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LOWLOW--BIN projectBIN project
•• ORC power plant ORC power plant 

for for 6565--9090°°CC geothermal watergeothermal water

•• ORC heat & power ORC heat & power 
cogeneration plant cogeneration plant 
for for 120120--150150°°CC geogeo--water water 
and and 60/8060/80°°CC district heatingdistrict heating

Industrial partner: TURBODENIndustrial partner: TURBODEN

Supported by DG-TREN (FP6)



Isobutane (R600a) and R134a Isobutane (R600a) and R134a 
as working fluidsas working fluids

•• widely used with excellent results in the heat widely used with excellent results in the heat 
pumps and cooling/refrigeration industrypumps and cooling/refrigeration industry

•• available in the marketavailable in the market

•• The necessary parts for a Rankine cycle machine The necessary parts for a Rankine cycle machine 
are available in the marketare available in the market

•• CARRIER, lately developed low cost 200 kWe CARRIER, lately developed low cost 200 kWe 
ORC units using R134a. Two units commenced ORC units using R134a. Two units commenced 
operation in Augustoperation in August--December 2006December 2006 in “Chena”, in “Chena”, 
Alaska, USA, utilizing 74°C waterAlaska, USA, utilizing 74°C water



Shell & tubes condenserShell & tubes condenser
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Overall heat transfer:Overall heat transfer:
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on tubes surface:on tubes surface:
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Plate H.E. as evaporatorPlate H.E. as evaporator
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One side: Geothermal waterOne side: Geothermal water Second side: working fluidSecond side: working fluid
Liquid Liquid ⇒⇒ Two Phase Two Phase ⇒⇒ VaporVapor

__________________________________________________________________

Evaporation heat transferEvaporation heat transfer

Single phase heat transferSingle phase heat transfer



Rankine cycle Rankine cycle optimisationoptimisation
Objectives:Objectives:
•• Maximize Maximize overall net conversion efficiency conversion efficiency of the plant

• MinimizeMinimize the cost cost of the plant
→ Minimize both Heat Exchangers surface→ Minimize both Heat Exchangers surface
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using the EASY software code (Evolutionary Algorithm System)
by National Technical University of Athens, ref. http://velos0.ltt.mech.ntua.gr/EASY

Variables:Variables:
PP22, m, mgrgr, m, mwfwf, , ∆Τ∆ΤΗΗ, , ∆Τ∆ΤCC

Constraints:Constraints:
Net Power Output

200 kW200 kWee±±5kW5kWee

http://velos0.ltt.mech.ntua.gr/EASY


ORC machine for 65ORC machine for 65°°C: R134aC: R134a
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ORC machine for 65ORC machine for 65°°C: R600aC: R600a
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ORC machine for 65ORC machine for 65°°C: C: 
R134a vs IsobutaneR134a vs Isobutane
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ORC machine for 65ORC machine for 65°°C: C: 
R134a vs IsobutaneR134a vs Isobutane

VariableVariable IsobutaneIsobutane R134aR134a
PP2 2 (bar)(bar) 6.196.19 11.9911.99

mmgeothermal water geothermal water (kg/sec)(kg/sec) 4466 51.251.2
mmworkingworking fluid fluid (kg/sec)(kg/sec) 10.210.2 17.517.5

∆Τ∆ΤH H ((°°C)C) 221.81.8 18.618.6
∆Τ∆ΤC C ((°°C)C) 7.57.5 7.57.5

pump power pump power (( kWkW)) 33..99 13.413.4
cooling cooling water flow water flow (kg/sec)(kg/sec) 119119 116116

surface of the condenser (msurface of the condenser (m22)) 7.07.0 5.55.5
surface of the heat exchanger (msurface of the heat exchanger (m22)) 5.75.7 4.04.0

total H.E. surface (mtotal H.E. surface (m22)) 12.712.7 9.59.5
net conversion efficiencynet conversion efficiency 7.047.04 7.167.16



ORC heat & power cogenerationORC heat & power cogeneration
source: 120source: 120°°C, cooling: 60/80C, cooling: 60/80°°CC
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R134a ORC plantsR134a ORC plants

 5

 10

 15

 20

 25

 30

 35

 40

 45

 0.045  0.05  0.055  0.06  0.065  0.07  0.075  0.08  0.085

su
rfa

ce
 o

f t
he

 e
xc

ha
ng

er
s

overall efficiency of the binary plant

R134a - temperature threshold at 65,100,120 

65
100
120Cogeneration 120°C-60/80°C

Low temperature 65°C

Standard 100°C



R134a ORC plantsR134a ORC plants
Variable

Heat & power 
cogeneration

120οC

Power 
generation

65oC

Standard binary 
power plant, 

100οC
P2 (bar) 34.99 11.99 15.52

mgeothermal (kg/sec) 52 51.2 45
mR134a (kg/sec) 35 17.5 17.8

∆ΤH (°C) 26 18.6 20.0
∆ΤC (°C) 20 7.5 7.5

Cooling Temp (°C) 60 10 10
Condensing Temp (°C) 80 30 27

R134a pump power (kW) 58 13.4 18.5
cooling water flow (kg/sec) 66 116 110

Condenser surface (m²) 22.0 5.5 4.6
Surface of the PHE (m²) 2.0 4.0 5.4
Total H.E. surface (m²) 24.0 9.5 10

Net conversion efficiency 5.93 7.16 7.7
Net electrical Power (kW) 207 202 204
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