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*Rankine Cycle : Scottish —William J. M. Rankine (1820.7.5 - 1872. 12. 24)

Working Fluids — Water

*ORC Cycle : 188341 frank Ofeldt} °©|= ==
Working Fluids — Organic (Isopentane (C5H12), Butan, R-22,
R-123, R245, R246 & EMXE MHIF)
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Metal ind non-metal heating

Thermal Oxidizers and
Other

‘ Smelting

Distillation : —
Columns- Boilers I Calcining
- Metal meltin
i i | Metal g
Fluid Heating | | metony o
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200°F I 3000°F

~95%C I ~1650 °C
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Drying = Nonmetal melting

i Curing and Forming
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i
i
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Metal Heat Treating
I

Agglomeration/
Sintering
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Organic Rankine
Cycle

70 ~ 350° C

8~22%

1KW ~ 5MW

160 ~ 7502+&

s

d7%E a8

HRSG

Heat Recovery
Steam Generator

500 ° C °|%

30 ~ 40 %

TEG

Thermoelectric
Generator

100 ~ 600° C

4 ~ 8%

100W ~ 100KW

800 ~1,0002+z!

AMTEC

Alkali Metal
Thermal to Electric
Converter

600 ~ 900° C
20 ~ 30%

20 W~
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Organic Rankine Cycle Steam Rankine Cycle

Turbine Steam
Erblne

Evaporator
:- vap .Bailer

F w

.Condensor o Steam
Condensor
Feed Pump Feed Pump
- w7140 ALO|2 - 57| AIo|2
- BX2 E¥(100~300°C)0M E= =2|51H7| 28 - EBHUYXIE 7|A=e L2 HEl
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Turbine Efficiency

>/ = 10MW 70 ~ 80% 75 ~ 80%

1 ~5MW 50 ~ 70% 75 ~ 80%

200 ~ 500 KW 30 ~ 50% 78 ~ 80%

10 ~ 100KW 25 ~ 50% 65 ~ 75%
Economics :

ORCs have higher in economics than steam to cases:
<538 C and <1 MW.
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o= STG ORC MSRG

(Steam Turbine Generator) (Organic Rankine Cycle) (Micro Steam Recovery
Generator)
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Of| AF A 2t Ok 60kW 0| 5t
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Steam Rankine Cycle
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ORC

WORKING FLUID

EXPANDER
GENERATOR
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Temp.

Preheater

Feed
Pump

# { Vaporizer/ ; /

Turbine

e ——
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Entropy

Heat Exchange Length

—Water

—Toluene

—Heptane

—Pentane

—R123
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—R134a
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Organic Rankine Cycle

Steam Rankine Cycle

R24812
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Z|Z= Package2i={ = ofM|OIA|MIEREL Al CHB| 1/4 == (10m X 16m Vs. 20m X 30m)

500kWe Package 12 x 2.4 x2.9m Box
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# Turbodensx, % Pratt&Whitneys, % Ormatsit, £ BEPH 5
**  System ModuleX} ZI°¥ Al — BEP(50 ~ 500kW), Turboden (1MW ©|4) **
(® Turbine F=&A
Barber-Nichols (Radial Type), Concepts NREC(Axial & Radial Type), BEP(Expender Type)
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Hot Water

Temperature

100°C

Flow

60m3/h

Power

135kw

Efficiency

6.45%
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R-201

100 /kW x 135kW/hr x 24hr/day x 330day/year = 1
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Output Power
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Generator
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ORC Package AI&°|2t ?

3 BR[O B SAIZE T °o|F 0= & 23| (0il Heater)2f Air
conditioner2t 2te| al2|1|of| *iTCH= Cooling Tower & M2t -- FTEM|, TGU,
Condenser(-3-=511), Feed Pump 2 ControllerE vlLI2] Box= BIE UMY ANS

« 2 Platform : 50~150kWh, 250~500kWh
« 2UH 82 50~500kWh Package M=
. MR, NB, ASH 7|2 A48}
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* Expander(Turbine) H &
© U BEHSo| i 2 MY S

