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AC
AHU

APF
CAV
CDD
CHF
COP

1. Air Conditioning 2. Alternate Current
Air Handling Unit
Annual Performance Factor. A single figure of merit, weighted average of the heating and
cooling seasonal performance factors. It is used as the main indicator of consumption for
air conditioners in Japan.
Constant Air Volume
Cooling degree days
Cooling and Heating Floor application, refers to water temperature levels for chillers and
water based heat pumps defind in the EN14511 standard.
Coefficient of Performance (used in this study for the heating mode)

Direct eXpansion air conditioner or air conditioning system ; it designates an air
conditioning product/system in which no secondary fluid as water is used as a heat
DX
transfer media between the refrigerant fluid and the air to be cooled.
EER
Energy Efficiency Ratio
ESEER European Seasonal Energy Efficiency Ratio (indicator used by Eurovent for chillers)
EUCC Electricity Use per (installed nominal) Cooling Capacity
GEHP Gas engine heat pump
HDD
Heating degree days
Heating Seasonal Performance Factor. This acronym is used in Japan and in the USA,
HSPF instead of seasonal coefficient of performance used in Europe in prEN14825 standard.
HVAC Heating Ventilation and/or Air-Conditioning
IAQ
Indoor Air Quality

IPLV
LCDD

NPLV
SCDD
SCOP
SEER
SFP
TCDD
VAV
VRF
VSD
WC

Integrated Part Load Value: a measure of the seasonal performance of chillers used in the
USA ; it was also used but has been replaced by the IEER for air-to-air conditioners larger
than 12 kW.
Latent cooling degree days
Non-Standard Part-Load Value (AHRI 550/590:2003). “A single number part-load
efficiency figure of merit calculated per the method described in this standard referenced
to conditions other than IPLV conditions.”
Sensible cooling degree days
Seasonal coefficient of performance (seasonal performance indicator for the heating
mode)
Seasonal Energy Efficiency Ratio
Specific Fan Power (in W per m³/s)
Total (sensible + latent) cooling degree days
Variable Air Volume
Variable Refrigerant Flow
Variable Speed Drive
Water Cooled

Note: this list of acronyms is not exhaustive but gathers the notations that are used all along the study.
When specific notations are used only in a part of the report, these are explained when the accronym
is first introduced.
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Ecodesign study ENTR Lot 6: “Air conditioning and Ventilation Systems”
This report answers to the Specifications of the Call for Tender on Sustainable Industrial Policy –
Building on the Ecodesign Directive – Energy-Using Product Group Analysis/2, Lot 6: Air-conditioning
and ventilation systems, Contract No. ENTR/B1/35-2009/LOT6/ SI2.549494. It is coordinated by
Armines with VHK and BRE as subcontractors.
The sole responsibility for the content of this report lies with the authors. It does not necessarily
represent the opinion of the European Community. The European Commission is not responsible for
any use that may be made of the information contained therein.
This study follows the Ecodesign general methodology, applicable to all lots on energy-using product
groups, is subdivided as follows;
¾ Part A) Present situation (tasks 1-4: Definition, Economic and Market Analysis, User
Requirements, Assessment of Base-Case)
¾ Part B) Improvement potential (tasks 5-7: Technical Analysis BAT and BNAT, Ecodesign
Improvement Potential, Policy and Impact Analysis)
Air conditioning in its broader accepted meaning refers to any kind of air treatment that enables to
ensure comfort requirements of the occupants inside a building: temperature and humidity control,
Indoor Air Quality.
In this study, air conditioning and ventilation systems refer to systems ensuring the cooling function,
and possibly the heating function, the control of ventilation, humidity and air cleanliness.
The control of the ventilation and of the air cleanliness is covered in this study in the separate report
on ventilation systems. Interactions are of course to be taken into account, whether the same system
or not stands for the ventilation and air cleanliness, temperature and humidity control.
Scope overview
The focus is on air conditioning systems in human occupied buildings to ensure comfort air
conditioning. The cooling products that ensure this main function are cooling cycles that can extract
heat directly in the room and reject it directly to the outside. Part of the cooling generators may also
supply heating and this function is considered here in order to consider the full environmental impact
of the air conditioning products. For each system type, AC systems are made of a large number of
components. Nevertheless, the number of ecodesign products in these systems is intended to be
limited to what follows in this study:
1. Air conditioners > 12 kW and air conditioning condensing units
- Package, split and multi split air conditioner [air-to-air > 12 kW, water-to-air, evaporatively cooled]
and positive temperature air condensing units [air-cooled, water-cooled, evaporatively-cooled]
- VRF systems (centralized air conditioning systems with refrigerant fluid as the main media to
circulate and extract heat from the building) [air-to-air and water-to-air]
2. Chillers for air conditioning applications [air-to-water, water-to-water, evaporatively-cooled]
3. Terminal units to extract heat from the space to be conditioned
- Fan coils
4. Heat rejection units means from the cooling system
- Cooling towers
- Dry cooler
Specific renewable solutions with limited applicability such as earth pipes, seawater cooling are not
included. Applicability of desiccant, evaporative and solar cooling as potential design options is to be
specified in the study.
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INTRODUCTION
The technical tender specifications for the Task 1 subtasks are:
Subtask 1.1 - Product classification and definition
Classification and definition of the products based on the following categorizations:
¾ Prodcom category or categories (Eurostat);
¾ Categories according to EN- or ISO-standard(s);
¾ Other product-specific categories (e.g. labelling, sector-specific categories), if not defined by the
above.
In particular, the classification and definition of the products shall be linked to the assessment of
¾ The primary product performance parameter (the "functional unit")
If needed, on the basis of functional performance characteristics and not on the basis of technology, a
further segmentation can be applied on the basis of
¾ Secondary product performance parameters.
The resulting product classification and definition will be confirmed by a first screening of the volume of
sales and trade, environmental impact and potential for improvement of the products as referred to in
Article 15 of the Ecodesign Directive.
Subtask 1.2 – Measurement and other standards
Identification and short description of the relevant measurement and other standards for the products.
Specifically :
Subtask 1.2.1 - Standards at European Community level
¾ the harmonised measurement standards;
¾ and additional sector-specific directions for product-measurement;
¾ regarding the measurement procedures for:
¾ the primary and secondary functional performance parameters mentioned above;
¾ resources use and emissions during product-life;
¾ safety (gas, oil, electricity, EMC, stability of the product, etc.);
¾ product quality;
¾ noise and vibrations (if applicable).
As well as any other standard relevant for the products regarding the technical, economic,
environmental and ecodesign analysis carried out in the study.
Apart from existing standards, it will be reported which new (harmonised) standards are under
development, which problems exist and what alternatives are discussed. The (ongoing) work for
programming standardisation work in the field of ecodesign of Energy using Products, mandated by
the European Commission to standardisation bodies (EuP M/341) will be considered. This analysis will
prepare the ground, together with the following tasks, for evaluating the needs and generic
requirements for standards to be developed in task 7.1.
Subtask 1.2.2 - Standards at Member State level

