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® Wind 0.39%
Solar heating/cooling 0.16%
® Solar PV 0.077%
Petroleum Solar CSP 0.0039%
¥ Geothermal heat 0.061%
B Geothermal electricity 0.049%
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T Nuclear 2.6%
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_ _ Capacity | Share of
Country Capacity | Capacity (MW) national

(MW) (MW) 2019 generation

2007 2015 (%)
USA 2687 3450 3676 0.3
Indonesia 992 1340 2133 3.7
Philippines 1969.7 1870 1918 27.0
Turkey 38 397 1526 0.3
New Zealand 471.6 1005 1005 14.5
Mexico 953 1017 962.7 3.0
ltaly 810.5 916 944 1.5
Kenya 128.8 594 861 38
Iceland 421.2 665 755 30.0
Japan 535.2 519 601 0.1
Costa Rica 162.5 207 14.0
El Salvador 204 .4 204 25.0
Nicaragua 79 82 9.9
Russia 79 82
Guatemala 53 52
Papua New Guinea 56 50
Portugal 23 29
China 27.8 27
Germany 8.4 27
France 14.7 16
Ethiopia 7.3 7.3
Austria 1.1 1.2
Australia 0.2 1.1
Thailand 0.3 0.3

Total 9,731.9 | 12,635.9 15,406 -
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Figure 9: Simplified schematic of a basic binary

Page 32



ol ol G5l g (2losS e 535

Page 33

Heat
Exchanger

Production

Well

‘_;QLT).U.GJ ,_l...l>“ > L}i)i

Pl (6l S o5 g 3 G 0 0ud 00 10 Ol jpns

o ol (45,0 o 5350 g o ey 1

oS ey Sl ol pinns .2

Jole Jlws 5 (2lo S oy Sl 0 (51> slo Jowe .3

JrS s 55531535 —Cmtysd 4

S3lw 05033 g 591098 wiass ¢« 41956 Jlw jguilais™.5

(Uele) gl Jhow 0385 slo ooy pinsns .6

(sb o 5 St ouisS S (apns) Ol (ol wiins 7
(up back) slosy ewas .8

(05 & 00 By Sl 32,5) o5y Dlasls gds T 9

Cosl Jlesl LB ay gl Jlw 51 & > colabl piagw .10

Turbine

ng rator

Injection

Well



ol glesily Gl g (alo)S oes 555 &l ppa Ll o)

5 olS5 5 ool ialdl 4y Coms s REgENETAtor wile il5mgzs 5l ool b sl 55 4y o3¥ az ]l

3 glite Hob a0 Jlw 0 Jlaml 51 L3 Els Jlw sl )8 o jo o5 el 51> Joawe 43 Regenerator
il oles 3 LS 0,055 L b £ sole o 1S el ool (6l w398 (cn 0,030 > (63l 0y Lasme K
QS o od Lo )S aS e 0gh oo ulx 0w Jlw b Jlw s

S Sl 5o Jlw 0l Jlaw Gled ilgs o (G4 Jowe Bib g0 Jlaw < ouisS Lal Sl sl Jawe o
ey i (0 sl Wb Cuz 50 (Gl e Gkl e 5 e S b 1y () Gl Al ye

S o oolitul S b gl a5 > &y a0 T8l 5l el Yogone 058 o 0ils S 5

gl lxisl a1 )3 50 5 Sl danngs aio L Job 0 a5 3 ale (5,5L8 o 5 e 5l (S oS Lol 2l S
85 1,8 oolatwl 050 wily sl 0,55 o

c oyl el lied 059 el 45T Sl ¢ ol colaiul olge ple

Turbine

Heat

Exchanger Generator

Regenerator

Condenser

Tower

Production IREEtion
Well SE | |

Page 34



o ety il g ale)S (o5 555 ol yas b o)

o8 g, g9 pl yo . aiS adg 5 Wlgs o (0,5 Ol axy0 Ae 90> 10) (69959 Jlew lod JBla> L aS o 6L

s Sl 5 O 5l S5 Jole Jlows

Turbine ! § )
. Ge tor

Valve
Heat S

Exchanger

Separator

Regenerator| ——

Heat 1]
Exchanger
T o )

