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Presentation Outline

• Introduction
– Possible Role for Microturbines

• Need for Advanced Ceramics

• History of Ceramic Gas Turbine (CGT) Programs 
– Transition from Automotive to Land-Based Applications
– Advancements Made

• Remaining Challenges



Microturbines May Have the Potential To Address 
These Challenges

• Microturbine Systems Are Still Relatively New 
– The Market And Manufacturers Are Targeting Broad Applications In The 

Industrial And Buildings Sectors Including Combined Heat And Power, 
Backup Power, Continuous Power Generation, And Peak Shaving To 
Reduce Costs During Peak Demand Periods. 

• Typical Efficiencies 20 To 30% 

• Required Increases In Efficiency Can Be Achieved With Significant 
Increases In Engine Operating Temperatures, 
– Will Require More Temperature Resistant Materials Such As High 

Performance Ceramics

• Silicon Carbide Or Silicon Nitride Have Long Been Considered Primary 
Candidates For Hot Section Components In Advanced Gas Turbines
– Initial Property Limitations, Such As Low Strength, Low Weibull Modulus, 

And Poor Creep Resistance, Were Successfully Addressed In A Number Of 
Materials Development Programs



The Early Technical Barriers

• End Use
– Availability of Suitable Turbine Platform
– Integration of the Ceramic Components Into That Platform

• Tip Clearance, Ceramic/Metal Attachments, FOD, DOD
– Establishing Operating Conditions (T, P etc)
– Life Prediction Assessment

• Manufacturing
– Suitable Material Compositions 
– Availability of Processes for Complex Shape Forming

• Possible Need for An Environmental Barrier Coating (EBC)
– Identification of Defective Parts (Component Reliability)
– Cost



Ability to Manufacture Complex Shaped Components 
Improved Significantly (Parts Made In the Late 1990s and 
Early 2000s)



Materials With Exceptional Strength and Toughness 
Were Developed

Data Represent State of the Art in the Early 2000s
(While These Properties were Sufficient to Unsure Short-Term Reliability, 

Environment Degradation Proved to Be A Major Barrier to Long-Term 
Survivability 



Design Tools for Predicting Reliability were Developed 
and Validated



Environmental Degradation on Non-Oxide Ceramics Proved To 
Be A Major Barrier (Engine Tests Conducted in Early 2000s) 
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While Environmental Barrier Coatings (EBCs) for Monolithics
Was Identified as a Potential Solution, Technology Gaps 
Remained
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› Application of EBC Often Caused a Reduction in Mechanical 
Performance

› Necessitated Multilayer Approach
› Selected EBCs Did Not Always Serve as an Effective Barrier to Water 

Vapor
› EBCs Themselves Were Not Always Stable
› In the Case Of SiC Composite Ceramics, EBC Technology Was More 

Mature
› EBC Combustor Liners Accumulated 10s of Thousands of Hours In 

Field Tests



Recent ORNL Sponsored Microturbine Workshop Indicated 
Renewed Interest In Utilizing Ceramics To Achieve High 
Efficiencies



Brayton Energy Is Developing Next Generation Microturbine
w/ Ceramic hot section (350 kW) Class-8 trucks and 
stationary CHP 



Wilson Microturbine™ Is Currently Exploring the Use 
of Ceramic Components

• 300 kWe Microturbine That Uses A Unique Three-stage 
Turbine To Achieve A Breakthrough Level Of Electrical 
Efficiency
– Eleven-inch, High-temperature, Low-speed Ceramic Rotors
– Ceramic Blades Used In A Proprietary Low-speed Turbine 

Permit Higher Turbine Inlet Temperatures That Significantly 
Increase Performance And Efficiency

– Up To 98% Effective, Long-life, Ceramic-core Regenerator



NRL Research Has Shown That The Use of a Recuperated 
Cycle in a Small 5 kWe Turbine Can Reduce Water Vapor 
Thus Lowering Recession 



Several Technology Gaps Still Need to Be Addressed

• Materials
– Commercial Sources of High Performance Silicon Nitride Ceramics are 

Currently Quite Limited
• Who will Supply the Components
• Should we Consider Non Oxide Composites

– EBCs Do Exist for These Materials
• Possibility of Using Oxide Based Ceramics 

– Need for an EBC Should be Established Early in the Program
• EBC Application Need to Be Integrated Into Manufacturing Process

• Operating Environment
– Determine if Impact (FOD and DOD) are Potential Problems
– Can New Operating Cycles Mitigate Need For EBCs
– Implement Design (FEA) Analyses Early in the Program



Conclusions

• Microturbines Could Potentially Offer Solution for Creation of Highly 
Efficient Small-Scale Distributed Electrical Generation

• Achieving The Target Electrical Efficiencies Requires Use of Advanced 
Materials Capable of Operating at Much Higher Temperatures
– Extensive Research Has Shown That Silicon Carbide and Silicon Nitride 

Ceramics Can Meet the Operating Temperature Requirements

• Environmental Stability Currently Limits Long-Term Reliability

• Recent Discussions With Material Suppliers and Microturbine
Manufacturers Suggest Several Approaches For Solving the 
Environmental Problem
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