6

This section deals with the subjects as above, but now for standards that have been indicated by
stakeholders (NGOs, industry, users) as being relevant for the products at Member State
level.
Subtask 1.2.3 - Third Country Standards
This section again deals with the subjects as above, but now for standards in Third Countries (extraEU) that have been indicated by stakeholders as being relevant for the product group.
Subtask 1.3 - Existing legislation
This task will identify and analyse the relevant legislation for the products. It will be subdivided in three
parts:
Subtask 1.3.1 - Legislation and Agreements at European Community level
Apart from the obvious environmental legislation such as the IPPC Directive, this includes building
legislation (EPBD and CPD), renewables (RES), regulations on health and labour conditions, labelling
directives, product safety, EMC etc., including relevant standards interpreting such instruments. EU
Voluntary Agreements and already existing ecodesign regulations for the sector's products or related
products will be identified.
Subtask 1.3.2 - Legislation at Member State level
This section deals with the subjects as above, but now for legislation that has been indicated by
stakeholders as being relevant for the products at Member State level.
Subtask 1.3.3 - Third Country Legislation
This section again deals with the subjects as above, but now for legislation and measures in Third
Countries (extra-EU) that have been indicated by stakeholders as being relevant for the product group.
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1.
1.1.

SUBTASK 1.1 - PRODUCT CLASSIFICATION AND DEFINITION
AIR CONDITIONING
1.1.1.

Definition

Air conditioning in its broader accepted meaning refers to any kind of air treatment that enables to
ensure comfort requirements of the occupants inside a building: temperature and humidity control,
Indoor Air Quality.
Air conditioning systems are defined in the standard EN15240 as systems enabling to supply all these
functions.
air conditioning system(EN 15240: 2007)

combination of all components required to provide a form of air treatment in which temperature is
controlled, possibly in combination with the control of ventilation, humidity and air cleanliness
In practice, the systems encompassing all these functions may also be called HVAC systems
(EN15243: 2007), HVAC standing for Heating, Ventilation and Air Conditioning.
In what follows, air conditioning refers to systems ensuring the cooling function, and possibly the
heating function, the control of ventilation, humidity and air cleanliness. The heating function of air
conditioning systems is also analysed by other ecodesign preparatory studies1. This study will build on
and, if necessary, complement the heating function analysis of these studies, in particular the
interaction between cooling and heating function of air-conditioning products, to propose appropriate
cooling and heating requirements for air-conditioning products in task 7.
The control of the ventilation and of the air cleanliness is covered in this study in the separate report
on ventilation systems. Interactions are of course to be taken into account, whether the same system
or not stands for the ventilation and air cleanliness, temperature and humidity control.
1.1.2.

Temperature and humidity control

Comfort zone
Comfort conditions regarding temperature and humidity are defined in the EN15251 standard, which is
described hereafter in the subtask 1.2.1. This standard defines a temperature and humidity zone
suitable to comfort in human occupied buildings. An example of comfort zone is given in the figure
below in the humid air diagram (with temperature in X axis and absolute air humidity in Y axis). The
thermal function of all HVAC systems is to ensure that the indoor air temperature and humidity lie in
the comfort zone.

