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Introduction
E Company Name: HanPower Energy Tech. Co. Ltd.

https://hanpower.com.tw/

B Founded In January 2015

B Parent Company: Hanbell Precise Machinery Co. Ltd.
http://www.hanbell.com/index.html

B Factory: Youth Industrial Park, Taoyuan, Taiwan

B Office: Nanjing East Rd., Taipei, Taiwan
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HANPOWER

Vision
Be the best supplier for low-grade heat conversion,
ORCs and Steam Turbines, and services for customers.

Mission

HanPower insists on environmental-friendliness, non-

stop innovative technologies, providing tailor-mad
solutions to meet customers requirement, helping
customers to realize the waste heat recovery and to

develop renewable energy.
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Products & Services

1. Low Grade Heat Recovery

B Screw Expander ORC ( 10kW ~ 300kW)
B Turbine ORC (250kW ~2,000kW)
2. Steam Turbine Genset ( 50kW~6,000kW)

J Engmeermg Procurement Constructlon

W

E&P P&C EPC
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HANPOWER Products & Services

ENERGY TECHNOLOGY

Screw Expander ORCs

E Engine Core

» Dual Screw Expander + Generator
E Type

» Semi-Hermetic Type

m Screw Expander = Induction Generator?
» Open-Drive Type
B Screw Expander - Coupling 2 Synchronous Gner ;
B Product Characteristics ] “ N
» Capacity Range: 10kW ~300kW
» Turn Down Ratio: 10%~110%

> Life > 20 years
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HANPOWER Products & Services

Turbine ORCs

B Engine Core
» Single Stage/Multi-Stage Axial Turbine + Generator
E Type
» Semi-Hermetic Type
@ Turbine + GB 2 Induction Generator

» Open Drive Type

E Product Characteristics
» Capacity Range: 250kW ~2,000kW
» Turn Down Ratio: 30%~110%
> Life > 20 years
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HANPOWER ) Products & Services
Steam Turbine Gensets

B Engine Core
E Impulse-Type Single Stage
E Models

B Back-Pressure Steam Turbine Gensets
& ST > Coupling > Generator
& ST > GB > Coupling > Generator

B Condensing Steam Turbine Gensets

B Product Characteristics

B Steam Pressure

@ Inlet Pressure < 60bar(g)

& Outlet Pressure < 20bar(g)
B Capacity Range: 50kW ~6,000kW
B Life > 20 years
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HANPOWER ORC
Organic Rankine Cycle
Heat engines, using low B.P. working fluids,
convert low grade heat to power (H2P).
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HANPOWER ORC

Energy Saving

Q”)@

Geothermal heat, hot spring

Solar Field
Piping

Biomass heat Solar heat

Renewable Energy
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HANPOWER ORC

ENERGY TECHNOLOGY

Arrangement & Key Components

Model Engine Core Heat Exchanger Control/
Hermetic Genset Communication
Induction Pre-heater
Generator (Plate/Shell-Tube)
Open Drive Genset
Evaporator
Synchronous (Plate/Shell-Tube)
10~300kW ' Generator
couplin
. Recuperator
Hermetic Genset (Plate/Shell-Tube)
Induction
Generator Condenser
(Shell-Tube/Plate)
Turbine 0O .
en Drive Genset
ORC P
Air Condenser
_I> Synchronous (fin tube)
250~2,000kW Generator
coupling
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@ HANPOWER ORC

ORC Unit

oil separator condenser

cooling wateres
outlet

expander genset

evaporator

hot water
inlet

hot water

working fluid pump
outlet

oil pump

Copyright 2023 ;ENAERRIH




(@) HANPOWER ORC

ENERGY TECHNOLOGY

Screw Expander ORC Facts

® Patented high efficiency rotor profile
® High reliable & robust rotor-bearing system

B High Performance Generator

® 50/60Hz Induction generator/Synchronous generator
® \oltages : 220, 380~440,3K/6K/10K

B ORC Characteristics

® Series products
® Power range from 10kW to 300kW
® Tailor-made to meet users’ requirements
® 100% owned technology & MIT

® High turn down ratio: 10%~110% power output

® Hermetic Type/Open Drive Type

® Product life time over 20 years

B High Performance Screw Expander \\ v
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HANPOWER ORC