+ 24 8F iH]| & 50%0ME 7HSE

MAKNL L 10/28/2014
! Ea EE kWh Stat[5t|CS 17:47:09

Eriergy cost 'n:iusmr:l 0,001 O
Cp Hat Mecium; 4.200 Jjem? K

Actuial power:
237 .60 kw
Average power:
200.72 kw
Total power:
333110.7 kv&
Running Time:
1759 h 15 min
Saving energy cost:
353

Alarms &
CS Emor
Parameters

Start / Stop
Parameters

Marual | Produced | Synopti o
Operations kwh Confrals

n

Previous System
Screen
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1). Quevy Vanheede Biogas

« Site & Process : Belgium, CHP

« Operation : 2012.07

 Heat Source : Hot Water 88C

« Power production : 40kWe net.

- Application model : E-rational 1000/50kWe

L il ‘Wu '

Waste hea’r recovery in blom(]SS mstollahons




i ORC Package &dA|Alz] =,

2) Norway Altstom Industrial Process

« Site & Process : Norway, Factories

« Operation : 2013.06

« Heat Source : Hot Gas 290°C

« Power production : 70~90kWe

« Application model : E-rational 1000/90kWe

'
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3) Belgium Oostende Proviron Waste Steam

« Site & Process : Belgium , Chemicals

« Operation : 2010.05

- Heat Source : Waste steam 3.5bar, 3.5ton/hr(Max)
« Power production : 200kW net

« Application model : E-rational 4000/250kWe
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4) Japan Ibusuki Geothermal

Site & Process : Japan, Geothermal
Operation : 2014.06

Heat Source : Hot Spring Water 104°C
Power production : 200~299kWe(77~115%)
Application model : E-rational 4000/260kWe
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5) Germany Hovelhof Biomess

« Site & Process : Germany, Electric power

« Operation : 2014.04

« Heat Source : Hot water 90°C

« Power production : 315kWe

- Application model : E-rational 4000/315kWe

ORC4000/ 315k We



ORC & Maintenance

.ﬁ.xlﬂ/\ O /\

1) TGU & /A [25

2) T2 45A{v}

* ORC & #*|=2pH| cjiote = add|d[2] 3%

9] 217y

1) 0|E-3-g2| |4 - FoEFo| alvlch

2) System2| & - £t == HE



ORC 2] Maintenance

Turbine2| &*|2




i ORC £{ Maintenance Grre)

g2 I3

Heat R245fa Exhaust to
Source Evaporator Stack

Inlet Control

nlet Control

nlet Control
Valve




TEG (Thermoelectric Generator) =F 7 Girro)

TEG(ThermoElectric Generator) B
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TEG (Thermoelectric Generator) &7 Girro)

1.Et=T A|AEL 2% (Compactness) > &1 A|-8-9|
2.7FE (YA SAl, HAIiZF °|F A%+ > Maintenance §-°|

3. SotEEe| ATt A(HAEH ZF/2==)°l thi-E s

2o A5 O|H-3E °|-3, Trouble2]| =A%}

[
-

= [ |

current &
&

| EJ:-'._-I -|(TEG) AI A E-II

s i > No moving parts ! ]
| > No mechanical engine!

Heat Engine
(Steam/ORCS/Kalina)
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(12W 3EA Unit ] ! . ' ey 2 [ Truck & 330W TEG & Unit ]

[ Hot GasE 0|22t 50W
YGMUXT| O] X ]

[600WS SHUH T AEH]
-300mmL x 285mmW x 179mmH -
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O a&lF-8 STET AN2E dA]ANED R 4578

- CHAY R AAI(E, 28 2T1E =) A AlSE T2 G

-

AAEle| =g}
- ZT&=H: 5.4kW
- Bt &% 52Nm3/min(ZH A 3~4%),
- o= 285C >167C
- =8 78% (=] 1.17kW)

at
e
=
2
e
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NE 2
""" " goj 9YULE =160°C
rrrrrr A Qoj gULE =170°C
o I 9Ye: =180°C

3.0 : :
300 350 400 450 500 550 600
2o & [L/min]
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Komatbu (Japan ) 5kW - Plant Waste Heat(ZIEtedA|2|=)