1

ENER Lot 1: Boilers and combi-boilers (gas/oil/electric)
ENER Lot 10: Airco and ventilation (residential) – heating function of reversible air conditioners
ENER Lot 20: Local room heating products
ENER Lot 21: Central heating products using hot air to distribute heat (other than CHP)
8

Figure 1 - 1 . Example of comfort zone conditions in the humid air enthalpy diagram

Humid air unitary operations
To this purpose, HVAC systems combine basic humid air transformations to maintain indoor air to
comfortable conditions. These four ideal functions are represented in the figure below: heating,
cooling, humidification and dehumidification.

Figure 1 - 2 . Basic air conditioning functions in the humid air enthalpy diagram

In winter, the heating system brings cold outside air to higher temperatures. For very cold winter time,
the absolute content of water in the outside air is low and humidification can be required in addition to
9

heating. In summertime, whether humidity content of the air is too high, dehumidification may be
required.

1.2.

AIR CONDITIONING SYSTEMS

This part gives an overview of air conditioning systems starting from physical principles and going until
the energy related product description. An air conditioning system is considered here as a system
designed to maintain the temperature and humidity of indoor air in the required comfort zone for a
given heat load to be extracted. This means the focus of this study is on cooling and dehumidification.
The heating function of air conditioning systems and products is also systematically addressed..
Cooling
The physical principle used to cool the air is most of the time convection: air to be cooled is forced
through an heat exchanger in which cold water or refrigerant is circulating. Radiative cooling is also
used: in the case of cooling floors or panels, heat is extracted from the room partly by radiative heat
transfer and convective heat transfer.
For convective and radiative cooling, a refrigeration cycle is used. A refrigeration cycle is a
thermodynamic cycle that enables to cool a refrigerant below the temperature of the heat carrier to
extract the heat from the heat carrier. Two main technical types of refrigeration cycles are used to this
purpose, vapour compression refrigeration cycles and absorption/adsorption refrigerant cycles. For
both types of systems, the internal heat carrier is a refrigerant fluid.
In a vapour compression cycle, the refrigerant fluid evaporates in a heat exchanger in contact with
the heat carrier to be cooled. The heat is thus extracted from the sink and the refrigerant evaporates in
this heat exchanger. It then enters a compressor at low temperature and pressure and leaves it at high
pressure and temperature. The refrigerant then enters a second heat exchanger where it cools down
and condenses. The heat is thus released to the source heat carrier. The mechanical compression
energy is generally supplied by an electric motor. However, the compressor can also be directly
coupled to an engine. Products with gas engines are available on the EU market.
In absorption machines, which are also present on the EU market even if scarce, the refrigerant
vapour is absorbed by a fluid called absorbent. The resulting solution is then heated and the
refrigerant boils and enters the condenser. The heating energy is generally supplied by a gas burner
or by renewable energy (recovered heat or solar heat). On the principle, adsorption machines work
on a similar basis but with the refrigerant being fixed at the surface of a solid that is heated. This is not
commonly used for cold generators except for renewable heat sources (solar and waste heat). Solar
refrigeration is part of what is generally called “low energy cooling techniques”.
Evaporative cooling is also generally included in these systems.
Evaporative cooling2 is an air-conditioning process in which the evaporation of water is used to
decrease the dry-bulb3 temperature of the air. Evaporative cooling works on the principle of heat
absorption by moisture evaporation. It can be divided upon three main types, as follows.
Direct evaporative coolers:
Direct evaporative cooling consists in blowing outside air through a water-saturated medium. Thus,
outside air is cooled by evaporation and then blown throughout the house. Direct evaporative cooling
requires essentially a large fan with water-moistened pads in front of it.
2

ENER Lot 10, Introduction to Lot 10 Study - Products and scope definition, Aug. 2007,
www.ecoaircon.eu.
3
The dry bulb is the temperature of moist air (thermodynamic temperature of air) and the wet bulb
(also called thermodynamic wet bulb temperature) is the lowest air temperature achievable by
evaporating water into the air to bring the air to saturation adiabatically. The wet-bulb temperature is
unique for a given temperature (dry-bulb) and humidity content of moist air (at a given pressure) and
thus may be used as an indication of the humidity content of the air.
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Direct evaporative cooling adds moisture to the air stream (coming from outside) until this air stream is
close to saturation. The dry bulb temperature is reduced, while the wet bulb temperature does not
change.
Indirect evaporative cooling:
For indirect evaporative cooling, a secondary air stream is cooled by water like outside air in direct
evaporative coolers. The cooled secondary air stream goes through a heat exchanger, where it cools
the primary air stream that comes from outside. The cooled primary air stream is then blown
throughout the house. Indirect evaporative cooling does not add moisture to the primary air stream.
Both the dry bulb and wet bulb temperatures are reduced.
Indirect plus direct
With indirect/direct evaporative cooling, outside air is cooled first by indirect evaporative cooling and
then by direct evaporative cooling.
The following psychometric chart summarizes the three types of evaporative coolers. Indirect
evaporative coolers enable to change climatic conditions from A to B (both dry and wet bulb
temperatures are reduced). Direct evaporative coolers enable to change climatic conditions from B to
C (the wet bulb temperature does not change) and the indirect plus direct evaporative coolers from A
to C.

