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1. Introduction
According to recent case studies and advance in literature and in technology, it results
important to underline how the increased available choices in the field of COGENERATION should lead
to a review of some information included in the current version of the BREF document for “ENERGY
EFFICIENCY”.
Furthermore, the availability of new approaches and tools for the preliminary evaluation for selecting
an effective cogeneration technology should be also remarked.

2. Analysis of the current BREF document
After a carefully analysis of the BREF document: “Reference Document on Best Available Techniques
for ENERGY EFFICIENCY” issued on March 2008, it is necessary to fix the following preliminary points:
1. HEAT RECOVERY is mentioned at point 3.3, but the associated techniques are limited to

the application of Heat exchangers and Heat pumps or of Chillers and cooling systems. As a
consequence this section of the BREF results quite limited.
2. COGENERATION techniques are indicated in BAT n. 20 as measures for improving energy

efficiency, stating that “Cogeneration opportunities should be sought on the identification
of possibilities, on investment either on the generator's side or potential customer's side,
identification of potential partners or by changes in economic circumstances (heat, fuel
prices, etc.)”.
3. COGENERATION techniques are indicated in Chapter 3 as “Techniques to consider for

achieving energy efficiency in energy-using”, at point 3.4 – Cogeneration, where only some
of the applicable techniques are described.
Furthermore, at point 3.4.1 some information are missing or should be more exhaustive on
nowadays known and already applied techniques, such as ORC turbogenerator.

3. Relieved discrepancies to be revised about “HEAT RECOVERY” and “COGENERATION”
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In the following lines, the information and data in the current BREF document are implemented or
compared with the investigated new and more detailed elements that should be mentioned in a
BREF document review.

Pag. 4

Rev. 02

NOTE on “HEAT RECOVERY” and “COGENERATION”:

Neither in § 3.3 – Heat Recovery nor in § 3.4.1 – Cogeneration is it explained the role of “Heatrecovery equipment” in terms of energy efficiency.
Heat-recovery equipment in CHP systems is used to capture thermal energy rejected from prime
movers and other heating sources and to make the recovered heat available for useful purposes.

Furthermore, the use of Heat Recovery equipment is identified as one of the useful action for energy efficiency mentioned in the proposal COM 370/ 2011 for EU Directive on Energy efficiency ( Rif.
Annex I PART II. Cogeneration technologies covered by this Directive pag. 35 and 36).

NOTE: the treating of ORC systems is limited in the current BREF document to the field of COGENERATION.

As a consequence, all the related notes are hereby illustrated as mandatorily linked only to the field
of cogeneration.

§ 3.4.1 – Cogeneration (See page 181)

a)

At page 181, in Table 3.20 (List of cogeneration technologies and default power heat ratios
[146, EC, 2004]) the values for some technologies are missing.
Furthermore, the table should be corrected as follows:
-

b)

“Organic Rankin cycles” is to correct with “Organic Rankine Cycles”;

At page 181, after the above mentioned Table 3.20, it is stated that: “The annual load versus
time curve can be used to determine the selection and size of a CHP”.
It should be also stated how:
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“In case of Heat Recovery with ORC technologies, it is actually proved that other and dedicated
evaluation tools can be also used.
For example, the tool reported in Figure. 1 has been developed during the H-REII project (ref.:
LIFE08 ENV/IT/000422). This tool (a.k.a. preliminary heat recovery analysis diagram) allows
pre-determining the needed quantities of mass flow rate (kg/s) and temperature (°C) for producing a desired power quantity (kW).”
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Figure 1 - Preliminary heat recovery analysis diagram

c)

From page 182 to page 189, some different types of cogeneration power plant are described.
According to the advances in terms of industrial installations, achieved benefits and reached
economical profitability, it should be added in the BREF document also a specific sub-section
on the ORC turbogenerators.

The characteristics and technical data of this cogeneration technology are then reported in the
following point “4. The ORC Technology”, where it is possible to find all the information usually
reported in the BREF documents (Description, Achieved environmental benefits, Cross-media effects,
Operational data, Applicability, Economics, Driving force for implementation, Examples).

