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Organic Rankine Cycle Technology

Heat In – Power Out

Similar to the steam rankine cycle

* 91ºC – 149ºC
Hot resource
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Organic Rankine Cycle Technology
Significant adv antages

OO OrganicOrganic
RR RankineRankine
CC CycleCycle

Tec h nica l f eat ures

• High c ycle  ef fic ie ncy

• High t urbi ne ef fici ency (~ 85%)

• Lo w mec ha nic al s tres s t urbi ne 

• Low t urbi ne RP M a llow d irect  dr iv e 
ge nerat or  ( no  gearbox )

• No b la de erosi o n ( no  li qui d parti cle s)

• No oxi dat ion (m eta l fr ie ndly worki ng fl ui d)

Opera ti ona l a dv an ta ges

• Simple st art-s to p proc ed ures

• Aut omat ic, u nat te nd ed  o pera tio n

• Qui et r unni ng

• Hig h Av aila bil ity  (> 98% prov en )

• Tur n- do wn to  10% of n omin al po wer

• Good ef fici ency at part ial l oa d 

• Lo n g li fe

• Hig h e ffi cie ncy  wi th low  / mo dera te 

temperat ure s ourc es

• No B F w ater trea tment!

• Mi nimum O &M
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United Technologies Corporation

Hamilton Sundstrand

Pratt & Whitney

Sikorsky

UTC Power

Otis

Carrier

UTC Fire & Security

$59.8 Bn in 2008 sa les
62% rev enues outside US

180 countries
225,000 em ploy ees
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Gas Turbines Mobile
Power

IGT After
market

Heat to 
Electricity

Expands into 
Renewable 
energy in 2009 
and acquired 
Turboden

Developed Power 
on wheels solution 
in 2004

Developed Hi-tech 
repair business for 
large heavy duty 
gas turbines in 
2001

In the industrial 
aero-derivative gas 
turbines business 
since 1960
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Turboden – ORC Leader in Europe

• More than 110 units are in operation and about 30 
units are on order. 

• Turboden designs 
and manufactures 
Organic Rankine 
Cycle (ORC) 
products

• 30 years of ORC 
experience

• Standard sizes from 
500 kW to 6 MW

• Customized to 10 
MW

• Many renewable 
sources apart from 
waste heat
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ORC in low temp 
application

Energy Source : Hot water, LP steam
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The PureCycle® Power System

• 280 kW Gross Power

• Free fuel

• Zero emissions

• Renewable baseload power generation

• 90°C – 150°C resource range

• Modular and scalable for larger plants

• Short lead times

• 24/7/365 remote monitoring 

• High availability
* 91ºC – 149ºC

Low temp energy resources (up to 90° C)
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ORC Hi-temp Application
Energy Source : Hot water, LP steam, 

Thermal Oil
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Turboden Product Line
Medium temp energy resources (up to 180° C)

• High cycle efficiency

• Size flexibility: 400 kW to 6 MW

• High field availability (> 98%)

• Partial load operation (down to 10%)

• Low Operation & Maintenance 
requirements (~ 150-250 hrs/yr)

• Long life

• Simple start-stop process

• Direct drive generator

• Remote monitoring 
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Diese l a nd Ga s 
Engi ne s

Heat to electricity – Organic Rankine Cycle

Geo th ermal Oil & G asSolar  Thermal

Indus tr ial W as te H eat*

* M any  d i fferent indus tries  inc lud ing g las s , c em ent, meta ls , c hem icals , petrochemicals, e tc .