Figure 1 - 3 . Air enthalpy diagram, illustration of the 3 types of evaporative cooling (source ENER Lot 10
study)

Direct evaporative cooling system is useless when the wet bulb temperature is higher than 20 °C or
when the dry temperature is about 30 °C and humidity is higher than 40 %. Evaporative cooling is
often promoted as a green (without refrigerant) and inexpensive way to cool dwellings. Nevertheless,
the comfort levels reachable with evaporative cooling greatly depends on the outside climatic
conditions and do not always enable to respect satisfactory thermal conditions (such as ones defined
in comfort standards for example). Thus, particular attention must be paid to determine under what
range of temperature and humidity evaporative cooling can deliver the required comfort thermal
conditions.
Desiccant cooling
“Desiccant evaporative cooling systems appear as an alternative to classical air-conditioners. The
principle consists in drying the air in order to get a high potential of evaporative cooling of air. This
technique is refrigerant free and uses few of electricity. In the other hand, as it is necessary to
regenerate the desiccant wheel, thermal energy is required to heat up the wheel at temperatures in
the range of 50–100 °C. The use of solar energy or waste heat can make this technique interesting.”
(Stabat, 2009).
The potential of this type of system has been explored in the past few years in France (Stabat, 2003).
The required air flow rates per kW cooling is relatively high and limits its potential application as a
standalone air conditioning system in a standard climate.
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Both evaporative and desiccant cooling may find some well targeted climates and application (large
volume spaces) where their application is competitive. They can also be used in hybrid cooling
solutions to decrease the working hours of standard refrigeration solutions.
Dehumidification
Air conditioning systems generally ensure dehumidification thanks to the cooling coil, the heat
exchanger4 between the chilled water or cold refrigerant and the air. This process is the standard
solution used in air conditioning systems in buildings. It generally enables to keep the relative humidity
within the comfort zone (30 to 70 % according to EN15251) but not to maintain a specific humidity
ratio.
In some specific buildings (process, operation rooms in hospitals ...), humidity is to be controlled. In
order to reach for instance 50 % instead of 70 % relative humidity, it is necessary to increase the
dehumidification potential. This is generally done by decreasing the coil surface temperature which
means the air leaving the coil is colder than required for comfort and then must be heated again. This
has an energy cost, first because cooling with lower refrigerant or chilled water temperature to
increase the dehumidification decreases the cooling efficiency and second because the air must be
reheat before re-entering the comfort zone.
Alternative solutions do exist to increase the dehumidification capability of air conditioning systems.
They are discussed in the air handling section.
Heating
Air conditioning systems may also ensure the heating function by using the same heat transfer means
as for cooling (convective, radiative). The cooling generator can be the same as the heating generator
(then it is called a reversible product) or additional heating products can be used. More details are
given below regarding the heating function of air conditioning systems (§ 1.2.1) and reversible air
conditioning products (§ 1.2.2, 1.2.3, and 1.2.4).
1.2.1.

Main types of air conditioning systems

There is a wide variety of different air conditioning systems. Several classifications can be found (Air
conditioning manuals and handbooks, EECCAC5 Study ...). The study will use in a first attempt the
system classification proposed in the annex A of the standard EN15243:2007 which separates air
conditioning systems depending on the type of cold production unit and cooling distribution system.
This standard makes 3 categories, “all-air systems”, “water-based systems” and “package air
conditioning units”.
All-air systems
In all-air systems, cold air is produced centrally and distributed amongst the room to be cooled. Cold
air is produced in an AHU with supplied air passing through a cooling coil. The cooling coil is normally
fed with water chilled by a refrigerating machine called chiller (cooling liquid) but it can also be
supplied directly by a refrigerant to air coil (DX6 coil). In that case, the cool refrigerant is supplied with
an air conditioning condensing unit. All air systems can also ensure hot air heating. In that case, a
heating coil is used in the air handling unit. The coil can be a refrigerant to air coil fed with refrigerant

4

A cooling coil is a technical name used by professionals to describe a heat exchanger between
chilled water (or refrigerant) and air to be cooled.
5
(EECCAC, 2003)
6
DX: Direct eXpansion (or eXchange) air conditioner or air conditioning system. It designates an air
conditioning product/system in which no secondary fluid as water is used as a heat transfer media
between the refrigerant fluid and the air to be cooled.
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by a reversible air conditioning condensing unit, a water/steam to air coil or an electric resistance. Hot
water can be supplied by a reversible chiller or any other type of boiler.
These HVAC systems are made of:
-

a refrigeration plant: water coil + chilled water plant or refrigerant to air coil and the associated
air conditioning condensing unit. The benefit of an included refrigeration system instead of a
water based system is a space and cost gain.

-

a heating plant (if the system also ensures heating), either {DX coil + reversible air
conditioning condensing unit} or {water based coil + boiler plant},

-

an AHU (Air Handling Unit7), i.e. the casing and the motor + fan assembly, which can include a
filter section, a heating coil section, a cooling coil section and possibly other sections for air
humidification, purification and so on,

-

ducts for air distribution,

-

terminal units to deliver treated air to the rooms ; they can supply complementary
heating/cooling and possibly additional functions.