Pag. 7

Rev. 02

4. The ORC technology

Description
In a typical ORC based heat recovery system, the heat contained in the waste exhaust gas is transferred indirectly -via a thermal oil circuit- or directly to the ORC plant.
The ORC plant produces electricity and low-temperature heat through a closed thermodynamic cycle
which follows the principle of the Organic Rankine Cycle (ORC).
As represented in figure 2, in the ORC process, designed as a closed cycle, the organic working medium is pre-heated in a regenerator and in a pre-heater, then vaporized through heat exchange with
the hot source. The generated vapour is expanded in a turbine that drives an asynchronous generator.
Leaving the turbine, the organic working medium (still in the vapour phase) passes through the regenerator that is used to pre-heat the organic liquid before vaporizing, therefore, increasing the electric efficiency through internal heat recovery. The organic vapour then condenses and delivers heat to
the cooling water circuit. After the condenser, the working medium is brought back to the pressure
level required (for turbine operation) by the working fluid pump and then preheated by internal heat
exchange in the regenerator.
The low-temperature heat is normally discharged to a thermal user or to the atmosphere through air
cooled radiators inserted in a closed cooling water circuit (evaporative cooling towers can also be
employed).
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The operation of the ORC plant is fully automatic in normal operating conditions as well as in shut
down procedures without any need of supervision personnel. In case of faulty conditions, the ORC
plant will be switched off automatically and separated from the thermal oil circuit and from the electrical grid.
The ORC module is designed to automatically adjust itself to the actual operating conditions:
variations on exhaust gas temperatures and flows (in reasonable span times) will not affect the
functionality of the system (but just the power output).

When compared to alternative technologies of comparable sizes (from 0.2 to 2 MWel production),
ORC plants demonstrate the following advantages:
o Very high turbine efficiency (up to 85 %)
o Low mechanical stress of the turbine, due to the low peripheral speed
o Low RPM of the turbine allowing the direct drive of the electric generator without reduction gear
o No erosion of blades, due to the absence of moisture in the vapour nozzles
o High cycle efficiency
o Long life
The technology shows many other advantages, such as simple start-stop procedures, quiet operation,
minimum maintenance requirements, good performances at partial load (operations at 10 % of the
nominal load are obtainable without incurring in any problem). The time required for the operation
and supervision of the unit might be estimated in three to five hours per week.
The ORC modules can be operated with good efficiency at partial load by simply changing the feeding
conditions (thermal oil flow or temperature). The ORC plants can, without any problems, be
automatically operated with values that differ from the nominal values for the thermal oil and hot
water temperatures. The operation of the plant either with higher hot water outlet temperatures or
lower thermal oil inlet temperatures leads to a decrease of the electric efficiency and therefore to less
electricity generation of the ORC plant.
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-

Heat Recovery system from exhaust gas: working principle
The heat contained in the exhaust gas is transferred indirectly -via a thermal oil circuit- or directly to
the ORC plant.
The ORC plant produces electricity and low-temperature heat through a closed thermodynamic cycle
which follows the principle of the Organic Rankine Cycle (ORC).
In the ORC process, designed as a closed cycle, the organic working medium is pre-heated in a regenerator and in a pre-heater, then vaporized through heat exchange with the hot source. The generated
vapour is expanded in a turbine that drives an asynchronous generator. Leaving the turbine, the organic working medium (still in the vapour phase) passes through the regenerator that is used to preheat the organic liquid before vaporizing, therefore, increasing the electric efficiency through internal
heat recovery. The organic vapour then condenses and delivers heat to the cooling water circuit.
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After the condenser, the working medium is brought back to the pressure level required (for turbine operation) by the working fluid pump and then preheated by internal heat exchange in the regenerator.
The low-temperature heat is normally discharged to a thermal user or to the atmosphere through air
cooled radiators inserted in a closed cooling water circuit (evaporative cooling towers can also be
employed).
The operation of the ORC plant is fully automatic in normal operating conditions as well as in shut
down procedures without any need of supervision personnel. In case of faulty conditions, the ORC
plant will be switched off automatically and separated from the thermal oil circuit and from the electrical grid.
The ORC module is designed to automatically adjust itself to the actual operating conditions: variations on exhaust gas temperatures and flows (in reasonable span times) will not affect the functionality of the system (but just the power output).

Achieved environmental benefits
Less consumption of primary energy resource and related less CO2 emission.