ENERGY TECHNOLOGY

Hermetic Screw-Expander Genset

Generator Expander Coupling Generator
Rotor Rotor Rotor
Outlet )

Expander
RotQr

: Generat
Bearings GeSr:Z:g:Of Bearings Seal esrlzgror
Hermetic Type Open Drive Type

O No Coupling: Common Shaft X Coupling: misalignment, Vib. T

O No Mechanical Seal X Seal: Leak-off, Maintenance T

O No Fan: Working fluid Cooling X Fan: Reducing Generator Eff. {
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(@) HANPOWER ORC

B High Performance Turbine

® Axial type, simple construction
® Rigid rotor, no resonance through operating speeds.
® |Isentropic efficiency > 80% (1-stage), > 85% (2-stages) §

B High Performance Generator

® 50/60Hz Induction generator/Synchronous generator
® \oltages : 380~440,3K/6K/10K

B ORC Characteristics

® Series products

® 250kW ~ 2,000kW

® Tailor-made

® 100% Made In Taiwan \
® High turn down ratio, 30%~110% power output
® Hermetic Type/Open Drive Type
® Product life over 20 years
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ORC

Hermetic Type Turbine Genset
Hermetic Type

O No Mechanical Seal

Open Drive Type

O No Coupling: Common Shaft  y coypling: misalignment, Vib. 1
X Seal: Leak-off, Maintenance T

O No Fan: Working fluid Cooling y Fan: Reducing Generator Eff. ¥

TURBINE

GENERATOR

‘COUPUNG

TURBINE

GENERATOR
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(@) HANPOWER ORC

ENERGY TECHNOLOGY

Applications & Services

B Low-Grade Heat to Power (H2P)
B Industrial waste heat, geothermal heat, biomass heat, solar heat

Heat Source Hot Water Steam Flue Gas

Application Temperature =380°C =70°C =150°C
E ORC Provider

B Optimizes ORC to meet heat sink/source conditions
B Provides a variety of ORC layout and power rating

B Total Solutions
B Requirement analyses
B ORC system and unit Optimization
B Installation & commissioning
B Logistic service
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HANP{WER ORC

ENERGY TECHNOLOGY

Hot Water (Oil)/Low Pressure Steam

@ System Engineering
1. System/Sub-System Specifications
2. System Integration & Testing

% X2 U
TS PO —w—
SHELL |[AND TUBE CONDENSER
Oy
) - —_
? 9= - SN
Hot water/ &gggsgw B O
low pressure steam?_| |
ot/
|
o[ { =
Warm water/ @ ®
) VFD
Steam Condensate @ o
@ ORC Unit iecti
Heat Supp|y ) _ Heat ReJeCtlon
1. ORCCircuit 1. Cooling Tower
2. Control & Interface 2. Cooling Water Circuit
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(@) HANPOWER ORC

ENERGY TECHNOLOGY

Flue Gas Heat Recovery

T @ System Engineering

i 1. System/Sub-System Specifications
2. System Integration & Testing

Heat Extraction Fo. | ' =
1. WHB (or Economizer) Design | Eaeam
2. Flue Channel Retrofit Fe.

Condenser
(Genset

T Steam ‘ . ‘
‘ . Seperator /;L
! Evaporator -
‘ ~

: ) ’ vro B $
#.El\ui—GUS Out Flue Gas In i M-%IW m

@ WHB Eﬁ P ORC Unit Working Fluid Pump Tl

DD \ [ % T

- L, CONndensate Uttt e

CW in
CW out

-

TR,

Cooling Water Pump Coo“ng Tower
ORC Unit
1. ORC Circuit Heat Rejection
Heat Supply 2. Control & Interface 1. Cooling Tower

Steam (or Hot Water) Supply 2. Cooling Water Circuit
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@ HANPOWER Steam Turbine Gensets
Energy Transform

Pressure = Velocity - Shaft Power
% } / ] } | ‘ Steam "°N Shroud

HM |
X NI, e
&\ |
N Pressure
INR |
Velocity
‘ ( blade \ /
A
Nozzle Blade VAV
(Stator)  (Rotor) + +
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@ HANPOWER Steam Turbine Gensets

ENERGY TECHNOLOGY

Single- Stage Steam Turbine

Output shaft to the generator

Triip and throttle valve with manual reset.

