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1 EXECUTIVE SUMMARY

1.1 DESCRIPTION OF THEEIVERABLE CONTEND #AURPOSE

The WP6 is intended to demonstrate the feasibility of generatiagtgtity in various geothermal
environments. The deliverable 6.4 is an operating manual for ORC maechitdsareequipment

that convert thermal power into electricity. The purpose of this document is to provide to the
final user the necessary technicdements for a good use of the different ORC units. This
deliverable is complementary to deliverable 8.3 ORC units ready to be shipped.

1.2 BRIEF DESCRIPTIONBE STATE OF THE AND THE INNOVATION
BREAKTHROUGHS

The conversion of heat into electricity @eothermal sites is already very advancédday there

are more than 100 ORC installations on geothermal sites. The temperature ranggsrafed
geothermal resourcesre generally in the range of 1620C. However,the potential of
electricity genertion using low temperature geothermal resourceq70-100C) is clearly
neglected.

The innovation in this project is to produce electricity from geothermal resources at low
temperatureswhile offering a manufacturing cost to have a competitR@I.

In additon, the project is also focusing dhe heat exchanger material selection. The heat
exchanger must deal with a corrosive geothermal environment.

1.3 CORRECTIVE ACTIGNRELEVANT)

N/A

1.4 IPRISSUES (IF REANRW)

N/A
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2 DELIVERABLE REPORT

2.1 DISCLAIMER

READ AREFULLY AND BE SURE TO THOROUGHLY UNDERSTAND ALL THE INFORMA
PROVIDED IN THESE INSTRUCTIONS BEFORE DESIGNING AND, IN ALL CASES, BEFORE C
OUT ANY HANDLING, UNPACKING, ASSEMBLING, POSITIONING AND COMMISSION

OPERATION INVOLVING THE UNIT.

TheManufacturer declines any and all liability for injuries to people or damage to progasing
from failure to observe the indications in this document.

2.1.1 General warning

¢CKS F2fft26Ay3 R20dzYSyid A& | dzaSNJ YI yhdandre & NA i
specifically 20LT ORC and 40LT ORC, understanding of the basic operations, frequently asked
guestions and applications related guidelines.

This document is not to be used for calculating the performance or the output of the ORC unit
because operatig values and ORC unit output can be affected by many variables, including hot
water temperature at ORC inldtgat sink type andemperature,andflow rates.

For a complete project evaluation, please ask ENOGIA staff.

2.1.2 About the safety of operation

Thefof 26 Ay 3 R20dzYSyd Aa I+ dzaSNJ Yl ydzZ € 6KAOK RS
case of a norcompliant use of the ORC by the End User, ENOGIA shall not be considered as
responsible of any harm or damage caused.

Please respect the integration andiligation instructions described in this document. In case of
any doubts, please contact ENO@Ae § 2.1.3)
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2.1.3 Contact information

You can contact ENOGIA commercial and technical teams at the following:
info@enogia.om
Tel: +33 4 84 25 60 17

2.2 GENERAL DESCRIPTOBNORC

Although the principle of Organic Rankine Cycle (ORC) was stated by Mr. Rartkimel 9"
century, small operational ORC products are cutting edge technology able to convert low
temperature streams oénergy into useful energy, namely electricity.

The Organic Rankine Cycle is an alternative to the traditional Rankine Cycle, which uses steam as
a working fluid The ORC can use any organic fluid, but to attain successful low temperature
performances, reigerant fluidsare preferred.

2.2.1 Balance of energy flows

The ORC is a thermodynarpi@wer cycle. It is used to convert heat into electricity. Thgure 1
showthe balance of the energyutputs ofthe ORC.

// enoGia

ELECTRICALOUTPUT
&+

HEAT INPUT

(HEATING LT ORC

COOLING
(COOLING THERMAL
ENERGY FLOW)

THERMAL DEVICE
ENERGY FLOW)

NEGLIGIBLE PROCESS LOSSES

Figurel: Balance of Ermgy flow diagram

Allthe heat cannot be converted into electricity. The system has a system efficiency, which can
be calculated byividingthe electrical output powewith the thermal inlet power.

