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Presentation Outline

Overview of Waste/Reject Heat in Industrial Processes

ü Refining

ü Petrochemical

ü Inorganic chemicals

ü Process Steam

ü Engine exhaust

Technologies for Waste Heat to Power Conversion 

ü Commercial Technologies

ü Emerging Technologies

Technology Merits 

ü Conversion efficiency and effective utilization of waste heat

ü Heat transfer equipment

ü System integration and interfacing with industrial processes

ü System reliability

ü Economic values  

Selecting a Technology

Perspectives on Waste Heat Recovery and Utilization
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Energy Consumption in a Typical Refinery

Energy consumption in a typical refinery is 441,000 Btu/bbl crude, most 

of which must be rejected to the atmosphere or cooling water

ü Process heaters and steam boilers (600F ï800F+) 87,000 Btu/bbl

ü Process heat (200F ï400F)  40,000 Btu/bbl

ü Process heat (< 200F) to cooling water Remaining

Average  US Energy Use

KBtu/bbl TrillionBtu/Year

ü Crude distillation 205.3 880

ü Delayed coking 166.0 101

ü FCC 100.0 190

ü Hydrotreating/Hydrocracking 360.0 581

ü Reforming 284.0 373
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Crude Distillation Major Energy Consuming Process
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Hydrotreating and Reforming Processes
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Olefin Reactor ïComplex Furnace Design
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Soda Ash Process ïComplex Furnace Design
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Steam Utilization in Process Industries

Â Steam is major heat carrier in refining, petrochemical, and 

pulp&paper, and food processing industries

Â Steam optimization is an on-going effort with commercial 

softwares in the market 

Â Cost effective topping cycle provides opportunity to improve 

steam economy

Â Effective utilization of low-pressure steam can significantly 

improve the overall steam economy and plant energy efficiency 
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Current Practices of Heat Recovery

Heat recovery is generally considered in the process design optimization

Â Feed/effluent heat exchangers to recover high-level heat

Â Waste heat recovery boilers for high-pressure steam generation

Â Fired-heater stack gas heat recovery for preheating combustion air
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Current Practices of Heat Rejection in the Process Industry

Heat rejection is generally not considered in the process design optimization

Â Air-cooled heat exchangers to reject medium-level (200F to 400F) 

heat

Â Cooling water to reject low-level heat (< 200 F)

ï Cooling tower (1000+ lb of water consumed per million Btu heat 

rejected) 

ï Once through - river, seawater, and lakes (environmental 

restrictions) 

Regional scarcity of cooling water needs to be taken into 

consideration for waste heat to power.
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Technologies for Waste Heat to Power 

Commercial Technologies

ï Single Fluid Rankine Cycle

Å Steam cycle

Å Hydrocarbons

Å Ammonia

ï Binary/Mixed Fluid Cycle

Å Ammonia/water absorption cycle

Å Mixed-hydrocarbon cycle

Emerging Technologies

ï Supercritical CO2 Brayton Cycle

ï Thermoelectric conversion

Combined Cycles 
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Rankine Cycle

Â Steam Cycle

ï High temperatures

ï Waste heat-recovery boilers commonly used

ï High-pressure steam used for large compressors and air blowers

Â Hydrocarbons Cycle (Organic Rankine Cycle)

ï Medium to high temperatures

ï Developed for geothermal applications

ï Diesel engine exhaust ïDOE project on ORC

Â Ammonia

ï Low temperatures

ï Developed for ocean thermal energy

ï Bottoming cycle with potential dry cooling
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Ammonia/Water Absorption Power Cycle

Historical Perspectives

Â Ammonia/water absorption cycle is commercially used for heat-activated 

refrigeration

Â Ammonia absorption power system proposed in 1981 by H. Sheets for 

ocean thermal energy

Â First patented as Kalina cycle in 1982, followed by publication in 1984

Â In 1999-2000 first commercial scale 2.0 MW Kalina cycle plant installed at a 

geothermal site in Iceland

Â Further developments continue:

ï Cycle configuration and integration for improved thermal efficiency 

ï Development of heat/mass transfer equipment
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Ammonia/Water Absorption Power Cycle

Basic Cycle

Heat recuperation within the cycle is key to high thermodynamic efficiency
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Ammonia/Water Absorption Power Cycle

Dual-Function Cycle for Power and/or Refrigeration

Â Dual-function cycle concept developed at Energy Concepts Company, LLC

Â Power and refrigeration can be used interchangeably or simultaneously 
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Mixed-Hydrocarbon Cycle

Underlying Technologies Developed

Â Advancement of Organic Rankine Cycle with improved thermal efficiency

Â Significant literature on cycle analysis

Â Industry is familiar with the technology

Â Commercially available heat transfer equipment and turbine/generator

Â System integration ïNo major technical risks
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Supercritical CO2 (SCO2) Brayton Cycle

Being Developed for Nuclear Plants

Â SCO2 Brayton cycle achieves high thermal 

efficiency

Â Development of heat transfer equipment

ï Internal heat recuperation crucial for achieving high 

thermal efficiency

ï Compact narrow flow passage heat exchangers 

Â Turbine/Compressor 

ï Single-stage and two-stage centrifugal compressors

ï Six-stage axial flow turbine

Â For waste heat to power applications, combined 

cycle may have advantages

  

 