-

Sometimes, all the cooling/heating needs can be supplied by the system, sometimes because
of different needs in different parts of the building it cannot; in that case, a supplementary
heating system can be used; it is sometimes called “perimeter heating”.

Subtypes are defined to represent the main types of air distribution systems for all air systems. The
USA classification and definitions (ASHRAE, 2000) are summarized here as air based systems are
more popular in the USA than in Europe. The system classification first considers whether a single
duct or two ducts are used, secondly whether the air flow rate is constant or not (constant or variable
volume) and third, the design will differ depending upon the number of different zones (parts of the
building with different thermal requirements) to be treated.
-

Single duct systems: the main heating and cooling coil are located in a central AHU and a duct
supplies the same air to all terminal units.
o

o

-

Constant volume


Single-zone system: it is the simplest system. Air flow rate is maintained
constant and temperature of cold air varied by the coil capacity. The coil
surface temperature is controlled in order to maintain adequate
dehumidification in a typical temperature regime at design conditions of 7 – 12
°C (outlet/return) in Europe.



Multiple-zone reheat system: the previous system is modified by simply adding
reheat terminal coils that enable to treat zones with different thermal needs.
This is a particularly inefficient system because of the successive cooling and
heating of the same air stream.

Variable volume: as opposed to constant volume systems, the air flow is varied and
the temperature of the cold stream is maintained constant. A VAV terminal unit
adjusts the required air flow of cold to the zone cooling needs. Humidity control is not
optimal with VAV systems and a number of adaptations may be required. Dualconduit VAV system is an extension of these systems: two separate systems are
used, one CAV system duct supplying heat or cold for transmission losses and one
VAV system adjusting the requirements for perimeter loads. Variable diffuser can also
be used in which the air flow aperture is varied with air flow pressure in order to
maintain a high induction level.

Dual-duct systems: cold and hot air are prepared centrally and mixed in the air diffuser at zone
level. These systems can work with constant or variable air flow rates. They are thought to be
rather uncommon in Europe.

7

AHU: Factory made encased assembly consisting of sections containing a fan or fans and other
necessary equipment to perform one or more of the following functions: air supply, air exhaust,
filtration, heat recovery. Additional functions may be integrated (heating, cooling, circulation,
(de)humidifying, mixing). (ENTR Lot 6, Ventilation report, Task 1)
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-

Multi-zone systems: they are similar to dual duct systems except the air preparation is done
centrally and a duct distributes the prepared air to each zone. They are thought to be rather
uncommon in Europe.

One important point for ENTR Lot 6 study is that the cooling (and possibly heating) function and the
ventilation function are ensured by the same air handling unit, while the air flow required for ventilation
only is much lower than the one required for cooling/heating whether the AHU of the air system is to
satisfy ventilation plus zone cooling/heating requirements.
Water-based systems
For water based systems, chilled water is prepared centrally and distributed among the different
rooms. Terminal units ensure cooling and possibly dehumidification, some of them being reversible.
The conditions of distribution vary depending on the terminal unit types. Ventilation air is brought to
the zone by an AHU which can be of different types, extraction fan, balanced ventilation with heat
recovery or a dedicated outdoor air system8. Water based systems can also ensure heating which can
be done with the same terminal units or additional radiators. Depending on the terminal units, the hot
water can be prepared by a reversible chiller or any other type of boiler.
These HVAC systems are made of:
-

a chilled water plant,

-

a hot water plant (if the system also ensures heating),

-

an AHU,

-

the water loop that feeds the terminal units (and potentially the cooling coil of the AHU),

-

ducts for air distribution,

-

terminal water to air units that can supply heating/cooling and possibly additional functions
(like dehumidification and air filtration),

-

potential specific terminal units, radiators, if the cooling and heating systems, are different.

Several types of terminal units can be used (EN15243:2007): fan coils (water to air heat exchanger
with a fan to force convection), induction units, radiant cooling panels (including cold ceilings), passive
and active chilled beams, embedded systems (cold pipes buried in the concrete under the floor), water
to air reversible air conditioners. These terminal units are discussed in more detail in § 1.2.4.
Water to air package air conditioners can be used in water loop heat pump systems. A schema of
such a system is given hereunder. The heat extracted from a room to be cooled is rejected to a central
water loop. If another room is to be heated, heat is extracted from the central water loop thanks to the
water to air unit. As for VRF9, this system is particularly useful for buildings with simultaneous needs of
cooling and heating. The central water loop temperature is generally floating between 15 and 30 °C,
maintained by a cooling tower or chilling plant and a boiler.
Figure 1 - 4 . Water loop heat pump system : source (AUDITAC, 2006) study)

8

In a dedicated outdoor air system, ventilation air is pre-treated by a dedicated air handling unit and is
distributed in neutral conditions, for instance with a dry bulb temperature of 19 °C to the room. There,
terminal units control space temperature for local loads. This is a common situation for ventilation
systems associated to water based and package refrigeration systems.
9