The heat which was not turned into electrical power neéalde removed from the system in
order to balance the energy flows. To this end, an ORC always néwds sink which can be
provided by cold wateor ambient air through a condenser

The performance of the ORC unit is highly dependent of the quagtypgérature thermal
capacityand flowrate) of the cooling sourc&herefore, th€ORC output can vawyith the cooling
source parameters (variation of ambient temperature, flow rates, fleid).

Version VF// Dissemination level : PU
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2.2.2 General working principle of ORC

Electrical energy

Heated pressurized Low pressure
vapor vapor
Turbine
Heat 3
source
2 =
Cooling
1
Pump
High pressure ; Low pressure
liquid liquid

Figure2: General working principle ORC diagram

Likethe commonly used steam Rankine cycle, the Organic Rankine Cycle usa&pdhsionof
high-pressuregasthrough a turbine expandetonnected to a generaton order totransform
mechanicalvork intoelectricalwork (3). The turbineneeds an adapted pressure ratmperform
efficiently.

¢t2 0KAA& SYRI GKS g2NJAy3 FfdzZA R Aevapdafelafighi®k Ay
andproduce high pressure gas.

¢tKS 402y RSy aSNE achlEIOKWaeES Ml dirSINI dze/@ademde eh@ast X 0
at low pressure, allowing a higiressure raticacross the turbindor correct operation.

The pumpalso calledeed pump(1), is then used tgressurize andieed the fluidin liquid phase
coming fran the condenser to the boiler.

23! . h} ¢ 9bhDL! Q{ hw/

2.3.1 Evaporator and condenser

10
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The thermal exchange between the heat source and the working fluid and between the working
fluid and the cooling source are done through two heat exchangers called the evapordtor an
the condenser.

¢ KS S@I L3 NI (2 NI drandfér the/thelnddrbéhkdgyfddn the Aeatsd@urcdo the
working fluid, in order to warm it up and vaporize Tthe evaporator is a plate exchanger
specificallydesigned to fit with the flow rate and teperature conditiors of each project.

Regarding the condenser, its role is to evacuatedhedensindgheat of theworking fluid nto a
cooling loop. Indeed, after being expanded in the turbine, the working fluid still contains thermal
power that must be eveuated in order tacondense it andit with the Organic Rankine Cycle.

Thus, using the same technology as the evaporator (plate exchanger), the condenser transfers
the heat from the working fluid to the cooling loop at a lower temperature thanhtbesouce.

The waythe ORC is coolatbwn plays a very important role in the conversion cycle performance
YSFEYAy3 GKIFIG GKS O2yRSyaSNna RSaiA3ay ySSRa (:
system.

2.3.2 ENOGIA turbo expander and H22 Mavel Powertrain ineert
Each system manufactured by ENOGIA is assoaiatiedne or several ENOGIA tudeapanders
and H22 electrical inverter.

TheORGConfigurations argresented inTablel. Moreover, theFigure3 shows the inerter and
turbine configuration of the 20 kw ORC module.

ORC model Turbine model Inverter model
20 kW ORC module Enogia 20 kW x1 H22 x1
40 kW ORC module Enogia 20 kW x2 H22 x2

Tablel: ORC configurations

50kHz AC/DC  20kHz DC/AC EMC Filter
‘1—! - J_I ™\ o - 4—b'
s TI —
~ - g
e —

I I Filter Choke

Brake Resistor

//EHDGIEI P Integrated in the ORC module

Figure3: Turbo expander and inverter configuration diagram

The strengths of this combination of elements &sted hereafter

11
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Extremely compacturbo expander shatft,

1 100 % oil freunning involving less maintenance on terkingfluid and on the syem
itself,

1 Hermetic and homogeneous turbine + generator block without any mechanical seal
requiring 10 to 100 times less working fluid relaadhan the competitors using
mechanical ses)

1 Modular architecture of the blades allowing ENOGIA to adapt anthope the turbe
expander to each thermal power and temperature of heat sources

1 Contactlesgotating parts of the turbo expandegguaranteeingesswear of the blades of
the turbine,

1 Highly efficient the Mavel Powertrain H22 inverter offering turbine to grid current
conversion ratiof over 97 %

2.3.3 Feed pump

To generate powethrough the expansionof agas through the turbine, the Organic Rankine
Cycle requires the compression of the working fluid upstream.

In the perspective of éonglastingORC systenENOGIA selected the best technology on the
market for its pumps such as the Grundfos brand.

