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 EXECUTIVE SUMMARY 

1.1 DESCRIPTION OF THE DELIVERABLE CONTENT AND PURPOSE 

The WP6 is intended to demonstrate the feasibility of generating electricity in various geothermal 
environments. The deliverable 6.4 is an operating manual for ORC modules which are equipment 
that convert thermal power into electricity. The purpose of this document is to provide to the 
final user the necessary technical elements for a good use of the different ORC units. This 
deliverable is complementary to deliverable 6.3 ς 3 ORC units ready to be shipped. 

1.2 BRIEF DESCRIPTION OF THE STATE OF THE ART AND THE INNOVATION 
BREAKTHROUGHS 

The conversion of heat into electricity on geothermal sites is already very advanced. Today, there 
are more than 100 ORC installations on geothermal sites. The temperature ranges of valorized 
geothermal resources are generally in the range of 100-220°C. However, the potential of 
electricity generation using low temperature geothermal resources (70-100°C) is clearly 
neglected. 
The innovation in this project is to produce electricity from geothermal resources at low 
temperatures while offering a manufacturing cost to have a competitive ROI. 
In addition, the project is also focusing on the heat exchanger material selection. The heat 
exchanger must deal with a corrosive geothermal environment. 
 
 

1.3 CORRECTIVE ACTION (IF RELEVANT) 

N/A 

1.4 IPR ISSUES (IF RELEVANT) 

N/A 
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 DELIVERABLE REPORT 

2.1 DISCLAIMER 

 

READ CAREFULLY AND BE SURE TO THOROUGHLY UNDERSTAND ALL THE INFORMATION 
PROVIDED IN THESE INSTRUCTIONS BEFORE DESIGNING AND, IN ALL CASES, BEFORE CARRYING 
OUT ANY HANDLING, UNPACKING, ASSEMBLING, POSITIONING AND COMMISSIONING 
OPERATION INVOLVING THE UNIT. 

 

The Manufacturer declines any and all liability for injuries to people or damage to property arising 
from failure to observe the indications in this document. 

2.1.1 General warning 

¢ƘŜ ŦƻƭƭƻǿƛƴƎ ŘƻŎǳƳŜƴǘ ƛǎ ŀ ǳǎŜǊ Ƴŀƴǳŀƭ ǿǊƛǘǘŜƴ ƛƴ ƻǊŘŜǊ ǘƻ ƎƛǾŜ 9bhDL!Ωǎ ǇǊƻŘǳŎǘǎΣ ŀnd more 
specifically 20LT ORC and 40LT ORC, understanding of the basic operations, frequently asked 
questions and applications related guidelines. 

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

For a complete project evaluation, please ask ENOGIA staff. 

2.1.2 About the safety of operation 

The folƭƻǿƛƴƎ ŘƻŎǳƳŜƴǘ ƛǎ ŀ ǳǎŜǊ Ƴŀƴǳŀƭ ǿƘƛŎƘ ŘŜǇƛŎǘǎ ǘƘŜ ǇǊƻǇŜǊ ǳǎŜ ƻŦ 9bhDL!Ωǎ ǇǊƻŘǳŎǘǎΦ Lƴ 
case of a non-compliant 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 and utilization instructions described in this document. In case of 
any doubts, please contact ENOGIA (see § 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.com 

Tel: +33 4 84 25 60 17 

2.2 GENERAL DESCRIPTION OF ORC 

Although the principle of Organic Rankine Cycle (ORC) was stated by Mr. Rankine in the 19th 
century, small operational ORC products are cutting edge technology able to convert low 
temperature streams of energy 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, refrigerant fluids are preferred. 

2.2.1 Balance of energy flows 

The ORC is a thermodynamic power cycle. It is used to convert heat into electricity. The Figure 1 
show the balance of the energy outputs of the ORC. 

 

Figure 1 : Balance of Energy flow diagram 

All the heat cannot be converted into electricity. The system has a system efficiency, which can 
be calculated by dividing the electrical output power with the thermal inlet power.  

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

The performance of the ORC unit is highly dependent of the quality (temperature, thermal 
capacity and flowrate) of the cooling source. Therefore, the ORC output can vary with the cooling 
source parameters (variation of ambient temperature, flow rates, fluid, etc.). 

mailto:info@enogia.com
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2.2.2 General working principle of ORC 

 

Figure 2: General working principle ORC diagram 

Like the commonly used steam Rankine cycle, the Organic Rankine Cycle uses the expansion of 
high-pressure gas through a turbine expander connected to a generator in order to transform 
mechanical work into electrical work (3). The turbine needs an adapted pressure ratio to perform 
efficiently. 