VRF: Variable Refrigerant Flow system. More information is given in § 1.2.2.3 VRF systems.
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Another way to recover the heat when simultaneous heating and cooling occur is to recover the heat
of a water to water chiller to heat part of the building while the chiller feeds the zones requiring cooling.
The excess heat can be extracted through a cooling tower. A geothermal installation enables to
perform the same operation in winter, by storing cold when heating is majoritarily required and heat in
the summer.
Autonomous air conditioning units
The standard EN15243:2007 uses the wording “Package” air conditioning units for this last category ;
nevertheless, package is normally used to distinguish split units from package units (all components
on a single mounting) and is thus replaced here by autonomous. Autonomous means which does not
require other components to perform its duty (as terminal units, fans, pumps for all air or water
systems). Autonomous air conditioning units in the standard EN15243:2007 can be of the following
types: room air conditioner, package with the meaning here of the EN14511:2007 standard (ie a
packaged unit is a factory assembly of components of refrigeration system fixed on a common
mounting to form a discrete unit), split system and multi-split system. For these three types of units,
ventilation is ensured centrally by a dedicated ventilation system while terminal units ensure local
temperature control and possibly dehumidification.
The common ground of these systems is that the cooling coil is a refrigerant to air heat exchanger.
They are sometimes called DX (direct expansion) air conditioners as there is no secondary fluid as
water for water based units between the refrigerant and the cooled air. Above the previous categories
mentioned (package, split and multi-split), VRF is a specific type. More details are given in the §1.2.2.3
VRF systems.
All these air conditioning systems may be reversible.
1.2.2.

Cooling generators

Usual classification
Cooling generators working on the refrigeration principle (absorption / adsorption / vapour mechanical
compression) are generally classified according to the heat carrier type of their source and sink. A
table is proposed in EN14511:2007 and reproduced hereunder that summarizes the standard
classification.
Table 1 - 1 . Classification of air conditioners and chillers by source and sink fluids, EN 14511:2007

Heat transfer medium
Outdoor heat
Indoor heat exchanger
exchanger
Air
Air
Water
Air
Brine10
Air

Classification
Air/air heat pump or air cooled air conditioner
Water/air heat pump cooled air conditioner
Brine/air heat pump or brine cooled air conditioner

10

Brine is a mixture of water and of another liquid like propylene glycol freezing below 0 °C; its use
enable to carry heat at lower temperature than 0 °C. In the EN14511 standard, this is required for
geothermal heat pumps.
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Air

Water

Water

Water

Brine

Water

Air/water heat pump or air cooled liquid chilling
package
Water/water heat pump or water cooled liquid
chilling package
Brine/water heat pump or brine cooled chilling
package

Electrically driven vapour compression cycles, source (EECCAC, 2003) , adapted)
Evaporation of the liquid "refrigerant" (R410A, R407C, R134a, Ammonia, hydrocarbon, etc.) creates
the "cold" in the evaporator, which subsequently absorbs heat from the refrigerated space. The
characteristics of the evaporator technology depend primarily on the required application and the type
of cold source. Two broad categories exist:
-

air-cooled evaporators, or direct expansion evaporators, both consisting of a pack of finned
tubes through which the air is forced; in that case the cooling generator is called an air
conditioner;

-

liquid-cooled evaporators, consisting of a tubular shell in which the refrigerant expands and
cools a fluid circulating in a bundle of tubes inserted in the shell (flooded evaporator), or
conversely the refrigerant can vaporizes inside the tube and cool the water circulating in the
shell, ; in that case the cooling generator is called a chiller;

After its full evaporation the refrigerant vapour is compressed using a compressor for which the
following main technologies are used:
-

rotary compressor

-

scroll compressor

-

reciprocating compressor

-

screw compressor

-

centrifugal compressor

A wide range of technologies are used to couple the compressor to the electric motor:
-

open type or accessible compressors, presenting detachable parts to access the compressor’s
main components and coupled to separate electric or thermal engines. They can be used with
any refrigerant but are generally employed in systems with medium to high cooling capacity.

-

Hermetic compressors, which have their body directly coupled to an electric motor cooled by
the refrigerant and enclosed in a totally sealed shell; these are generally used for systems with
a small to medium cooling capacity.

-

"Semi-hermetic" compressors that are similar to the hermetic type compressors but whose
shell can be dismounted. They are generally used for systems with medium cooling capacity.

After its compression the refrigerant vapour is condensed while evacuating the heat corresponding to
the one absorbed at evaporator level and the thermal equivalent of the work of the compressor. The
condenser technology depends primarily on the required application and the heat source.
Condensers used in CAC systems are divided into three categories:
-

air-cooled condensers consisting of a finned tube heat exchanger. The primary factor which
influences the performance of the condenser is the outside air temperature.

-

water-cooled condensers consisting of finned tubes with internal grooves to increase the heat
transfer surface area and the overall heat transfer coefficient. The temperature and flow rate
of water have the greatest influence on the condensing temperature. The water used as the
coolant may be from a natural water source (such as a river or aquifer) or from re-circulated
water that’s been cooled in a cooling tower. The coolant may also contain some anti-freeze
additive and is then called brine.
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-

evaporatively-cooled condensers, which are used in industrial applications ; water is sprayed
in the outdoor air stream at the inlet of the condenser in order to decrease the inlet dry bulb air
temperature at the condenser using the evaporative cooling process.