Woodward oil relay governer

Overspeed trip

Auxiliary steam admission throttle valve Oil reservoirs for ring oiled bearings.
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ENERGY TECHNOLOGY

Multi-Stage Steam Turbine

Steam end
bearingcasing

@ HANPOWER Steam Turbine Gensets

Wheel cover

Carbonring
Solenoid assembly
Governor
Proximity .' " A ' 1o/
switch : [V - Exhaust casing
Governor S S
linkage ' " C
Governor ’ ‘. g
valve - ( / ' Rotor shaft
\ 2 —
A O
7 T / AL L Exhaustend
Tripvalve i‘ / =7 O bearingcasing
6",’;,'6’ , / —
/ o ’ Exhaust bearing
.‘\4 support

Steam end Nozzlering  Rotor disk Bucket holder Leak-off

Steam chest
casing assembly  assembly pipes
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HANPOWER Steam Turbine Gensets

ENERGY TECHNOLOGY

Generator Unit

@ Steam Turbine
@ Generator
® Base Plate
@ @ Reduction Gear Box

Outlet

Outlet
Inlet

Inlet
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@ HANPOWER Steam Turbine Gensets

Shaft Power Unit

E Turbomachine Drive: Pump, Fan, Blower, Compressor, etc.
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@ HANPOWER Steam Turbine Gensets

Start Sequence

Breaker
R <o //
S o (\f\ S Initiate Flow Control Valve
T $ o \\ T
N - /) N \%
—H Run at Idle Speed(~1500RPM)(~10 min.)

= i %

Open Flow Control Valve +0.2%
)).)) Breaker

NC RPM = Grid Freq?

YE
Close Circuit-Breaker

$3

\\4
Initiate Back-Pressure Control P.I.D. Block

ALL TRIP OK?

YES
Run Back-Pressure Control P.I.D. Block
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ENERGY TECHNOLOGY

HANPOWER P &I D Steam Turbine Gensets

i | B
1 TEERE
m 2| % 28
-3
b<ic] g-rk/gh /cm2G ‘ . 3 | 1001 | S
= fﬁ L AIB1153 {} SEr.4.0kg!cmG 4 | 1007 | AR ERESER
%0cC g 1A § | 1003 | LR AN
B-HP-3L2-152-HS0 = j} v b Eﬂg%ﬁ% (19) : 1:; ::zg:ﬂ
) | 6-HP-313-152-H50 ) ; =
[Cﬁlﬂﬁ o )—H?l > 6" ANSI 3004 RF T mit g0y LB s wemns
FHHES wwl” =% [AC380V/60HZ/3P3W |2 |10 eeaRe
o s - > =%l 110 108 o
=) ”Q O,i—' | ) EMNER) - milwH 11 | 1063 |mAmAE
f&l% o E H ow) 12 | 100 | WEBEGRRATE)
o Y D @ 13 | 1011 | W EEGRRHON)
z ? o 1| 1002 [mwses
3 ) @ G (10p (1005) (1006, 15 | 1013 A EDSCFSFx 32)

;
|

10°-1P-321-151-H50
):“
Yoo
g
i@ e
éé :
¢
@€
P—E3
h—E3

10._LP_32:152'H50 1° T;;'-LP-BZS-ISZ-HSU

5 m 12" CW-341-152 -

! SAKEK
ERES 10"ANS! 1504 RF

e e e T

BiE#E Ol

| 4
BRERZE 4 7,5 (E5)EE 05T/h (2GPM)

Copyright 2023 ENEERRI %



HANPOWER Steam Turbine Gensets
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Layout & Reference Dimension

Reference Dimension(mm) : L 2700 x W 1200 x H1400

Generator Coupling Steam Turbine
‘ 14" MIN. FOR COVER AND ROTOR REMOVAL
o o A
(=it
~1400mm ﬁ° i T G : e {4;7;: - = Lﬂ} — ém
1& = il Pyl - ~1200mm
| 1 - (— — o ES WT {O . OO()O gj @)
1 ] (] TR
! = —t= —t= —1 — !
— ~2700mm - ~560Mmm =
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Steam Turbine Gensets

Site Installation (ref.)

