Grof Gyula

A HOHASZNOSITAS KORSZERU
MODSZERE:
AZ ORC KORFOLYAMAT
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TEMATIKA

— Organikus (Szerves) Rankine Ciklus ismertetése

— ORC - Milyen hoforrasokra kapcsolhaté az ORC Kiseromu ?

— Elektromos energia termelés flistgaz alapumaradvany hobol

— ORC Triogen Kiseréomu

— Elektromos energia termelés meleg viz bazisu maradvany hobol
— ORC Green Machine Kiseromd

— Példak, lehetoségek a Kiseromivek telepitésere

— referenciak bemutatasa
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RANKINE CYKLUS

1. Kazan 5. Transzformator
2. Szurd 6. Kondenzator
3. Turbina 7. Hultétorony

4. Generator

wturbine

Source: Electrabel

Rankine kérfolyamat eromiivi valtozata
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SZIMBOLIKA ES ALLAPOTDIAGRAM
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ATOMEROMU KORFOLYAMATA J—
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?0RC - a MUNKAKOZEG MIATT —
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Viz helyett organikus munkakozeg valasztas:
> Koltség és elérhetdseg > Ne legyen toxikus
> Ne legyen gyulékony > Kornyezeti hatas
> Kémiai stabilitas > Viszkozitas
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REGENERATOROS ORC
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Generator

Condenser \
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Bruno Vanslambrouck
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ViZGOzZ - ORC HOBEVEZETES -
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KORFOLYAMAT VEZETESE —_—
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HOFORRAS - INTEGRACIO
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Vélez et al.
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HOFORRAS - INTEGRACIO

& ORC integration within
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MUNKAKOZEG SZARMAZTATAS ES
TULAJDONSAGOK
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MUNKAKOZEG - ALKALMAZAS
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BIOMASSZA - ORC

650 kW, ~ 4 GWh/év

m generator

regenerator
< n =16,7+71,7=87,4%
1 kondenzator
> hékiadas 3,3 MW

szilikon-olaj

| ] fitésre 100 TJ/év
hételjesitmény 4,6 MW

hécseréld >
erdei faapriték tiizelése eco
kb. 40 000 m3/év
tavflités
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BIOMASSZA — ORC energia aramok

Heat transfer fluid HTF/ORC heat ORC

Biomass Burner heat exchanger exchanger Condenser
1100 °C 150 - 320°C 100 - 300°C 80°C

I I I I

I I I I
Hot 70%

Heat >> Water >
transfer ORC
. Flue
Biomass Gases loop \

\ Electricity >13%
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MOTOR FEJELES ORC-vel
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MOTOR FEJELES ORC-vel —

e UeNRE Final Exhaust Heat 0.3 MW

Condensation: 5.9 MW

Intermediary Exhaust Heat: 7.7 MW

IC Engine

Electncal Qutflow: 1.4 MW

Electrical Outflow: 12 8 MW

LF or GF Heat Flow {Combustion): 281 MW

Mechanical Losses: 0.5 MW

Cooling System: 6.1 MW

Heat Radiation (Quter Shelly: 1.1 MW

Tanszéki diplomaterv, Alejandro Tristan Jimenez
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MOTOR FEJELES ORC-vel —

Gazmotor és ORC kooperacio
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ORMAT (USA) ORC

Ipa

ri hdhasznositas ORC kdrfolyamattal

1st installation in cement
industry
Installed capacity
Generation
Aux. Consumption — 0.2 MW

- 1.5 Mw

» Net export - 1.3 MW
Cooler vent temp. — 275°C
Passed to heat exchanger

Exit temperature : 120°C

»~

”~

(Net efficiency ca 16%)

Condenser

ORMAT® ENERGY CONVERTER o>
Clinker Cooler Recovery System ORMAT %’ﬁ

Vaporizer, N:é
Generator

Turbine 2 'gll'e{mo
2 \Working Fluld 1 e
Cycle Pump
»®

Electro-
Fiiter

Waste Heat
Recovery Heat
Exchahger

Clinker Cooler
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TURBODEN (I) ORC

Roeselare (Belgium): 2,5 MWe
The=180 °C, hatasfok= 17%

clean energy ahead

TURBODEN
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TRIOGEN (NL) ORC -

'RE ) P 150 kWwe ORC
6 *' com wear | 2MWe Deutz gazmotor kipufogé hojére
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TURBODEN (I) ORC

CORY OR WET) | Turboden ORC on a bio
TUR"B“B"S’E‘“"“" WA oil diesel engine: 10%
increase of E-production
Tin water L /{ Tout water
22°C 30°C
r— G S i T
I ! I ELECTRIC
| & — | POWER
| IES ) My
l I
l Jf WOEN OF TURBOGH ATl l
S ——— P
T out oil 1 Tin OUZ—I
*;.‘6000 160°C
100 | @)
DIESEL ENGINE T':;‘Og‘,'c: ;02‘(‘:‘ o 2 ";5,
= W) = MW E:rl
400°C 180°C 137°C
EXHAUST HEAT RECOVERY SYSTEM
GASES
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BELSOEGESU MOTOR vagy
GAZTURBINAK és az ORC