¢ƻ ǘƘƛǎ ŜƴŘΣ ǘƘŜ ǿƻǊƪƛƴƎ ŦƭǳƛŘ ƛǎ ƘŜŀǘŜŘ ƛƴ ǘƘŜ άōƻƛƭŜǊέ ŜȄŎƘŀƴƎŜǊ όнύΣ ƛƴ ƻǊŘŜǊ evaporate a liquid 
and produce high pressure gas. 

¢ƘŜ άŎƻƴŘŜƴǎŜǊέ ŜȄŎƘŀƴƎŜǊ όпύ ǳǎŜǎ a cold loop (waterΣ ǿŀǘŜǊ ŀƴŘ ƎƭȅŎƻƭΧύ to condense the gas 
at low pressure, allowing a high-pressure ratio across the turbine for correct operation.  

The pump, also called feed pump (1), is then used to pressurize and feed the fluid in liquid phase 
coming from the condenser to the boiler. 

2.3 !.h¦¢ 9bhDL!Ω{ hw/ 

2.3.1 Evaporator and condenser 
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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 evaporator and 
the condenser.  

¢ƘŜ ŜǾŀǇƻǊŀǘƻǊΩǎ Ƴŀƛƴ ǇǳǊǇƻǎŜ ƛǎ ǘƻ transfer the thermal energy from the heat source to the 
working fluid, in order to warm it up and vaporize it. The evaporator is a plate exchanger 
specifically designed to fit with the flow rate and temperature conditions of each project. 

Regarding the condenser, its role is to evacuate the condensing heat of the working fluid into a 
cooling loop. Indeed, after being expanded in the turbine, the working fluid still contains thermal 
power that must be evacuated in order to condense it and fit 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 than the hot source.  

The way the ORC is cooled down plays a very important role in the conversion cycle performance 
ƳŜŀƴƛƴƎ ǘƘŀǘ ǘƘŜ ŎƻƴŘŜƴǎŜǊΩǎ ŘŜǎƛƎƴ ƴŜŜŘǎ ǘƻ ōŜ ƻǇǘƛƳƛȊŜŘ ǘƻ ƎǳŀǊŀƴǘŜŜ ǘƘŜ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ǘƘŜ 
system.  

2.3.2 ENOGIA turbo expander and H22 Mavel Powertrain inverter 

Each system manufactured by ENOGIA is associated with one or several ENOGIA turbo-expanders 
and H22 electrical inverter. 

The ORC configurations are presented in Table 1. Moreover, the Figure 3 shows the inverter 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 

Table 1: ORC configurations 

 

Figure 3: Turbo expander and inverter configuration diagram 

The strengths of this combination of elements are listed hereafter: 
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¶ Extremely compact turbo expander shaft, 

¶ 100 % oil free running involving less maintenance on the working fluid and on the system 
itself, 

¶ Hermetic and homogeneous turbine + generator block without any mechanical seal, 
requiring 10 to 100 times less working fluid reloads than the competitors using 
mechanical seals, 

¶ Modular architecture of the blades allowing ENOGIA to adapt and optimize the turbo-
expander to each thermal power and temperature of heat sources, 

¶ Contactless rotating parts of the turbo expander guaranteeing less wear of the blades of 
the turbine, 

¶ Highly efficient, the Mavel Powertrain H22 inverter offering a turbine to grid current 
conversion ratio of over 97 %. 

2.3.3 Feed pump 

To generate power through the expansion of a gas through the turbine, the Organic Rankine 
Cycle requires the compression of the working fluid upstream.  

In the perspective of a long-lasting ORC system, ENOGIA 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 consumption. 

2.3.4 R1233zd working fluid 

¢ƘŜ ƻǊƎŀƴƛŎ ŦƭǳƛŘ ǳǎŜŘ ƛƴ 9bhDL!Ωǎ [¢±н hw/ ƳƻŘǳƭŜǎ ƛǎ ǘƘŜ wмнооȊŘ, manufactured by 
Honeywell. 

This fluid has been chosen for its very interesting performance for the low temperature ORC 
applications.  

The use of this working fluid, along with ENOGIAΩǎ turbo expander technology, makes possible 
the άƭƻǿέ ǘŜƳǇŜǊŀǘǳǊŜ heat recovery and conversion even with geothermal water at 80°C.  

