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Why Waste Heat Recovery? /4 Z 5] it 4 #?
Option 1 &1

Released into the atmosphere ... No benefits
FFBCR RAT A 2
Option 2 ETH2
Recovery for:EIWL R #H, AIHK:

e Power Gen ... Additional revenues from energy sell
HEH - BB RE YR AT IR AN S U B

» Process more gas thru full utilization of installed gas turbines
DAL 58 A, AT & Al =

* Help comply with CO2-related regulations

M) 2 CO2 3 HE N 7E
* Increase plant efficiency #&EHLHLE & XK

Gas turbinefA ¥l ORegen™

Exhaust Gas

AIrE S PRI,

=" Up to 17 MW of power recovery

S e 17K

77% of Oil and Gas installed Gas Turbines are in simple cycle
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ORegen possible application

ORegen)v F 45,

EXPANDER GENERATOR
* Waste Heat Recovery \ AR COOLED . Dj_@
KRR E U e% 4 .

* Geothermal plants
ih 3K BB,
* Biomass power plant RECUPERATOR

X |d,-4::! > Sourcesofheat | , = @~

CYCLOPENTANE
* Solar Thermal Power

ﬁ&i}ﬁ CIRCULATION PUMPS
APABEXR BB
* Refinery
Foml RAREIR (e
o Steel mill | o
ﬁﬂr%?\;\‘\' @ l‘I& _/ HOT OIL PUMP
GE waste heat recovery include GERZE W TFE:
*Gas Engines from 0.3MW up to 5SMW developed by GE Jenbacher/GE research center
GE Zi 2 5 GERF A 1L 3E [T A i AN0.3 JE BL 258 B A AL AR A B s 56
*GT from 5 MW to 80 MW developed by GE O&G /GE research center
GEMMI S5 HE R H L AL I K& I SR FL 280K FLI A L AR i [l 7 %

*GT for other manufacturer
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VAPORIZED CYCLOPENTANE

LIQUID CYCLOPENTANE

DIATHERMAL OIL

GAS TURBINE

L

PREHEATERS SUPERHEATER
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The ORC Concept EHLEAE &N RHE

The Organic Rankine Cycle (ORC) is a thermodynamic cycle based on the
Rankine classic cycle using an organic working fluid

HHLHIE G (FRARORC) 2 K A AR E o i, T B E S 53R B #7206

[T

ORC cycle T-S diagram 5.5 &

—Tdew ~—Tbubble * Tcycle@minp ® Tcycle @ maxp Working fluid selection by GRC Munich
I Heaters AT HGERF Rl CRJERE) e
250 Expander Super-heater i . o
Cyclo-pentane main characteristic
O ——— Recuperator ‘
. — Condenser IR 0 B
i — P xpansion iR ; y ° ©
gzoo ome =P Boiling point i sifik: 121° F (49.3° C)
s * Freezing point ¢ &i{%: -137° F(-94
£150 C)
2

 Molecular Weight J& /K Jii & &: 70.1
* Appearance: clear, colorless liquid

Recuperator ﬁI‘XJI_L[ iﬁ EU% ~ %@%ﬁ’ﬁg

100 Recuperator

Condenser

Pump ] « No corrosion issue on plant equipment
50 | | ‘ ‘ 2 L T
3 25 2 15 o OPRE R TOR
@ Entropy [kJ/(kg® C)]
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Plant schematic & scope of supply

1A

A/J\i:: X ﬂ]'{»\ﬁ(ﬁ +

PGT25+ case study ... overall plant efficiency up to 51%

PGT25+ ZAj) 3 Hr-+ B LFERCRSEE 251% The basic scope of supply for a typical conversion

Gas Turbine

Diathermic Oil loop

OIL HEATER

|

[)_ HEAT EXCHANGERS

includes the following St A3 B AFELL FEA W% :

Organic Fluid C5H10 system ¥£ ki & 4:
Diatermic oil system #i & 4;

Vaporizer & heat exchangers 7% &k % fll 4 1 2%
Turboexpander genset 2K & HEHL
Condenser & ltas

