM

• Main Steam pressure: 90 bar.a

• Main Steam Temperature: 565 °C

• Extraction Steam Pressure: 2.7 bar.a

• Extraction Steam Temperature: 138 °C

• Number of Extractions: 02

• HP Stages 22

• LP Stages 04

Oil Type – Quantity & Levels

Shell Turbo Oil T32 10,000 liters

RUN-DOWN LEVEL 

(R.D.L.)

+ 1020 mm           

(9150 litres)

MAXIMUM OPERATING LEVEL 

(M.O.L.)

+  850mm

(7650 litres)

MINIMUM OERATING LEVEL      

(m.O.L.)

+  800 mm

(7200 litres)

SUCTION LOSS LEVEL                

(S.L.L.)

+  300 mm

(2700 litres)



Lube Oil System - Schematic 
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Main Objective

• Bearings Lubrication & Cooling 

• Lifting (Jacking) of Rotor Shafts 

during  Turning Gear Operation

• Prevents Sludge, Rust and 

Corrosion  

• Governing/Hydraulic System 

Actuation



HMI Graphic
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Lube Oil System P&ID
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Lube Oil Tank
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Lube Oil System Accumulator
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Purpose

• Maintains Pressure during Power Loss or Trips

• Bridge Time Until Emergency Lube Oil Pump Starts

• Dampen Pressure Pulsations

• Compensate for Thermal Expansion or Volume Changes



Construction & Design
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Permit to Work Issued 

PM Activity to check Accumulator N2 Press 

Zero Press at Guage Technician opened top cap 

(Out of Scope in MS & JRA)

Oil Started Flowing Out Accumulator Iso V/v 

Passing

Technician  Pulled Out the Bladder In panic not 

knowing the consequences

Oil Released at Operating Pressure

Low Lube Oil Alarms in Control Room /DCS

Control Room asked for Area Check Operator 

informed control room about excessive oil leak

Bearings High Metal Temp & Vib (Relative & 

Seismic) alarms appeared

No Trip Initiated (Control room and at local) 

Machine remained in service and  tripped on Low 

Lube Oil Level

Turbine Reached Zero Speed & Seized Couldn’t 

come on Turning Gear

Sequence of Events
(Steam Turbine in Service at Baseload)



Damages (Rotor Shaft Journals & Bearings)
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Journals/Post Failure A Good Journal/Pre Failure

Bearings / Post Failure 

Journal / Pre Failure 

Bearing / Pre Failure 



Damages (HP/LP Rotor Blades & Steeple)
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HP/LP Rotor Blades 

HP and LP Rotors Steeple/Disk 



Root Cause – Technical
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Accumulator Iso V/v Malfunction
Valve Seat (EPDM) not 

Compatible to Oil
Valve Failed to Isolate/Oil 

Drained

Valve Seat material of Ethylene Propylene Diene Monomer(EPDM) not compatible to Turbine Oil. Causes to swell, soften, 

and degrade over time.  Recommended elastomers are Buna-N (Nitrile), and Viton. 



Root Cause – Human
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1- Improper Maintenance/Un-
Trained Technician

2 -Insufficient Job Risk 
Assessment (JRA)

3 - Delayed Response from 
Control Room

1
• Valve seat replaced in 

past – No Record.

• Technician exceeded 

from defined SOW.

• Lack of training and pre 

job briefing.

• Lack of supervision.

2
• Possibility of valve 

passing ignored in JRA 

hence no control 

measures defined.

• Critical Activity planned 

when turbine in service.

3
• No Immediate response 

after receiving alarms.

• Delayed response from 

area operator.

• No manual trip from 

Control room Or at local.



Impact & Remedy
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Equipment Damage

- HP Runner

- LP Runner L-0 Stg

- 06 Bearings

- Turbine Inter stage 
Seals

Business Interruption

350 Days

Loss $

USD $2.5M 

Cost of Accumulator 

Isolation Valve Seat 

USD $250 Only

Actions Taken

• Lube oil system valves replaced with oil compatible 

seat material

• PM activity generated in CMMS for valves 

replacement (frequency based)

• Job risk Assessment process modified to add 

secondary verification. No PM activity at Lube Oil 

system when M/C in service

• Response to similar situation added in operations 

procedure

• Staff qualification & training arranged



An Insurer’s Perspective – Review of Losses (10 Years)
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Steam Turbine Machinery Loss
Events an 