HO visszanyerés Motorok és Gazturbinak esetén:

» Kipufogd gaz hdje a leginkabb hasznosithato

e Nehany alacsony homersekleti ORC blokkhditési hot is kepes hasznositani

e Altalaban 10 % villamos teljesitmény novelés érheto el

e Ha az eredeti motor/turbina megujuld alapu hoforrassal Gizemel a
gazdasagossag a tamogatasok miatt jo lesz

e A nagyhOmérséklet( flistgaznal inkabb goz korfolyamatot érdemes a nagyobb
teljesitmény(i telepeken alkalmazni
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ORC 6nalléan

A magas homeérseklethez is van megfeleld munkakodzeg ezért
elérheto 6nalld CHP alkalmazasra is — foként biomasszara alkalmazzak

clean energy ahead

TURBODEN max(aec'

Olasz eurdpai Uttoro a technoldgiaban. Német termo olaj specialista.
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ORC kritikus eleme: a turbina

ORC esetén a turbina specialis tervezési kérdés — hatasfok, ar

e Hatasfok

» Nagysebességl generator, csapagyazas?

e ORC kozeg atmehet a generatoron, kenést biztosithat
e Egyedi tervezésl turbina — ettdl draga

C ¥ 165 kWe @ 28000 rpm

POWER FROM HEAT
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BEP (B) ORC ,egzotikus expander 1”

Mono screw expander based ORC:

use of engine cooling

55 kW System - low waste heat temperature

|Technical data !
Waste heat temperature 80 till 140 €

Electrical connection 400VAC -~ 50Hz
Heating / cooling connections 4 x 3" flange
Efficiencies Expander 75%
Generator 91%
Overall 6 to 12%
Working fluid Manufacturer Honeywell / Solvay
Type Temperature
dependent
Dimensions WxDxH [mm] | 1200 x 2400 x 2300

Typical case - Hot liquid to Green energy

Electrical Waste heat conditions Condensing Conditions
Output Inlet T Outlet T | Energy In JCond T| Condensing load
55 kWe 95 C 85 700 kWi | 20 € 640 kWhy,

250 kWe 95 C 85T 35MWp | 20 T 3.2 MWhy,

# )\ DEPARTMENT OF
N '\ ENERGY ENGINEERING

BEP EUROPE
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ORC , egzotikus expander 2" e

Screw expanders i

« Heavy duty design, derived from screw 5
compressors 2 p=konst. 3 4

* Not sensitive to fluid drops: can expand both '
superheated or saturated steam, no damage /\ \\
when fluids drops passes trough (useful when ! p.=konst.
large process variations are going on). L ¢~ ¢

» Lower cycle efficiency compared to turbines
» As ORC usable at lower temperatures

2 6
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ORC ,egzotikus expander 3"

* Are also volumetric expanders

* As a compressor commonly used whitin
refrigeration and airco equipment.

* Cheap and easy available.

» Some developments on it, for micro-ORC
fed with small gas or pellet burners, even on
solar energy.

enef tech

Two-stage scrolls
innovation

Moblle Pocket of fluid
scroll
Inlet
Fixed scroll port
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ORC ,egzotikus expander 4" e

Lysholm expander

Volumetric expander, presented by Lysholm in 1934.
F.i. used as a mechanical driven supercharger on car combustion engines.

‘ DISCHARGE SIDE
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ORC , egzotikus expander 4"

Heat source temperature: 55(!) — 125°C

LYSHOLM expander

Electrical capacity: 3 sizes 350-500-800 kWe

Announced efficiency: 5-10%

.

WASTEHEAT
ourt

HEAT GAS
N EXCHANGER (1)
73 LYSHOLM . i,
( EEME TURBINE @( @ o >
GENERATOR
HEAT
EXCHANGER (2)
FLUID ELECTRICITY
<
COOLING COOLING
WATERIN WATEROUT
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Cold source: 0-30°C

O oPcON OPCON

' WASTEHEAT

IN

Grof Gyula | H6hasznositas korszerti ... | © 2015

Magyar Hidroldgiai Tarsasag Csatornazasi és Szennyviztisztitasi Szakosztaly |2015. 04.09. | 30



Expander tipusok alkalmazhatdésaga —

Turbine
Screw
Scroll

_
I
— E—
Turbine e
:
S —

Screw
Scroll

Turbine
Screw
Scroll

01 1 1 100 1000 10000

0
Power [kW]

re 68: Allowed power range for the low temperature applications and
each type of expansion machine
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GEOTERMIKUS ORC

Geotermikus: ho-hasznositassal azonos technoldgia 75 — 300 °C
széles teljesitmény tartomany
a kondenzacids ho is hasznosithato

CONDENSER

y MOTIVE FLUID

INJECTION PUMP
INJECTION Z WELL

COOLED GEOTHERMAL
FLUID

RODUCTION PUMP
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GEOTERMIKUS ORC

Geotermikus 250 kWWe ORMAT ORC
Hé input: 2,5 MW, Héfokok: 110/85 °C
Munkakdzegq: 1zopentan

ORC kiserému Bad Blumau (A)