HANPOWER

ENERGY TECHNOLOGY

INSULATION - === EXPANSION
/ LOOP
‘/ﬁ\\ \
1} ‘\
; / STEAM SLOPE PIPING
i FL—O!ng. J L e s TOWARD HEADER
! S ? DRAIN
STEAM HEADER e “l
- EXHAUST
VALVE

EXPANSION
JOINT

RELIEF
/VALVE

r7rrrAy i SUPPORT

VALVE CASING AND — STEAM TRAP
SPRING STEAM CHEST DRAIN (RECOMMENDED FOR WET
STEAM CONDITIONS IN

SUPPORT DRAIN PLUGS
THE EXHAUST)

THROTTLE
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HANPOWER

ENERGY TECHNOLOGY

Vi b ra tiO n LeV e.':‘o_leam Turbine Gensets

1SO10816

Zone A: Newly Commissioned, Zone B: Acceptable for Long Term Operation

Zone C: Unacceptable for long-term continuous operation, Zone D: to be cause damage

Rigid

Flexible

Rigid Flexible

Flexible

18
%)
nH s
| e
7.1 U£
a5 88
» 2
35 [ £
= L - E5
: Z £
23 — O 5.0
== 0
14 H € U E
IZ_O%
071 | H{ 8 g 35
> >0

Foundation Support

Pumps > 15 kW radial, axial, mixed flow

Medium sized machines
15kW < Power < 300 kW

Large machines
300 kW < Power < 50 MW

Integrated Driver

External Driver

Motor 160 mm SH < 315

Motor 315 mm < H

Machine Type

GROUP 4

GROUP 3

GROUP 2

GROUP 1

GROUP
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@ HANPOWER Field Units

ENERGY TECHNOLOGY

220kW Screw-Expander ORC
B R134a Screw-Expander ORC +

Induction Generator

B Site: Chemical Plant Taiwan
B FAT D: Oct. 2014
m SAT @: Nov. 2014

(1) FAT: Factory Acceptance Test
(2) SAT: Site Acceptance Test

E Heat Source: Hot Water
& 200T/hr, 82°C>62°C

B Heat Sink: Cooling Water
& 800T/hr, 32°C>36.8°C

Copyright 2023 ENEERRI %



HANPOWER Field Units

ENERGY TECHNOLOGY

230kW Screw-Expander ORC

m Site: Steel Company, Thailand " R245fa Screw-Expander ORC +

Induction Generator
B FAT: Feb. 2016 B Heat Source: Flue Gas=> Hot Water

B SAT: Aug. 2016 & 140°C>100°C
B Heat Sink: Cooling Water

HERTEIT AL
- D &
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HANPOWER Field Units

ENERGY TECHNOLOGY

210kW Screw-Expander ORC

m Site: Solar Thermal Enerqgy, China ™ R245fa Screw-Expander ORC +

Induction Generator
® FAT: March 2016 E Heat Source: Hot Oil

m SAT: May 2016 & 67T/hr, 180°C>102°C
B Heat Sink: Cooling Water
& 200T/hr, 30°C>38°C

‘:\ vmmn |y

b

s e {| ey W

R RS - 1
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HANPOWER Field Units

ENERGY TECHNOLOGY

220kW Screw-Expander ORC

B Site: Stee/ Company, Taiwan  ® R245fa Screw-Expander ORC +

B FAT: June 2016 Induction Generator
E Heat Source: Flue Gas=> Hot Water

B SAT: Dec. 2016 @ 60T/hr, 136°C>104°C

B Heat Sink: Cooling Water
& 318T/hr, 36°C>41°C
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@ HANPOWER Field Units

ENERGY TECHNOLOGY

330kW Screw-Expander ORC

m Site: Electrical Company, China B R134a Screw-Expander ORC +
Induction Generator
B FAT: Dec. 2016

B Heat Source: Hot water

m SAT: Aug. 2017 & 105T/hr, 95°C>59.3°C

m Heat Sink: Cooling Water
® 686 T/hr, 15°C>20°C
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HANPOWER Field Units

ENERGY TECHNOLOGY

132kW Screw-Expander ORC

E R245fa Screw-Expander ORC +
Induction Generator

B FAT: Feb. 2018 B Heat Source: Flue Gas > Steam

B SAT: June 2018 & 2.5 bar, saturated
& Flow Rate: 2 T/hr

t Sink: 32°C Cooling Water

AN . B -—" —;r;lf‘ § A= 7
a « -t @ GRS o R 4
B 3 b .