C5 and oil pumps P& 28 Fl #GH 2

Cyclopentane loop

Fan

A Expander

A 4

E: % Generator
5
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Turbo-expander sl trone
ﬁizﬂﬁ/}ﬂﬁﬂﬂ _ AR R38R BN 8

2 separate basements:

2SR (E3E)

e Ease of transportation
J7 {1550

e Installation cost reduction
> 225 7 H

Oudoor installation with
thermo-acoustic insulation

i bR, AIE S A

LxWxH: 13x4x5.5m ™
Kex Bk : 13x4x5. 5K

s

it 1 lube oil system (PAO oil)
GE imagination at work S 6
@ 1%”%“’%@/%55 GE Proprietary Information

© 2011, GE
All Rights Reserved



Turboexpander (5-17 MW family)
%R AL5-17MW 2 1)

2 stage variable IGVs
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16-blade wheels (17-4PH)
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5000 rpm shaft
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1500/1800 rpm shaft
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ORegen™ Typlcal Layout
ORegen' 'Aﬂ‘l‘l/ﬁ]‘ ) ; GT exhaust stack BANLAHIE

Diverter only interface

with GT 4R R 2 5 Diathermal Oil piping 5l & #%
RBLI M — S \' )

(’\

GT exhaust
stack with
ORegen
installed
ZIEORegen )5
R RAAT LI TE

Turbo-Expander FZAKAL

Control cab %%

Waste Heat Oil
Heater

RRAR

C5 condenser \ -— i SRS
PR HE A A R Cyclo-pentane island

> b2z
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ORegen™ Configurations
ORegeni] Z ML &

Direct HE/LH Parallel Oil HumFHEE

Condenser GT#1
GT#1

Condenser

[
/==X

GT#n

Multi cycles £7E3F Parallel Gas < FEE

_’4_ Condenser #1
ORC#1
\( N T

/L Condenser #2
\, ORC#2

[ ] Tobe defined as typical arrangement & &, & X k#4744 &
I To be scaled up / down from a standard design. Z# AR FRUEBETT, (HR/NATAS

e To be selected case by case. depending from the site conditions and project requirements

WK ATIETT,  BGR T I 2 A AT H 75 22
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ORegen* Output ORegen;= fhn % H

GT Model GT Power Exhaust Exhaust GT ORC System
PRAL 2 PRHLTH = Flow Temp Efficiency Output Efficiency

(Kw) MRRE WREE BHE RCEIH  RERE

(Kg/sec) (c ¢ (%) & (%)
(MWe)

PGT25 (*) 23 261 68,9 525 37,7% 6,9 48,9%
PGT25+ (*) 31 364 84,3 500 41,1% 7,9 51,5%
PGT25+ G4 (*) 33973 89,0 510 41,1% 8,6 51,5%
MS5001 (*) 26 830 125,2 483 28,4% 11,3 40,4%
MS50028B (*) 26 100 121,6 491 28,8% 10,8 40,7%
MS5002C (*) 28 340 124,3 517 28,8% 12,4 41,4%
MS5002D (*) 32 580 141,4 509 29,4% 13,8 41,9%
MS60018B (*) 43 530 145,0 544 33,3% 15,6 45,2%
LM6000 (**) 43 397 125,6 454 41,7% 9,7 51,1%

Reference data @ISO Conditions, 100% GT Turbine load, one to one configuration
Hla L T ISObRTEE, 100%HIMANL g, — X —HIZER)IE
(*) Values at gas turbine shaft BAKLHL) %

S (**) Values at generator terminals for LM6000PC coupled to 60 Hz generator "
S o LM6000PC5 & FAALIESE, 78 & W blim 1 14 th 2h 3 GE Proprietary Information
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Robustness to load variation

1& N A e AR AL

e 50% load -> 80% ORC power g
50% fifir T #733380% HIORCHIH =
-
g- 6.0 /’
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50 60 70 80 90 100

Gas Turbine Load % rerzs)

AN 4 %

Power output from ORC relatively constant compared to gas turbine

Oregen 5 4t H, /7% H AHXS AL BE A2 e
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PLEAB AR SRR TS, AW RSB —FEHNE.
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