Moreover, the R1233zd shows safety properties that guarantee the security of the people and 
the environment around the ORC: 

¶ Non flammable 

¶ No color 

¶ Very weak smell 

¶ Non toxic 

¶ Neutral pH 

¶ Low GWP 

  



Version : VF //  Dissemination level : PU 

Document ID: 5сΦп hw/ ǳǎŜǊΩǎ Ƴŀƴual including installation procedure 
H2020 Grant Agreement N° 792037 

13 
 
 

2.4 ORC APPLICATIONS 

2.4.1 Waste heat on exhaust stack 

9bhDL!Ωǎ hw/ Ŏŀƴ ōŜ ǳǎŜŘ ƻƴ ŀƴ ƛƴǘŜǊƳŜŘƛŀǘŜ ǿŀǎǘŜ ƘŜŀǘ ǊŜŎƻǾŜǊȅ ƭƻƻǇ ǳǎƛƴƎ ƭƛǉǳƛŘ ŦƭǳƛŘ ǎǳŎƘ 
as water to recover the heat from hot gases. The hot liquid/water can be fed into the ORC to 
transform the recovered thermal power into electricity. A cooling device such as dry-cooler or 
cooling tower shall supply cooling water to the ORC. For more details, see § 2.5. 

 

Figure 4: Waste heat on exhaust stack process diagram 

2.4.2 Biomass Boiler 

9bhDL!Ωǎ hw/ Ŏŀƴ ōŜ ǳǎŜŘ ǿƛǘƘ ǘƘŜ Ƙƻǘ ǿŀǘŜǊ ŦǊƻƳ ŀ ōƛƻƳŀǎǎ ōƻƛƭŜǊΣ ŜƛǘƘŜǊ ŀǎ ŀ ǇǊƛƳŜ ǇƻǿŜǊ 
device but also as a Combine Heat and Power (CHP) device, where the water from the 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 ponds, etc. The biomass boiler could 
be warm water or superheated water type. Obviously efficiency will be higher with a superheated 
water boiler. 

 

Figure 5: Biomass Boiler process diagram 

2.4.3 Solar 

9bhDL!Ωǎ [¢±н hw/ Ŏŀƴ ōŜ ǳǎŜŘ ǿƛǘƘ ǎƻƭŀǊ ŎƻƭƭŜŎǘƻǊǎΣ ŦǊƻƳ ǇƭŀƴŀǊ ǘƻ ǇŀǊŀōƻƭƛŎ ǘǊƻǳƎƘǎΣ ƛƴŎƭǳŘƛƴƎ 
tube and Fresnel types. The collectors will supply hot water or hot thermal transfer oil to the 
ORC. 
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Figure 6: Solar Process diagram 

2.4.4 Internal combustion engine jacket water 

9bhDL!Ωǎ [¢±н hw/ ƛǎ ǘƘŜ ƻƴƭȅ ǊŀƴƎŜ ƻŦ hw/ ǇǊƻŘǳŎǘǎ ǿƘƛŎƘ Ŏŀƴ ƳŀƪŜ ŀƴ ŜŦŦƛŎƛŜƴǘ ǳǎŜ ƻŦ ǘƘŜ 
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. 

 

Figure 7: Internal combustion engine jacket water process diagram 

2.4.5 Internal combustion engine combined recovery 

Lƴ ǎƻƳŜ ŎŀǎŜǎΣ ǘƘŜ ƎŜƴǎŜǘ ŜƴƎƛƴŜ ƛǎ ǎƻƭŘ ŀǎ ŀ ά/It ǳƴƛǘέ ƳŜŀƴƛƴƎ ƛǘ Ƙŀǎ ŀ ƭƻƻǇ ǳǎƛƴƎ ǘƘŜ Ƙƻǘ ƎŀǎŜǎ 
and the jacket water in order to provide hot water to a user. In those cases, the LTV2 ORC can 
ǳǎŜ ǘƘŜ ά/It ƭƻƻǇέ ƛƴ ƻǊŘŜǊ ǘƻ ǇǊƻŘǳŎŜ ŜƭŜŎǘǊƛŎƛǘȅΦ !ƎŀƛƴΣ 9bhDL!Ωǎ [¢±н hw/ ƛǎ ǘƘŜ ƻƴƭȅ hw/ 
which can be used at full power using the low temperature 90/70°C loop of a genset CHP. 