B Site: Stee/ Company, Taiwan

A A - \ [
i E @y =<
vy S g |

o o 7
Nty mites |
m ] ol =
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HANPOWER Field Units

EEEEEEEEEEEEEEEE

136kW Screw-Expander ORC

m Site: Chemical Company, Taiwan ® R245fa Screw-Expander ORC +
Induction Generator

B FAT: APril, 2018 (AC380V/60Hz/3P3W)
m SAT: Feb., 2019 E Installation Area
& QOutdoor

& Explosion-Proof Area
E Heat Source:

& 3.5bar Superheated Steam
m Heat Sink: Cooling Water
&® 32°C/38°C
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@ HANPOWER Field Units

ENERGY TECHNOLOGY

240kW Screw-Expander ORC

m Site: Chemical Company, Taiwan B R245fa Screw-Expander ORC +
m FAT: July 2019 Induction Generator
B SAT: Sep. 2019 (AC33,000V/60Hz/3P3W)

z B |nstallation Area
& Qutdoor

& Explosion-Proof Area
== B Heat Source:

& Boiler Blow Down Water (40bar)

Eoay W
\\"’ b ’
T ‘ iy - fa
S # |
| [ "
- LU
i I

e L | (i —E
Al | e 3t TR

S8 ® Heat Sink: Cooling Water
® 32°C/38°C
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HANPOWER Field Units

ENERGY TECHNOLOGY

212kW Screw-Expander ORC

B Site: Chemical Company, China ® R245fa Screw-Expander ORC +
. Synchronous Generator (AC380V/50Hz)
" FAT:Sep. 201/ B Heat Source: Hot Water
B SAT: Dec. 2017 & 133T/hr, 130°C>115°C
B Heat Sink: Cooling Water
& 181 T/hr, 32°C>42°C
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HANPOWER Field Units

~ 1,000kW Turbine ORC

m Site: Chemical Company, China ® R245a Turbine ORC (open type) +
B FAT: March 2019 Synchronous Generator (AC10,000V/50Hz)

E Heat Source: Hot Water

& 197 T/hr, 127°C>70°C

B SAT: June 2019

B Heat Sink: Cooling Water
® 1460 T/hr, 26°C>33°C
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HANPOWER Field Units

930kW Turbine ORC

W Site: Chemical Company, China E R245fa Turbine ORC + Induction
m FAT: Nov. 2019 Generator (AC10,500V/50Hz/3P3W)
B SAT: April 2020 E Installed at Explosive-Proof Area

B Heat Source: Steam + Hot Air
@ T:188~255°C
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HANPOWER Field Units

ENERGY TECHNOLOGY
S500kW Turbine ORC

B Site: Chemical Company, Taiwan B R245fa Turbine ORC + Induction
B FAT: March 2020 Generator (AC460V/60Hz/3P3W)

m SAT: May 2020 B Heat Source: Steam
& 7 T/hr, 2.5 bar Saturated Steam

B Heat Sink: Cooling Water

s T S Y SR -
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HANP(’WER Field Units
530kW Turbine ORC

E R134a Turbine ORC + Induction
Generator (AC400V/50Hz/3P3W)

E Heat Source: Hot Water

& 392 T/hr, 95°C>65°C

B Site: Chemical Company, China
m FAT: Nov. 2019
B SAT: June 2020

B Heat Sink: Cooling Water
& 1460 T/hr, 26°C>33°C
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HANPOWER Field Units

ENERGY TECHNOLOGY

980kW Turbine ORC(Steam+CO2)

m Site: Chemical Company, Taiwan ® R245fa Turbine ORC + Induction
m FAT: Aug 2020 Generator (AC33kV/60HZ/3P3W)

B SAT: Dec. 2020 E Heat Source: Steam +CO,

B Heat Sink: Cooling Water
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@ HANPOWER Field Units

