CALNETIX

ORC Overview

cac

ACCESSENERGY

'lﬁ
‘w‘l

1“. 5 it

\ ._l_.'

October 13, 2016

o SRR Oy R/ 4. e
16'-’ w4

. & Innovation That Drives Industries™

16323 Shoemaker Avenue | Cerritos, CA 90703 | main: +1.562.293.1660 | fax: +1.562.293.1689 | calnetix.com



CALNETIX

CHNOLOGIE

Rankine Cycle




CALNETIX

A Athermodynamic cycle which converts heat energy into mechanical work

A The primary components consist of: Q) — © 4 S
I an evaporator (or boiler) N Gonerator
i aTurbine |
I a Condenser > >
i and a pump.

Evaporator Condenser

A Real world examples of the Rankine Cycle: Steam Locomotive, Coal
Power Plant, Nuclear Power Plant, ORC
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Organic Rankine Cycle Process
The Organic Rankine Cycle (ORC) converts thermal energy into electricity. It does this using a process similar to a steam
turbine, but instead of water, it uses refrigerant. This allows for the extraction of energy from low temperature sources.

. The heat source transfers thermal energy into the refrigerant causing it to vaporize.
. High pressure refrigerant vapor flows into the turbine.

. The refrigerant vapor pushes against the turbine and causes it to spin.

. The turbine turns the generator producing electrical power.

. Cooling water extracts thermal energy from the low pressure refrigerant vapor.

. The refrigerant is condensed back into liquid.
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. Liquid refrigerant is pumped into the evaporator.
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Evaporator Condenser
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ORC vs Steam
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A Uses organic fluid (refrigerant)

A Lower saturation temperatures and pressures
A Produce power from low grade heat

A Non corrosive working medium
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A Isentropic Saturation Curve oo
i Operating Temperature 30, o TR
I Operating Pressures | L
i Pressure Ratio of Cycle & z:z
. . . 1—- ‘ ——Pentane
A Heat of Vaporization & Density - s
. | ——R245fa
I Reduced pump load 100, i
A Environmental Impact s0

I Ozone depletion potential (ODP) %60 5001000 2000 3000 4000 5000 6000 7000 8000
i Global warming potential (GWP) ket
A Safety
I Flammability
I Physical
A Availability & Cost
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Table 1. Physical data and environmental data of refrigerants.

Eipdiofimmcartions Physical data * : Sandand i Environmental data * :
(HFCs) M Ty Tcrit Pcrit Safety group GWP ODP Atm. life
[g/mol] [C] [C] [kPa] 100 yr (yr)
HFC-245fa (R245fa) 134.05 15.14 154.01 3651.0 B1 1050 0.000 7.7
HFC-236fa (R236fa) 152.04 -1.44 124.92 3200.0 A1 9820 0.000 242
HFC-152a (R152a) 66.051 -24.023 113.26 4516.8 A2 133 0.000 1.5
HFC-227ea (R227ea) 170.03 -16.34 101.75 2925.0 A1 3580 0.000 38.9
HFC-134a (R134a) 102.03 -26.074 101.06 4059.3 A1 1370 0.000 13.4
HFC-32 (R32) 52.024 -51.651 78.105 5782.0 A2Lr 716 0.000 5.2
HFC-143a (R143a) 84.041 -47.241 72.707 3761.0 A2Lr 4180 0.000 471
HFC-125 (R125) 120.02 -48.09 66.023 3617.7 A1 3420 0.000 28.2
Physical data * Environmental data
Hydrocarbons (HCs) M To Terit Pcrit sS:f‘z;a;oﬁ GWP ODP Atm. life
[g/mol] [C] [C] [kPa] 100 yr (yr)
n-Pentane (R-601) 72.149 36.06 196.55 3370.0 A3 ~20 0.000 0.009
n-butane (R-600) 58.122 -0.49 151.98 3796.0 A3 ~20 0.000 0.018
Iso-butane (R-600a) 58.122 -11.749 134.66 3629.0 A3 ~20 0.000 0.016
Propane (R-290) 44.096 -42.114 96.74 4251.2 A3 ~20 0.000 0.041
Hydrochoroflurocarbons thigsicalidate * - Standard 34 Environmental data -
(HCFCs) M Ty Terit Pcrit Safety group GWP ODP Atm. life
[g/mol] [C] [C] [kPa] 100 yr (yr)
HCFC-141b (R141b) 116.95 32.05 204.35 4212.0 n.a. 717 0.120 9.2
HCFC-123 (R123) 152.93 27.823 183.68 3661.8 B1 77 0.010 1.3
HCFC-142b (R142b) 100.5 -9.12 137.11 4055.0 A2 2220 0.060 17.2
HCFC-124 (R124) 136.48 -11.963 122.28 3624.3 A1 619 0.020 5.9
HCFC-22 (R22) 86.468 -40.81 96.145 4990.0 A1 1790 0.040 11.9
HFO-1234ze (E) 114.04 -18.95 109.37 3636.3 n.a. 6 0.000 0.045
HFO-1234yf (R1234yf) 114.04 -29.45 94.7 3382.2 A2Lr <44 0.000 0.029 PDF
Ammonia (R-717) 17.03 -33.327 132.25 | 11333.0 B2L r <1 0.000 < 0.02 E

*: physical properties of working fluids are calculated by REFPROP 9.0 (Eric 2012)

2: (Calm and Hourahan 2011) Adobe Acrobat
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Shaft seals

Cooling jackets

7 Asymetric rotors
Anti-friction and ¥

roller bearings

Can handle higher Cheapest Efficient over large range Efficientover large range

pressure ratios

Most Expensive Least Efficient Shaftseals
Large Thrust Load ShaftSeals High speed
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Hermetically sealed
No shaft seals

Integrated