More precisely ENOGIA adopted the CRN multistage range of product offering the perfect
combination between performance, reliability, compactness and power consamp

2.3.4 R1233zd working fluid

¢tKS 2NHFIYAO FfdzZAR dzaASR AY 9bh DLlnatufactufedt By hw
Honeywell.

This fluidhas beenchosen for its very interesting performance for the low temperature ORC
applications.

The use of this workinguid, along withENOGI®Q turbo expander technology, makgossible
thea f 2 ¢ (S NehiSebdveiydaiiBonversion even wighothermalwater at 80°C.

Moreover, the R1233zdhowssafety properties that guarantee the security of the people and
the envionment around the ORC:

Non flammable
No color

Very weak smell
Non toxic
Neutral pH

Low GWP

= =4 4 -4 A8 -
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2.4 ORC APPLICATIONS

2.4.1 Waste heat on exhaust stack

9bhDL! Qa4 hw/ OFYy 06S dzASR 2y Iy AYOGSNXYSRAFGS
as water to recover thedmnt from hot gases. The hot liquid/water can be fed into the ORC to
transformthe recovered thermal power into electricity. A cooling device such asaisier or

cooling tower shall supply cooling water to the OR@.more details, see § 2.5

|
// eNoGia @

LT ORC COOLING

Hot loop Cold loop

DEVICE DEVICE

—

Hot gases
from
industrial
process

Figure4: Waste heat on exhaust stack process diagram

—_—

2.4.2 Biomass Boiler

9bhDL! Qa4 hw/ OFy 0SS dzaSR ¢AGK (GKS K204 ¢ (GSNJ
device but also as @ombine Heat and PoweCKR device, where the water fromhie cooling

side of the ORC could be used for low temperature heating purposes, such as floor heating,
poultry farming dryers, swimming pools, algae or shrimp porets, The biomass boiler could

be warm water or superheated water type. Obviously efficiewdl be higher with a superheated

water boiler.

<—@— COOLING

DEVICE
OR
e 4 HEAT USERS

Cold loop

Biomass boiler

Figure5: Biomass Boiler process diagram

2.4.3 Solar

9bhDL! Qa [¢+H hw/ OFYy 0S dzaASR gAGK az2ftl N O2f
tube and Fresnel types. The collext will supply hot water or hot thermal transfer oil to the
ORC.

13
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COOLING
Cold loop DEVICE
—_—

DEVICE

Solar throughs

Figure6: Solar Process diagram

2.4.4 Internal combustion engine jacket water

9bhDL! Qa [¢xH hw/ A& (GKS 2yfe& NIy3aS 2F hw/
90°C hot water from the jacket of an internal combustion genset engine. Indeed, with many
genset manufacturers, the water shall be sent back to the engine at 70°C, and the LTV2 range of
product can attain full power using a 90/70°C hot loop.

Hot water from jacket

= of genset engine
shalne lnl. - A
eI, s
1  al

COOLING
Cold loop

DEVICE

B

Figure7: Internal combustion engine jacket water process diagram

2.4.5 Internal combustion engine combined recovery

Ly a2YS OFasSazr GKS 3ISyaSi SyaayS Aa az2tR | a
and the jacket water in order tprovide hot water to a user. In those cases, the LTV2 ORC can
dzaS GKS /1t £22L¥ Ay 2NRSNJ (2 LINRRdz0S St SO
which can be used at full power using the low temperature 90/70°C loop of a genset CHP.

b
J

Loz & y ENOGIA
I o [l
DEVICE Cold loop DEVICE

Hot loop —_—

Q

Figure8: Internal combustion engine combined recovery process diagram

14
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2.4.6 Geothermal

9bhDL! Qa [¢+xH hw/ OFy dzaS SA{KSNJIesourieszQhef = |
should be careful to water specifications when considering a geotae@iRC project. Please
O2y itk Ol 9bhDL! Qa &alfSa NBLNBaSYyidl GAdS F2NJ |

Hot water from geothermal
natural or enhanced source

= Tl
-
é“"_ e - Hot loop

Cold loop DEVICE

 — —

Figure9: Geothermal process diagram

2.5 COOLING SYSTEM FORBEOL! Q{ hw/

The cooling system is a very important part of a successful ORC project.