Insurer's Perspective

Should raise concern if:

https://www.bing.com/ck/a?!&&p=f267bbddb7830534845a43913befdfde75800e2408bf27743abf84804f9ad328JmltdHM9MTc1NDc4NDAwMA&ptn=3&ver=2&hsh=4&fclid=156b6ea7-1099-6847-2b23-7b70115c6961&psq=Steam+turbine+machinery+loss+events+AEGIS+loss+prevention+perspective&u=a1aHR0cHM6Ly93d3cuYWVnaXNsaW5rLmNvbS9jb250ZW50L2RhbS9hZWdpc2xpbmsvcmVzb3VyY2VzL3B1YmxpY2F0aW9ucy9wdWJsaWMvTG9zc0NvbnRyb2wvU3RlYW1fVHVyYmluZV9NYWNoaW5lcnlfTG9zc19FdmVudHNfMTAuMjAyNC5wZGYjOn46dGV4dD1BRUdJUyUyMExvc3MlMjBDb250cm9sJTIwcmVndWxhcmx5JTIwbW9uaXRvcnMlMjBhbmQlMjBhbmFseXplcyUyMHN0ZWFtLGtleSUyMGNvbXBvbmVudCUyMHRvJTIwcmVkdWNpbmclMjBzdGVhbSUyMHR1cmJpbmUlMjBmYWlsdXJlJTIwcHJvYmFiaWxpdHku&ntb=1
https://www.bing.com/ck/a?!&&p=f267bbddb7830534845a43913befdfde75800e2408bf27743abf84804f9ad328JmltdHM9MTc1NDc4NDAwMA&ptn=3&ver=2&hsh=4&fclid=156b6ea7-1099-6847-2b23-7b70115c6961&psq=Steam+turbine+machinery+loss+events+AEGIS+loss+prevention+perspective&u=a1aHR0cHM6Ly93d3cuYWVnaXNsaW5rLmNvbS9jb250ZW50L2RhbS9hZWdpc2xpbmsvcmVzb3VyY2VzL3B1YmxpY2F0aW9ucy9wdWJsaWMvTG9zc0NvbnRyb2wvU3RlYW1fVHVyYmluZV9NYWNoaW5lcnlfTG9zc19FdmVudHNfMTAuMjAyNC5wZGYjOn46dGV4dD1BRUdJUyUyMExvc3MlMjBDb250cm9sJTIwcmVndWxhcmx5JTIwbW9uaXRvcnMlMjBhbmQlMjBhbmFseXplcyUyMHN0ZWFtLGtleSUyMGNvbXBvbmVudCUyMHRvJTIwcmVkdWNpbmclMjBzdGVhbSUyMHR1cmJpbmUlMjBmYWlsdXJlJTIwcHJvYmFiaWxpdHku&ntb=1
https://www.bing.com/ck/a?!&&p=f267bbddb7830534845a43913befdfde75800e2408bf27743abf84804f9ad328JmltdHM9MTc1NDc4NDAwMA&ptn=3&ver=2&hsh=4&fclid=156b6ea7-1099-6847-2b23-7b70115c6961&psq=Steam+turbine+machinery+loss+events+AEGIS+loss+prevention+perspective&u=a1aHR0cHM6Ly93d3cuYWVnaXNsaW5rLmNvbS9jb250ZW50L2RhbS9hZWdpc2xpbmsvcmVzb3VyY2VzL3B1YmxpY2F0aW9ucy9wdWJsaWMvTG9zc0NvbnRyb2wvU3RlYW1fVHVyYmluZV9NYWNoaW5lcnlfTG9zc19FdmVudHNfMTAuMjAyNC5wZGYjOn46dGV4dD1BRUdJUyUyMExvc3MlMjBDb250cm9sJTIwcmVndWxhcmx5JTIwbW9uaXRvcnMlMjBhbmQlMjBhbmFseXplcyUyMHN0ZWFtLGtleSUyMGNvbXBvbmVudCUyMHRvJTIwcmVkdWNpbmclMjBzdGVhbSUyMHR1cmJpbmUlMjBmYWlsdXJlJTIwcHJvYmFiaWxpdHku&ntb=1
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Thank you
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and conditions, please refer to the coverage form.
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