Condenser pum.pCoollng
Tower

P Injection
Well

30 Sl gy 5 sl o ST 550 b oSy s w8 (e PN jskaie 4 ple)S o) Sl o8 gy 5l pam o

i s )l B oolaial 8550 S b S5lge Dygo 4 ]y Al

Turbine Generator Cooling

Separator Condenser

Turbine

Condenser] |
o

= | iy
Tower

Heat
Exchangern

Generator

Production Injection
Well Well

Page 35



ol ool Gal3dl g (oS e 555

> 175°C/ 350F

dJLT)...,.a.» ul:.l> u-i)i

<175°C/ 350F

Steam
Dominated

Resource Water/Steam Mixture

|

Water Dominated

'/ High Enthalpy (Direct Cycle)
)

Geothermal
Steam

Configuration

Dry Single Double or
Technology Steam Flash lTi?a’;'ﬁ
‘emerging
technology

Geothermal
Brine

Secondary
Fluid
Heat
Exchanger
Kalina ‘Hot Dry Rocks
or or EGS
ORC

=955 Jlow (Saoluoge 5 Wlasino (wlel p )b sl ol privwa & 95 (G ol

S

.. - .- ‘
1]
L]
1]
beme=

]
E Optional

j TG

==
8

W Production well WV Wellhead valve Silencer

Cs Cryclone separator BCV Ball check valve Muoisture remover
C8V Control / stop valve TG Turbine / generator C Condenser
P Condensate pump E Evaporator FH Pre-heater
RP Reinjection pump RW Remjection well

A Cuy g5 5 iy ol gl Ky ) Bl

Page 36



ol ool Gal3dl g (oS e 555

Well

Submersible Pumps
Well Head Equipment
Logging Technology

Power Island

Steam Turbine & Generators

ORC systems & expanders
Condensate & Re-injection Pumps
Air Cooled Condensers

Power Services

Remote M&D

L;JLT)M ul:.l> u.:)]

Power Delivery

Primary Equipment
Power Sensing & Quality
Protection & Control
Energy Services
Automation

Remote M&D <1

Page 37

Binary/
comkined

Single flask Double flash

Dry steam

Back~
pressure

cycle/
hybrid

MG.A

W aa) g dlaad Auas

9o

s34 £ g sl g3 A

r Plus Variable Speed DOrive

Lift Plus Pump

Bura Plus Seql -

KR
Dura Pius Motor gegess
~,m

N —

Ace Plus
Gas Handlér

L Se s seees moameil T

e &

__PowerLine
Cable

"“ - - -
o “ 3

e < Eage -

[t F— S 5

;' Perforagtions
-

&) AL ola Calida (Fas o &l jugad laila



ol glesily Gl g (alo)S oes 555 &l ppa Ll o)
AL s A gla aaly (19

Jleyishs G oo b Ll o ilier 5 5 Saedges 5 (S (ol e (255 slaasly Gl LIl o
6l ol (gad g ole iz b oKy & jglome o ale s (ladsly i Lisl 45 (5,5b len il odd o
Bl o 25,05 Glaoly qope Sy iz dsd e i bl 5l 2 gym T Ll s T L Yaene 5 0ad

Ysare ol o sbrosly ol @Bl olgs asil Jsl wijle oo saloie Jloyis55 (635 o ol5g 50 o 5l Jboisss

Sl o9, aSle )0 Wylo 555 (LS Sl Jlu JUl bolas 5l ol ju (2555 slo axly 4l oo
4 saaite slaly acgazme 1) OF Jbu a5 wlo 595 1 g g diwg oo 4 dlg) bolas | laseie JLey595 35

B G5l 55 sye 4 Line oy conl Ll Youe JLsla alou adpany sloasly Shs cny aies
S9) p 9 odd j9> g Ll SHASS (69, p &l Joe les o L@]Qwﬁx&&@“buw’“éu ool yo

..\.’9....: < )‘5.».4.: (ULMT J»o.} u.s.lalﬁ l.’) ool 4.:[.: g_i)

g 00l Cewd A5 ore 10 il 3l e ot a5 Cenol (pl AB L s Yaaw laasl g S18 Ll 5l (SO
Slles £58 nl 955 o Jolo plaabl S0 4 il BB Jlail g szl (ooled o (le 0,hae 5 T azss )0
sl ol s s plasl (gl ks 0550 ylo) Dde 10 (6,5 i malS el gl SIS (gslail ol g s