Power system swiiching

/ 8 (Battery moalion) Moniior, survelllance (Overheat shem)
o= o - =
! P i iy [Nicmnie, sarveilimnce (Abaovmal waer ]
10OVAL | temperatioe alarm ) i
Monice, aaveillnce
( S (Abowwrmal water deve| alans) I
- 25 - : 1; ¢ |
Fhacomescent hights 6= “a
ol Awan Plam command Saquincer
Complse tombustcn gas
Ibermoelectine wait
lnverser > :
—
MPFT charge
Banery h.u‘
conrmbes

Mumtor for the smoum of
power genermad
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Grobal TE (Canada ) TEG Package

Pipeline: Offshore:
Production: 1500 watts 200 watts
220 watts pipeline block valve station communications and safety
gas production and cathodic protection - Andes Mountains, Peru

: equipment, multiple systems
- Arentina - Thailand
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Alphabet Energy (U.S.A) E1 TEG Package

W

_— v &= : 25kWe
- v Size:25x49%x44m
vV % :9 ton
vty . BA| US$250,000- FOB

»Turnkey solution
- Short installation time

300 m?/min -y
200 ” g -
E1l I3 al
— ¢ Kooling water
300 mifmin { _—
500-550 °C P —
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1. &2T7|(=H], M8))| T &TFCH gote] Tt =5
O] CHRYE =8jlda]f] -8 A AlE

2. PGM2| CIo#2} - = Clodet &
MZ§, T M4, 4 T HE Cfofe
3. PMMTTLe] M - DE&
SRl ZT #H°l F= 0.5, FF 1.6~ 3 °|¥a& |SE= JAA| R
4 2 4 0|FEA e N Y
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( 1MW ORC T4 ¥ °ll) -- RPSAI=2] %= A<
1. dd] % 3t : 15 ~ 2044

2. A= WFAI2 R FE - CHR24AI2L, 23701 3002 F(FE 82.2%)

.3 &% 1MW (D] 304 |, Mmool go[Tt 42 o)

>
[2

aF T AHLEF 1,000 KWh x 24 Al x 300 & = 7,200,000 KW/

o
[2
Fl
[

1| Ztofjef : 7,200,000 KW x £&ted-8- 1053 /KWh = 2§7.56 2

6. 230F 290 N /A= y|§-: 0.5¢H(2IMy| ZH)
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7. 40 Bt HiIEHA el 2 - 2,018 B/ x 18,600 & /& = 240.38 2

- o4t BrA HH&ESF : (7,200,000 KW / 1,000) x 280.33 = 2,018,376 KgC

7] 1,000 KW oreds +H°H S22 Al-8-A] Bf2 & : 280.33 KgC

7] 1,000 KW ¥ oreds HOH 5% Ar-8-Al B Hlil&@=F : 220.70 KgC

St HiER M2l - 2f 18,600/2(091 11.92 EUR/tCO2, 1EUR=1,5602)
8. At F o ©T| Zhoff + BiA vij&EH M2 = 7.94243

9, 2t F H|-§ : &% N /HA|2H| = 0.6

10. 230 gof2] : YAk FF el — A0 FF H[-§ = 7.444 ¥

11. A S 3t : F FA1Y [ 237 02 = 302X [ 7.442{H= 4,03
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Power Rate - $/kW-hr

$0.40
$0.38
$0.36
$0.34
$0.32
$0.30
$0.28
$0.26
$0.24
$0.22
$0.20
$0.18
$0.16
$0.14
$0.12
$0.10
$0.08

$0.06 -
$0.04 1
$0.02

$0.00

Energy Equipment - Simple Payout, $0 Energy & Operations Cost

Capital Cost - $/kW

/ /
/ /
/ /
/
/ / P
/ / ~
/ / P
I / / o] 5 Year
4 )4 o — | it
l / / 3 Year
, / ™ o Year
l / _‘/fr ___,,-"'"'-— o Year
/ / /l"'"r : f' o Year
l / 7 rﬁ:; ] :
_l / _r_..ﬂ"’"::i""f 1
s /A-"‘"—'—r :
= |
$0 $1.000 $2,000 $3,000 $4,000 $6,000 $7.000 $8,000

( US.A DOE =t&)
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Tel : 031-479-2947
Fax: 031-479-2870