Biomas s

Wide variety of heat sources
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Sources of Waste Heat

Industrial Processes:
• Cement
• Steel 
• Refractory
• Glass
• Waste Incinerator

Prime Movers:
• Reciprocating engines
• Gas Turbines 
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Cement Production Factory

• Clinker pr oduction capac ity: • 5.000 ton/day

• Heat sour ce: exhaust gas @ 330°C

• Gas cooled down to 220°C 

• Add’ l heat used for raw m ateria l pre heating

• ORC electric power: ca. 2 MWe

• Under construction: start up in 2010

• Client: CIMAR – ITALCEME NTI GROUP

High temperature gaseous exhaust heat recovery
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Refractory Production Factory

• Refractory pr oduction capac ity: • 250 ton/day

• Heat sour ce: exhaust gas @ 500 °C

• Gas cooled down to ca. 150 °C

• ORC electric power: ca. 1.000 kWe

• In operation since first quarter 2009

• Client: RHI GROUP (Radenthein - Austria)

Heat f rom high temperature gaseous exhaust
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Steel Factory
Sev eral exhaust gas streams are available

q Rolling, forging

q Heat treatment
q Strip processing

q Sinter
q Blast furnace
q Cupola

q EAF

q Relatively clean exhaust gas at moderate 
temperature

q Cost effective for ORC • 600/800 kW

q Interface between process and energy 
recovery unit is critical 

q Exhaust gas: high flow, high  temperature, 
high dust content, large variations in 
operating cycle, environmental constraints
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Reheat furnace in steelmaking industry
Good application in many cases

Reference Case Study: Slab re-heating furnace

q Production capacity: ~ 300 MT/h
q Heat source: exhaust gas @ 450°C (840°F)
q Gas cooled down to 180°C (355°F) 
q Heat carrier: thermal oil

Main  Exhaust Gas Characteristics:

q Absence of dust (natural gas firing)
q Variable conditions depending on mill operation

ORC electric power:  ~ 3 MW

Westernport mi ll – Bl uesScope St eel  Corporat i on
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Waste Incinerator
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3 MW installation in Roeselare (Belgium)

• Heat recovery from press uriz ed 
water bo iler

• Commiss ioned 2nd Q 2008

• End custom er – MIROM  

• Hot water res ourc e is at 180°C

• Return at 140°C
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Reciprocating engines
Significant increase in overall engine efficiency

 

O RC

Hea tr ec ove ry
e xch an g er

g as/ the rma lo i l

Exh aus t
g as Filters /  

Chimney

H ea t diss ipa tion
s ys tem (dry  or  wet )

Co ol i ng
wa te r c irc uit

ELEC TRIC 
POWER

Th erm al

oi l  c i rcui t

Heat dissipat ion
sy stem (dry or wet)

Coo l in g
water ci rcui t

ELEC TRIC 
POWER

Jac ket  Co o li ng  
Wate r

PURE C YCLE
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Gas turbines
Suitable for gas turbine sizes up to about 15 MW

H eat recovery 
exchanger

Filters  /  
Chimney

H eat  diss ipation system (dry 
or wet)

Cooling 
circuit

ELECT RIC 
POWE R

Gas Turbine

Therm al  o i l  / Steam  / Press uris ed water 
c i rc u i ts
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Biomass ORC Application
Potential for rural electrification is signif icant

Biomass boiler , exhaust 
gas heat exchanger, …

ORC BATTERY LIMIT

HEAT CARRIER LOOP

COOLING
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ORC Hybrid Solar Thermal Power Plant
Improves the capacity factor significantly

Hot thermal oil

Cold  t hermal oil

Electr ic  
po wer

O
R
C
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Summary

• ORC offe r unique advantages compared to the steam 
turbines

• They have pro ved  to be highl y reliable in a variet y of  
applications

• They have been  successfully deployed in waste heat  
recovery f rom industrial processess, recip engines, gas 
turbines, biomass, solar CSP, geothermal, & industrial 
waste heat applications

• India’s installed base of recip engines are a good  
opportunity to deploy these p roducts in the near futu re 

• Solar, Biomass, and Geothe rmal are  other near to medium  
term applications in India

Organic Rankine Cycle Technology
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THANK YOU !
www.pw.utc.com

Venkatar amana Muvv ala
Area Dir ector

Pratt & Whitney Power systems
+919971177564 

(venkatar amana.muvv ala@pw.utc.com)