— =9y Jo BB g o llin) ( S> 8 s o s el ol algs Jleis] clalicél 23, 5 Sleads

2,5 ST Ll 5l (510 050 g duiles plodl & ledl (35liw 206 51 gy 0le VY51 a8 8315 3o il (g0 1 (6 ]
oly g cle gl ol Jlil sas ol G s ole V-V 51 2eS B,b o 1) oty ol )l o0 5L O a0, e
V7 adsi £9,5 b ole ool a5l Jloyigy g oatd SS9 dazr aie SG (595 2 655 10 o9 So sl
(SBLiST s ol (55, (BB S>o5 o axly gl ol 5l ol saas milie 5 (SO sl o3Y ley Jle

20,8 oy gy bl aie e b )lg oo sl A A cnl gaien g e Sl

Page 38



o ety il g ale)S (o5 555 ol yas b o)

Gorgon FR9 Power Gen. Modules
GE is supplying machinery for the LNG cooling, C02 sequestration and energy production.

o 5MS9001E GTG Modules
o 113MW power each

o Control cab & aux. systems fully
interconnected and wired

o Construction + FSNL in Avenza yard
o 48x22x28 m, 2300 tons

SeaSmart Offshore Package™

Offshore power generation module based on LM2500 or PGT25+G4.

o Complete, factory-tested package
o 24 years durability

o 100% of components integration
o Plug & play control cabinet

o All on-board auxiliaries

o 60% less cable laying

o 40% less interconnecting piping
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E = Preheating section
F = Deaeration section
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Boiler
GE installations represent
30+% of the world's fleet

.--.s:—' =§-" Generator
"f =,~7 ALLOEM brands

supported (30+)

Air Quality
Control System

2,800+ industrial
systems implemented

§ oy _\

l [ BaIanceofPIant

« Water and steam

cycle systems
Steam Turbine

~40% of steam turbine solutions are
performed on cross-fleet assets

« Electrical/mechanical auxiliaries
» Plant cooling water system
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L= « (heat source) s l,> soe S 5l a5 el (power generation) G, ods w6 55 JS&
5 00,5 ,o (working fluid) Jele Jlw <O )] aile g ol dga oygen (cOOling medium) sous' s
LS o oolaiwl jauSTe )6

g0 ol 1y 5 el asile )l aolie 5l (gles i cids Wlgs co pimas (o]
(geothermal hot water) Jl 545 0,5 ol
sibe Al slacs g a5 (internal combustion engines) sls Glyis! sloygige 5l (o>9,5 58
.a5lyem o (fuel 0il) wgsle U (diesel oil) Lo g5 « (Iandfill gas)alt; ;b8 55 (ks 5

sl b 55 JB o (waste heat sources) ! 5,l,> 5,5 ol glgsl

ooy YU L2 4 o R-134a wislen JT oS 5 5 Yoano a5 (55,5 50 ol Jlow 1) JS5 s a5 b

w35 (evaporator) ,glnlsl ,o 0g3ge &)l gie byl Jols Jawgs o)1 5l e g 945 o(pump)
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Heat source

i

Licquid Napoar Power

Evaporator

Pump

Condenser

LicjLicd Wapar-licuid

‘L mixture
Hest expelled S L Ad o K al Sl 25 s

T = Expanszion turkbine, G = Generator
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(steam ,Lg a1 51 ey g 0 g0 (milosS Ol as JBBu o ys5 (29,5 ,Bu ol 5l aw 0,5 o )8 g 55]

oSaly JSew ;o R-134a asle JT Jlow 6 a5 olKin . 098 oSS JSew b 09, o0 egeNETALOT)

2155 o ORC L (Organic Rankine cycle) J1 .SSl, IS (JSw opl @0 o0l g so ooliwl
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Turbo expander - Technical specification