ENERGY TECHNOLOGY
300kW Turbine ORC

B Site: Geothermal Site, Taiwan E R245fa Turbine ORC + Induction
B FAT: June 2021 Generator (AC380kV/60Hz/3P3W)

B SAT: June 2022 B Heat Source: Geothermal Liquid

B Heat Sink: Cooling Water
& 30°C>37°C
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@ HANPOWER Field Units

ENERGY TECHNOLOGY
400kW Turbine ORC

m Site: Geothermal Site, Taiwan E R245fa Turbine ORC + Induction
B FAT: May 2021 Generator (AC380kV/60Hz/3P3W)

m SAT: Sep. 2022 E Heat Source: Geothermal Heat

& Steam + Liquid

B Heat Sink: Cooling Water
& 30°C>37°C
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@ HANPOWER Field Units

' 550kW Turbine-ORC

B Site: Geothermal Site, Taiwan B R245fa Turbine ORC + Induction
B FAT:June 2021 Generator (AC380kV/60Hz/3P3W)
B SAT: Oct. 2021 B Heat Source: Geothermal Liquid

& 90 T/hr, 140 °C
& Heat Exchanger
& Material: Titanium

& Plate Type: 3 +1

m Heat Sink: Cooling Water
@ 30°C>37°C
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HANPOWER Field Units

ENERGY TECHNOLOGY

680kW Multi-Satge Turbine ORC

B R1233zd Turbine ORC + Induction

B Site: Chemical Company, Taiwan Generator (AC11.4kV/60Hz/3P3W)
B FAT: June 2022

E Heat Source: Steam
B SAT: Nov. 2022 & 7.5 T/hr, 2 bar Saturated Steam
B Heat Sink: Cooling Water

& 486T/hr, 30°C>37°C
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@ HANPOWER Field Units

ENERGY TECHNOLOGY

70kW Back Pressure Steam Turbine

m Site B Induction Generator (AC400V, 60Hz)
> Food Industry/Philippines ® Inlet Condition
m SAT » 2.0T/h, 10kg/cm2G Saturated

B OQutlet Condition

» Oct. 2017 > 1.0kg/cm2G
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HANPOWER

ENERGY TECHNOLOGY

Field Units

125kW Back Pressure Steam Turbine

m Site

» Chemical Industry/Taiwan
m SAT
» Nov. 2019

Induction Generator(AC440V, 60Hz)
Inlet Condition

» 6.0T/h, 17kg/cm2G Saturated
Outlet Condition

» 6.0kg/cm2G

G

R 25)
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HANPOWER Field Units

ENERGY TECHNOLOGY

300kW Back Pressure Steam Turbine

B Site B Induction Generator(AC480V, 60Hz)
m Inlet Condition

» 12.0T/h, 17kg/cm2G Saturated
B SAT m Outlet Condition

» Oct. 2019 > 5.5kg/cm2G

o

» Chemical Industry/Taiwan
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HANPOWER Field Units

ENERGY TECHNOLOGY

400kW Back Pressure Steam Turbine

m Site Induction Generator(AC380V, 60Hz)

> Prtrochemical Industry/Taiwan B Installed Location: Explosive Area
B Inlet Condition
m SAT » 16.0T/h, 13kg/cm?G Saturated
> Nov. 2022 B Outlet Condition

» 3.5kg/cm2G

| |
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HANPOWER Field Units

ENERGY TECHNOLOGY

500kW Back Pressure Steam Turbine

B Sijte B Induction Generator(AC400V, 60Hz)
m Installed Location: Explosive Area
m Inlet Condition
m SAT » 9.0T/h, 35kg/cm2G Saturated
» Oct. 2017 B Outlet Condition
» 3.5kg/cm?G

» Prtrochemical Industry/Taiwan
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@ HANPOWER Field Units

ENERGY TECHNOLOGY

1,000kW Back Pressure Steam Turbine

B Site B [nduction Generator(AC11.6kV, 60Hz)
> Fertilizer Prtrochemical B Inlet Condition
Industry/Tai
] SATn ustry/Taiwar » 20.5T/h, Z.l(:')kg/cmZG Saturated
> Oct. 2017 B Outlet Condition

» 5.0kg/cm?2G
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@ HANPOWER

ENERGY TECHNOLOGY

Thank You
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