 

Figure 8: Internal combustion engine combined recovery process diagram 
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2.4.6 Geothermal 

9bhDL!Ωǎ [¢±н hw/ Ŏŀƴ ǳǎŜ ŜƛǘƘŜǊ ƴŀǘǳǊŀƭΣ ŀǊǘŜǎƛŀƴ ƻǊ ŜƴƘŀƴŎŜŘ ƎŜƻǘƘŜǊƳŀƭ resources. One 
should be careful to water specifications when considering a geothermal ORC project. Please 
ŎƻƴǘŀŎǘ 9bhDL!Ωǎ ǎŀƭŜǎ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ŦƻǊ ŀ ǇǊƻƧŜŎǘ ŜǾŀƭǳŀǘƛƻƴΦ 

 

Figure 9: Geothermal process diagram 

2.5 COOLING SYSTEM FOR EbhDL!Ω{ hw/ 

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

It has a great impact on the efficiency of an 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, this means also parasitic consumption is 
increased as well.  

9bhDL!Ωǎ ǎŀƭŜǎ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜǎ Ŏŀƴ ƘŜƭǇ ȅƻǳ ƛƴ ǘƘŜ ŘŜǎƛƎƴ ƻŦ ǘƘŜ ƻǇǘƛƳŀƭ ǎƻƭǳǘƛƻƴ ŦƻǊ ŎƻƻƭƛƴƎ 
down the ORC. 

hƴŜ ŎƻǳƭŘ ǳǎŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŀǎ ŎƻƻƭƛƴƎ ƳŜǘƘƻŘ ŦƻǊ 9bhDL!Ωǎ [¢±н hw/Υ 

Cooling only: 

¶ Dry cooler 

¶ Adiabatic cooler 

¶ Cooling tower 

¶ Cooling pond 

¶ River 

¶ Lake 

¶ District water 

Combined Heat and Power: 

¶ Process water 

¶ Floor heating 

¶ Dryer 

Other heat uses 
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2.6 MAIN PARTS PRESENTATION 

2.6.1 20 kW ORC MOBILE UNIT 

2.6.1.1 Whole assembly 

 

Figure 10:  Presentation of 20 kW ORC mobile unit. 

The 20 kW ORC mobile unit is made of ŀ нлΩΩ ŎƻƴǾŜǊǘŜŘ ŎƻƴǘŀƛƴŜǊΣ containing a 20 kW ORC, a dry 
cooler and a cold loop pump. This module only needs electrical connections and a hydraulic hot 
loop connection to work. 

The module is mounted on a trailer in to offer the possibility to move the system easily between 
two sites and make its use more flexible. 

The general control cabinet manages the ORC and all auxiliaries. 

 

Figure 11: Dimension of the 20 kW ORC mobile unit 
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2.6.1.2 20 kW ORC 

The ORC is composed as it is mentioned in section 2.3, the main components being the feed 
pump, the evaporator, the condenser, the turbine and the inverter. Other components ensure 
the proper functioning of the machine. There are two more loop inside the ORC units, the cooling 
turbine loops and the lubrication loop. The cooling turbine loop cools the generator part of the 
turbine, It is composed by an air condenser, a flow switch, an expansion tank and a cooling pump. 
The lubrication loop preserves the duration of the bearings; this loop consists of lubrication pump 
and pressure switch. 

 

Figure 12: Main components of the 20 kW ORC 
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2.6.1.3 Piping and Instrumentation Diagram 

The Piping and Instrumentation Diagram (P&ID) of Enogiaôs 20 kW ORC is presented in 

Figure 13. 

 

Figure 13: Piping and Instrumentation diagram of the 20 kW ORC mobile unit 

2.6.2 40 kW Stationary Unit 

2.6.2.1 Whole assembly 

9ƴƻƎƛŀΩǎ пл ƪW ORC stationary unit 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 up more space than 
the smaller 20 kW mobile unit. 
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Figure 14: Presentation of 40 kW ORC stationary unit 

 

 

Figure 15: Dimension of the 40 kW ORC stationary unit 

2.6.2.2 40 kW ORC 

The composition of the 40 kW ORC is similar to that of the 20 kW ORC, though it consists of two 
20 kW turbines, as presented on Figure 16Erreur ! Source du renvoi introuvable.. 
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Figure 16: Main components of the 40 kW ORC 

2.6.2.3 Piping and Instrumentation Diagram 

The tƛǇƛƴƎ ŀƴŘ LƴǎǘǊǳƳŜƴǘŀǘƛƻƴ 5ƛŀƎǊŀƳ όtϧL5ύ ƻŦ 9ƴƻƎƛŀΩǎ нл ƪ² hw/ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ Figure 17. 
















