Power output (per stagel 5-50 MW, 50/60 HZ
Spaad 3000 - 120,000 rpm
Pressure Ratio up to 14 bar
Inlet Pressure up to 200 bar FHy < 26 Jg“‘“
Temperature -270° Cto 300° C colo jus]
Installed Base 3200
* o‘).o& L GE
All pure or mixed fluidsaggressive
environments ) ul soa
Liquid up to 30% of weight at discharge
Patents 120 +
Generators
Driving Centrifugal Compressors
Dynos
N° p Speed Inlet Inlet BExhavst
UNIT Plant Location Geothermal System Frame {HP]r Press. Temp. Press.. Ship Date
RPM Bar-a *C Bar-a
2 CALIFORNIA, LIS, BYNARY — ORC (IC4) &0 7169 11000 345 138 3r 1984
1 CALIFORNIA, 1LSA, BYNARY — OFC (IC4) &0 7169 11000 345 138 ar 1987
1 CALIFORMLA, LSA DIRECT STEAM &0 4845 15000 183 208 93 1940
B CALIFORNIA, 1LiSA BYMNARY - ORC (IC4) G0 7169 11000 345 138 3r 1940
4 NEVADA, LISA BYNARY - ORC &0 13728 9000 355 146 46 1992
1 CALIFORNIA, 1LSA, DIRECT STEAM &0 15687 12500 211 216 B85 2000
1 NEVADA, LSA BYMARY - ORC (IC5) 50 1744 13000 92 112 1.2 2000
1 HUSAME, ICELAND BYMARY — (KALIMNA) 40 3376 25000 308 119 6.5 2004
1 BERLIN, B SALVADOR BYMARY = ORC (IC5) BOS 12950 6500 212 159 18 2006
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No. | Properties R134a
1 Boiling Point -14.9°F or -26.1°C
2 Auto-Ignition 1418°F or 770°C
Temperature
Ozone Depletion Level | 0
4 Solubility In Water 0.11% by weight at 77°F
or 25°C
5 Critical Temperature 252°F or 122°C
6 Cylinder Color Code Light Blue
7 Global Warming 1200
Potential (GWP)
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Spray forming of
superalloy
on gland part of rotor
(Improvement of
corrosion resistance)

Hollow nozzle
(Moving blade protection
against erosion)

Integral Shroud Blade High efficiency 3D-Designed Blade

(Low vibrational stress) (. (( / / / > /
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Figure 5: Simplified schematic for a single-flash plant
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Figure 6: Simplified schematic for a double-flash plant
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Product Power Output Range (MVA)

GEN-W
GIGATOP 2-pole "I"”””""I"""""”I"" 600-1400 MVA
GEN-H

TOPGAS "I|”"""”I”"""l""”I” 280-710 MVA

GEN-A

TOPAIR ””""""l” 200-400 MVA
GEN-A

TOPACK 11| a5-200 Mva

O3S adg 0e,0 99 el b oylgs MVA 1400 sgo b sl wdad 2 L s Ol (g o
(GEN-W: Water-Cooled) s of Jus -1
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Frequency 50 Hz 60 Hz

Power factor 0.8t0 0.9 0.85

Apparent power 600 MVA to 1400 MVA 600 MVA to 1050 MVA

Efficiency Up to 99% Up to 98.9%

Terminal voltage 18 kVto 27 kV 22 kV to 26 kV

Reliability* 99.996% 99.996%

GE i ol 555135 (o6 ol
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Frequency 50 Hz 60 Hz

Power factor 0.8 0.85

Apparent power 320 MVA to 710 MVA 280 MVA to 690 MVA

Efficiency Up to 98.9% Up to 99%

Terminal voltage 18 kV to 23 kV 19 kV to 25 kV

Reliability* 99.715% 99.715%
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Frequency 50 Hz 60 H
Power factor 0.8 0.85
Apparent power 200 MVA to 400 MVA 200 MVA to 345 MVA

Efficiency Up to 98.9% Up to 98.9%

Terminal voltage 11.5kVto 22 kV 13.8kVto 22 kV

Reliability* 99.911% 99.911%

Yo ol g S lga 95155 (3 lasie 42 S

Frequency 50 Hz 60 Hz
Power factor 0.8 0.85
Apparent power 45 MVA to 200 MVA 45 MVA to 200 MVA

Efficiency Up to 98.7% Up to 98.6%

Terminal voltage 11 kV to 15 kV 13.8 kV

b Ol g SIS e 55155 8 Slasie 43 IS
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1:Transmission losses = 1546 kW
2: Separator Lossess = 1221 kW
J: Turbine Lossess = 5489 kW

4: Condenser Lossess = 26098 kW
4a: Cond. L. Cooling Tower = 11358 kW

5: Waste brine
Lossess = 46322 kW

6: Power Output
=31105 kW
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