Water cooled products or systems are used with a heat rejection system, that can be natural or aquifer
water, an air to water heat exchanger potentially sprayed with water to decrease the air dry bulb
temperature, and different types of cooling towers.
After condensation the refrigerant is expanded by an expansion valve, which is used to throttle the
refrigerant fluid back to the evaporator pressure and to control the refrigerant flow. Three systems are
used:
-

expansion devices with a constant pressure difference, which is rather uncommon in new
systems,

-

thermostatic expansion valves in which the aperture is controlled via the superheating,

-

electronic expansion valves that are also controlled via the superheating but electronically.

1.2.2.1 Chillers
Chillers can be air cooled, evaporatively-cooled or water cooled.
Electric driven chillers can use the five main technologies of compressors depending on their
capacities. Cooling capacity ranges from a few kW for mini-chillers to several MW for large industrial
chillers. Mini-chillers are typically dedicated to small commercial buildings (shops) or residences and
supply fan coils or cooling floors.
The new products include the following components:
-

Refrigerant fluid used: R410A (for rotary and scroll compressors), R407C (for all but
centrifugal compressor), R134a (for rotary screw and centrifugal compressors)

-

Compressor type: all types although reciprocating compressors have almost disappeared from
the chiller product range,

-

Expansion valve: thermostatic and electronic

-

Evaporator (cooling mode): plate heat exchanger and tube and shell for large capacities

-

Condenser (cooling mode): water cooled chillers use plate heat exchanger and tube and shell
and air cooled heat exchanger use tube and fins coils.

There are several energy saving options for chillers, including:
-

free cooling (either by adding an extra air to water heat exchanger or by using the refrigerant
cycle with a pump to transfer heat via the refrigeration circuit with a pump instead of the
compressor)

-

evaporatively-cooled condensers (as compared to air cooled chillers),

-

the possibility to use variable speed pumps on the chiller circuit (that can be included to the
chiller for small capacity units).

Chillers can be reversible and then called reversible chillers or heat pumps. Only chillers equipped
with centrifugal compressors are never reversible.
It is common practice to associate several chillers in a refrigeration plant in order to minimise the life
cycle cost of the plant.
Figure 1 - 5 . An air cooled chiller (courtesy Climaveneta) and a water cooled chiller (Courtesy Carrier)
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Gas engine chillers are not directly available in Europe. Nevertheless, some manufacturers propose
integrated solutions with a gas air to air air conditioner and a standard refrigerant to water kit to adapt
air to air gas motor air conditioner to gas air to water chiller. These are available for low to medium
cooling capacities. These products are reversible.
Figure 1 - 6 . Air to water kit for gas engine air to air air conditioner (source AISIN)

Common absorption machines are chillers and may be reversible. They used to compete on the large
capacity market (more than 300 or 400 kW cooling capacity). In these sizes they use a solution of
lithium bromide and water, under vacuum, as the working fluid. LiBr – H20 solutions have been
extended to smaller capacities where they compete with NH3-H2O solutions. Smaller capacities are
developed in Europe with hot water as the hot source for solar applications and waste heat.
Absorption machines can be direct fired – with the generator heated by a gas burner – and indirect
fired to be used with hot water from renewable or waste heat. Absorption chillers can be single or
multiple effect machines. An illustration is shown hereunder: adding an effect means adding a second
generator level at higher temperature. The higher the number of effects, the higher the performance,
and the higher the heating temperature with technical barriers on the solution and materials. Triple
effect machines are still being developed.
11

Figure 1 - 7 . Single effect absorption chiller/heater (source NorthEast CHP Application Center )

11

http://www.northeastchp.org/nac/businesses/refrigeration.htm
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A few manufacturers produce small to medium capacity air to water absorption heat pumps that are
reversible and can be used to supply chilled water with relatively low efficiency in cooling mode.
There is a growing number of absorption (and some adsorption products also) chillers proposed in
small sizes to be coupled with solar panels.
1.2.2.2 Split and multi-split air conditioners
Ait-to-air split and multi-split air conditioners, reversible and cooling only, with a cooling capacity below
12 kW have been covered in the ENER Lot 10 study (www.ecoaircon.eu).
With the same architecture that the products included in ENER Lot 10, room air conditioners with
cooling capacity larger than 12 kW are available. The “residential” product range advertised by
manufacturers (it appeared in ENER Lot 10 that they were also importantly used in the commercial
sector) have capacities that range up to 14 kW and some up to 20 kW. They may be reversible.
Figure 1 - 8 . Multi-split air conditioners (source LG)
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These units are generally air cooled although some units can be water cooled, the heat being then
extracted either indirectly to the ambient air via a water circuit and a cooling tower (or a dry cooler), or
to a natural aquifer or to the ground via geothermal heat exchangers. There are different indoor unit
types, ducted12 or non ducted (non ducted units can be located outside the space to be cooled). Non
ducted indoor units can be wall mounted, cassettes, ceiling mounted cassette units, concealed ceiling,
wall mounted, ceiling suspended and floor standing.
Figure 1 - 9 . Split and multi-split air conditioners: types of indoor units (source Mitsubishi Electric)

Wall

Floor type

Ceiling hanging
cassette

Floor standing

Concealed ceiling
(ducted)

Ducted units

Ceiling mounted
cassette

For split systems, there is a large variation of possible configurations the final sold products being a
combination between the outdoor and indoor unit for a specific building.
The new products include the following components:
-

Refrigerant fluid used: R410A, R407C

-

Compressor type: rotary and scroll

-

Expansion valve: electronic

-

Indoor heat exchanger: tube and fin coil with different types of fans

-

Outdoor heat exchanger: tube and fin coil with axial or centrifugal fan if air cooled and plate
heat exchanger if water cooled.