Potential CO2 emission saved by ORC in Italy
CO2 emissions - saving potentiality
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Figure 3 – Related achieved CO2 emissions
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Cross-media effects
Besides the obvious benefits of less usage of fossil fuels and electricity, with the related reduced CO2
emissions, there is a consequent reduction of energy costs and a rapid return of investment.
Furthermore the waste heat recovery leads to an increased competitiveness due to the production of
electric power for self-consumption or for selling it to the electrical grid.

Operational data
The operational data depend on the field of application (process) and on the size of the ORC.
Usually, the technical parameters in common with all the cases are: thermal energy waste state
(fluid/gas), mass flow (Nm3/hour); Temperature (°C) and working hours (hours).
Other parameters are important in case of refining the investigation of the achievable performances.
An example of ORC technical characteristics applied in industrial fields is reported in Figure 4.

Figure 4 – ORC technical characteristics (Data are referred to Turboden ORC products)

Applicability
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The organic Rankine cycle (ORC) turbogenerator is an effective power plant for decentralized small- to
medium-scale energy applications, for an electric power output ranging, currently, from approximately
500 kWe up to about 10 MWe.
The most relevant applications of ORC plant in heat recovery from industrial processes are currently
represented by energy intensive industries as: Cement, Glass, Steel.
Examples on the field are available in the following cases:
Heat recovery on mechanical equipment and industry processes;
Heat recovery on internal combustion engines (gas turbines and reciprocating engines);
Biomass combined heat and power.
Other important characteristic is the choice of the working fluid in order to optimize the overall functioning and to maximize the cycle efficiency.
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Economics
The economic viability of such systems is critically dependent on the installed cost of the system,
system maintenance costs and, basically, on the electricity selling price to the grid.
Due to its high specific investment cost, a careful design of the ORC system is needed in order to
define the best sizes of all equipment installed. Furthermore, the advantages related to heat recovery
in some energy intensive industrial processes (Steel, Cement, Glass) have already been studied and
quantified in Italy, during the activities of H-REII project (ref.: LIFE08 ENV/IT/000422). Examples are
hereby reported in the following Figure 5.

Potential production of Electric power by ORC processes in Italy
Energy - Power production potentiality
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Figure 5 Benefits from ORC technology
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Driving force for implementation
Cogeneration is one of the main ways to bring about decentralized or localized power production, i.e.,
production placed close to the point of utilization, minimizing transport losses and enhancing the total
energy efficiency.
As shown also by the following Figure 6, the ORC profitability is increased if applied in energy intensive processes where waste heat is at relative low temperature.
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Gas temperature
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Gas Mass Flow (Kg/s)

Figure 6 – Boundary conditions graph

Obvious benefits are also the lower consumption of fossil fuels and electricity, with consequent
reduced CO2 emissions and reduction of energy costs.
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Examples
In the following lines ( Figure 7) are listed the main examples of installation of an ORC in industry
processes (courtesy of Turboden, Italy)

Country
Italy

Application
Heat Recovery

Gas temperature
300/350 ° C

Size of ORC
Turboden 18 HR Split (1.8MWe)
In operation since IV quarter 2010

Italy

Heat Recovery

300/350 ° C

Turboden 6 HR Split (0.6MWe)
In operation since IV quarter 2008

Italy

Heat Recovery

300/350 ° C

Turboden 6 HR Split (0.6MWe)
In operation since II quarter 2009

Italy

Heat Recovery

300/350 ° C

Turboden 40 HR Split (3.8MWe)
Under construction

Italy

Heat Recovery

300/350 ° C

Turboden 6 HR direct exchange (0.6MWe)
Under construction

Italy

Heat Recovery

450° C

Turboden 6 HR Split (0.6MWe)
In operation since II quarter 2010

Germany

Heat Recovery

450° C

Turboden 6 HR (0.6MWe)
Under construction

Germany

Heat Recovery

450° C

Turboden 10 HR Cogenerative (1MWe)
Under construction

Germany

Heat Recovery

300/350 ° C

Turboden 6 HR Cogenerative (0.6MWe)
Under construction

Germany

Heat Recovery

300/350 ° C

Turboden 10 HR (1MWe)
Under construction

Finland

Heat Recovery

450° C

Turboden 14 HR (1.3MWe)
In operation since IV quarter 2011

Figure 7 examples of installation of an ORC in industry processes
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