It has a great impact othe efficiency ofan ORC device as well as a great impact on parasitic
consumption levels: indeed, the cooler the water the cooling system can provide to the ORC, the
best the efficiency of the ORC will be. But sometimes, thisnsi@dso parasitic consumption is
increased as well.
9bhDL! Qa alfSa NBLINBaSydalraaogSa Oy KStLI @2dz
down the ORC.
hyS O02dzZ R dzaS GKS F2fft2¢Ay3aq a 022fAy3a YSiGK?2
Cooling only:

1 Dry cooler
Adiabatic cooler
Cooling tower
Cooling pond
River
Lake
1 District water

= =4 =4 4 A

Combined Heat and Power:

9 Process water
1 Floor heating
1 Dryer

Other heatuses

15
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2.6 MAIN PARTS PRESENON

2.6.1 20 kw ORC MOBILE UNIT

2.6.1.1 Whole assembly

Dry Cooler

General control Cabinet

ORC-20 kW

FigurelO: Presentaton of 20 kw ORC mobile unit.

The 20 kW ORC mobile unitisde off H N1 QQ 02 y @ Sokfirsnga 20 RAWARRAry S NE
cooler and a cold loop pump. This module only needs electrical connseiiala hydraulic hot
loop connection to work.

The modulesmountedon atrailer in to offer the possibility to move the system dlgdetween
two sitesand make its use more flexible.

The generatontrol cabinetmanageghe ORC and all auxiliaries.

) IS S

| 11
I 1)1 P H=
| ﬁ =F ==

==
=
El
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TIoT
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L0 00
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Figurell: Dimension of the 20 kW OR®obile unit
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2.6.1.2 20 kW ORC

The ORC is composed as it is mentioned in se@ignthe main componentdeingthe feed
pump, the evaporator, the condenser, the turbine and the inverter. Other components ensure
the proper functioning ofthe machineThere are two more loop inside the ORC units, the cooling
turbine loops and the lubrication looffhe cooling turbine loop cools the generator part of the
turbine, It is composed by an air condenser, a flow switch, an expansion tank anbing @uonp.

The lubrication loop preserves the duration of thearings this loop consists of lubrication pump
and pressure switch.

Flange Connection
- Condenser P Hot Loop (INLET)

Flange connection
Cold loop (Inlet)

Air condenser

Expansion Tank

Expander cooling pump

ORC control cabinet Lubrication pump Flange Connection

Hot Loop (OUTLET)

Figurel2: Main components of the 20 kW ORC
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2.6.1.3 Piping and Instrumentation Diagram

The Pipingandl nstr ument ati on Diagram (P&l D) of Eno

Figurel3.
-
: —t=
DRY COOLER
S /
YN . - /
ﬁ ? Turbine 20 kW W \\ C//(\J /
“J I 83°C/5,5 Bar ‘//_(‘\ T
Y N \\E'j)_
l OIN=N

83°C/5,9 B: Cooling Fump\-rr' 3 -

N

/s [—
/E t /
. vaparator ﬁ

32°C/5,9 B:
N ubrication pump -
& i Tt il B

Piping and Instrumentation
Diagramm: CHAUNOY

Figurel3: Piping and Instrumentation diagram of the 20 kW ORC mobile unit

2.6.2 40 kW Stationary Unit

2.6.2.1 Whole assembly

9y 2 3 A IVR@RCrstationprynit is equipped with a larger dry cooler than the 20 kW ORC
mobile unit, because it requires to evacuate greater quantities of condensation heat from the
condenser. Moreover, it consists of two 20 kW turbines and inverters, taking upspace than

the smaller 20 kW mobile unit.
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ORC module
comalner

Flanges connection Generallcomrol
Cabinet
for cold loop

Figurel4: Presentation of 40 kW ORC stationary unit
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Figurel5: Dimension of the 40 kW ORC stationary unit

2.6.2.2 40 kw ORC

The composition of the 40 kW ORC is kintb that of the 20 kW ORC, though it consists of two
20 kW turbines, as presented étigurel6Erreur! Source du renvoi introuvable.
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Figurel6: Main components of the 40 kW ORC

2.6.2.3 Piping and Instrumentation Diagram
Thet ALAY 3 YR LyadNHzySydl dA2y 5AF 3INI Figoel® L5 0
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