Series 250 Containerized ORMAT
Energy Converter Power Unit

:’}?ﬁ DEPARTMENT OF Grof Gyula | H6hasznositas korszerii ... | © 2015
N T\ ENERGY ENGINEERING Magyar Hidroldgiai Tarsasag Csatornazasi és Szennyviztisztitasi Szakosztaly |2015. 04.09. | 33




MIKRO CHP ORC

u-CHP energetix
Genlec module: 1 kW scroll expander based ORC to integrate

in central heating boilers (1 —CHP)
Example: Boiler manufacturor Daalderop (NL)

Electricity

ORC/Scroll Expander

ORC prototype module
Fitted inside boiler casing
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OEM ORC egység példa 1

Net power output: 186-257 kWe PURE Cyde 280

(depends from hot and cold source t°) TURBODEN
Heat source: data available from 93 to 138°C (if R245fa is used)

Cold source: 16 to 27°C

(The earlier Pure Cycle 200 was also available with R134a as a working
fluid and worked on lower heat and cold source t°)

Steam i3 sent

Foroed Ar or
Water from the
cooling towers
cools the steam

< Steam tums
the turbine

ot geothermmal by ’ ; »
rater turns the - "
UK IO steam A\ a :

Working fiuad pump
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OEM ORC egység példa 2: GE

» Clean Cycle Datasheet

HEAT POWER:
Input®: 900+1.000 kW @ 150 °C
ELECTRICAL OUTPUT:
Gross™: 125 kW
Voltage: 380+480 Vac

Frequence: 50+60 Hz
Harmonic noise: < 5%

WORKING FLUID:

Refrigerant type HFC-245fa
Internal flow rate: 3,93 kg/s
Pressure at inlet: 19,3 bar

TURBINE-GENERATOR UNIT:

Turbine: Single Stage Radial Flow
30.000 rpm without mechanical revolu-
tion reducers.

Alternator: High Speed, Permanent
Magnet Generator.

35}?2 DEPARTMENT OF Grof Gyula | H6hasznositas korszerii ... | © 2015
N T\ ENERGY ENGINEERING Magyar Hidroldgiai Tarsasag Csatornazasi és Szennyviztisztitasi Szakosztaly |2015. 04.09. | 36




OEM ORC egység példa 3. —

Unique BEP Europe
11 kWe prototype ORC

- T s
e () . g
- # » Pl
03 2 )
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Az ORC arakrol (1):

Module prices (indicative):

Turboden: 500kW: about € 1900 /kWe

1000 kW: about € 1350 /kWe

2000 kW: about € 950 /KWe

Pure Cycle 280 (ca 250 kWe) : € 335 000 or € 1350/kWe

Maxxtec: prices are confidential

Tri-O-Gen: 150 kW unit @ € 400 000-450 000 or ca €
3000 /kWe

BEP-Europe: 55 kW unit @ € 100 000 or € 1820 /kWe
250 kW unit: ca € 330 000 or € 1320 /kWe
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ORC arakrél (2): P

Michele F.
Area vendite Emila Romagna presso Com.tel 5.p.A.

1. kwe only orc may be 240 -250.000 € after you have dry cooler , installation , maintenance 8% -
Michele 10% of machine cost | plumbing ... may be 300- 350000 € _

for the 250 kwe you have 460 - 500000 £ for the machine 600.000€ full installed .
With 125 - 140 ® you have 11%- 13 % gross efficiency .

Maggie Yu Clout P.
Business Development at Siemens

Rob, we have a 125kW ORC system with the design temperature is right at the range of 120 to
150C. So it is ideal for the application you mentioned. |s this a geothermal project? Sometimes it

Maggie
Yu Clout 15 hard to pin point the total installed system costs. As you can imagine, HEXs differ a lot based

upon the heat and cold source conditions. That said, very rough estimate could be anywhere from
LUSD 350,000 to USD $500,000 installed. If you are interested in getting more information, please
feel free to contact me directly at my@access-energy.com. Meanwhile, you can check out our
website to get additional info as well. www.access-energy.com. Hope this helps.
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KONKLUZIO (irodalom utan): _—

ORC kiprobalt, kereskedelmileg elérhet6 technoldgia

- Széles alkalmazasi korrel

- FO elony a vizgoz korfolyamattal szemben az alacsonyabb
hatasfok ellenére az alacsony homeérsékleten vald alkalmazhatosag

- ORC kevésbé komplikalt egyszerlbb az tizemvitele,
alacsonyabb nyomasok

- Vizgoz korfolyamat inkabb a magas homérsekletli forrasoknal é€s a
nagy teljesitmény esetén

- Gazdasagos ha van tamogatas

- Kivalé CHP lehet0oség a kondenzacios ho hasznositasa miatt

- Z0ld tamogatassal 3 év megtériilés is lehet

- Hovisszanyerésnél realisan inkabb 5 év

- Benchmark fontos ha raszanjuk magunkat

- Nagyon fligg a villamos energia artdl — nyilvan

- Harmadik feles finanszirozas lehetséges — nem lesz nalunk jellemzo
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Koszonom a figyelmet!
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