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Waste Energy Sources

Waste Heat I (Fossil Fuels)

(1).. Industrial Plants: Manufacturers of Steel,   

• Cement, Petro-Chemical Plants, etc.

(2).. Power Plants: Fossil Fuels 

(3).. Transportation: Land Vehicles and Ocean    

• Vessels

(4).. Fuel Cells(MCFC), etc: High Efficiency 



Waste Energy Sources II

Waste Heat II (Renewable Energies)

(1).. Steam Boilers Using Bio-Fuels

(2).. Solar Heating

(3).. Geothermal 

(4).. OTEC (Ocean Thermo Energy Convertors)



Waste Energy Sources III

Waste Heat III (Nuclear Power Plants

(1).. Waste Heat from Condenser Dissipated 

into Ocean Water  

(2).. Environmental Issues: 

• Excessively hot sea water destroying marine 

life and potential other side effects





Energy Harvesting Technologies 
Rankine Cycle Families :

(Working Fluids)

Rankine Cycle Organic Rankine Cycle      

Water                        Organic fluids  

Saturation Properties:

Fluids p, Bar T, C v, cu.ft./lb

Water 1 99.6 27.1

3 133.5 9.7

R245fa 1 14.5 2.7

3 45.5 0.96

Pentane 1 35.7 5.45

3 72.1 1.92







ORC Technology Status
--- Basic Technology Developed 
--- Application technologies under development

USA : 1960’s   
Barber-Nichols (BNI): 1966

Korea: 
~ 1995 -2000 

First US-Korea Technical Cooperation On
Research Project at RIST ( 1 MW)
Pohang Steel Co., Ltd. (POSCO) with     

Technical Support of Barber-Nichols, CO

2002-2005 : First Commercial ORC with Joint
Efforts between POSCO E&C and BNI for
Asia Cement Co., Jechon, Korea

--- Waste Heat Source: 290 C Hot air Clinker  

2010…      : Commercialization Expected to 
Start 

: It took 15 years from Research to 
Commercialization





ORC Economics

$2,000 – $3,000 / KW

Limitations of ORC Technologies 

[1] Waste Heat source Temperatures:

Hot air:   150 – 300 C
Hot Liquid: 80 C – 120 C

(1) Working fluid breakdown
(2) Excessive Evaporator Pressure

[2] Efficiency: 10 – 15%
Need for higher efficiency & lower cost



New Technologies 
-Binary Fluids Rankine Cycle-

(Ammonia + Water Mixture)

Kalina Cycle 
(100 C - 400 C)

1984    Invented by Alexander Kalina

2000    Iceland for Geothermal Energy

2005    A Demonstration of 6.5 MW in S.   

California

Uehara Cycle (Japan): 

A variation of Kalina Cycle optimized at low temperature (< 60 
C for OTEC) but at efficiency of ~ 6%.

Major Advantage & Disadvantage :                                      

* Kalina cycle has high efficiency (~ 30%) 

*  Kalina cycle requires a large distillation     

column to operate



Kalina cycle: highest efficiency at high cost 

THE DISTILLATION 

COLUMN



Neogen Cycle
(USA)

A variation of Kalina Cycle:

* Developed by Unitel Technologies
* Optimized for Heat Sources at 120 C – 400 C            

Numerical Analysis Results:

(1) Neogen Cycle does not require the distillation 
column.

(2) Can achieve substantially higher efficiency than 
ORC Cycle: ~ 30%  at 400 C

(3) Manufacturing cost (Initial investment) 
substantially lower than Kalina Cycle

(4) Neogen machine will be much more compact than 
ORC.



Neogen has simple system architecture
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Several Neogen variants are possible

Variants
Temp. 

Range, °C

NH3/H2O 

Ratio

Turbo  

generator(s)
Recuperator(s)

Conversion 

Efficiency

Neogen-1 125-170 99:1 2 0 14%

Neogen-2 170-280 89:11 2 2 18%

Neogen-3 280-350 74:26 2 2/1 27%

Neogen-4 350-400+ 75:25 1 1 27%

Neogen variants have been optimized for different temperature ranges.



Thermal fields of use
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Conclusion & Proposal 

1.. Korea needs Waste Recovery Technology 

due to the lack of natural energy resources

2.. Preliminary numerical studies show that 

Neogen Cycle can achieve substantially    

higher efficiency than ORC 

3..  Neogen Cycle has been optimized for 

waste heat recovery.  

4.. Estimated Cost of Investment for 250 KW   

Generator : $2,100/KW



Conclusion & Proposal 

5.. ORC Technology development took 15 years  

from Research Work To Commercialization.

However, Development of Neogen Technology 

may take a shorter time from the experiences 

gained through the ORC Development.

6..  Now is the time for the Korean Government 

to consider this new project for support for the 

future.