Each indoor unit can be controlled individually by the end user.
1.2.2.3 VRF systems
The VRF (Variable Refrigerant Flow) system is similar in shape to multi-split air conditioners. The
name itself (variable refrigerant volume) is no longer useful to describe the specificity of the product as
compared to multi-split or single split, as these latter products are also equipped with variable spped
12

Ducted units are fitted with a centrifugal fan on the indoor unit which enables the unit to deliver static
pressure to the network for duct connection.
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compressors now. What makes the difference is the number of indoor units (multi-split are generally
limited to about 10 indoor units) and the control of these units.
The ANSI/AHRI 1230 VRF standard (ANSI/AHRI 1230, 2010) gives definition of VRF multi-split. VRF
systems are described as follows : “An engineered direct exchange (DX) multi-split system
incorporating at least one variable capacity compressor distributing refrigerant through a piping
network to multiple indoor fan coil units each capable of individual zone temperature control, through
proprietary zone temperature control devices and common communications network. Variable
refrigerant flow implies three or more steps of control on common, inter-connecting piping.”
What seems to distinguish multi-split and VRF systems is the control of the indoor units; they can be
grouped by zones, indoor units in a zone possibly being controlled together. This enables to air
condition larger rooms, to zone the control of the system (part of the refrigerant piping is dedicated to
the North face and the other part to the South face and they have different controls (e.g. set points,
seasons).
VRF 2 pipes: the refrigerant network can be made of 2 pipes. When heating, one duct contains high
pressure and high temperature refrigerant vapor. This vapor is cooled down in terminal units and
brought back at low temperature and low pressure in diphasic state. When cooling, liquid at high
pressure refrigerant is circulated and expanded in terminal units where it is used to cool the air in the
terminal units and low pressure vapor refrigerant is brought back to the compressor located in the
outside unit.
VRF heat recovery: a heat recovery version is able to offer both cooling and heating for different zones
of the building. Heat recovery is achieved by diverting heat from indoor units in cooling mode to those
areas requiring heating. According to EN14511:2007 definitions, this may be achieved by a gas/liquid
separator or a third line in the refrigeration circuit.
For VRF systems, there is a large variation of possible configurations the final sold products being a
combination between the outdoor and indoor unit for a specific building, with different possible
circuiting depending on the possible simultaneity of heating and cooling requirements.
Figure 1 - 10 . VRF systems (left - source Daikin outdoor units, right – source Toshiba system overview)

The new products include the following components:
-

Refrigerant fluid used: R410A

-

Compressor type: scroll

-

Expansion valve: electronic

-

Indoor heat exchanger: tube and fin coil with different types of fans

-

Outdoor heat exchanger: tube and fin coil with axial or centrifugal fan if air cooled and plate
heat exchanger if water cooled.
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These systems are generally air cooled although some can be water cooled.
The capacity range of these solution extended with groups of outdoor units now being able to supply
up to 150 kW cooling capacity. With smaller indoor unit size being 2 kW capacity, this enables to
connect more than 50 indoor units on an outdoor unit type. This is scalable with a capacity ratio that
enables to take into account the fact that all thermal zones do not require their design capacity at the
same time so that more indoor units can be connected to the same outdoor unit.
In general, the ventilation system is kept separated but VRF systems can also be coupled with a
centralized air system that enables to precondition centrally the ventilation air, filtering, controlling
fresh air renewal, etc… Hence, manufacturers tend to offer systems that cover more and more
functions as shown below.
Figure 1 - 11 . Daikin VRF complete solution for heating, cooling, ventilation and air curtain management

The VRF systems integrate progressively more control options and manufacturers also offer integrated
controls that can enable to control up to 2000 indoor units of different types and to optimize jointly air
renewal, heat recovery and the air conditioning system (in its broader acceptance here).
In addition, some manufacturers do propose retrofit solutions with R410A for existing R22 installations,
keeping the circuitry and possibly the indoor units in place.
Figure 1 - 12 . Daikin VRV control solutions for VRF systems
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1.2.2.4 Air conditioning condensing units
In the case of air handling units, a DX air conditioning system may be used to supply pre-treatment of
fresh air. The cooling/heating system may be integrated by the AHU manufacturer, which then delivers
its unit with and air conditioners. However, it can also be fitted at the time of the installation and the DX
coil and the cooling generator are then bought separately. The cooling generator in that case contains
the same components as the outdoor unit of a split system:
- One or several compressor,
- A condensing coil and the fan to force air on the coil if it is an air cooled unit or a refrigerant to
water heat exchanger,
- An expansion valve
- The casing and the associated controls.
For smaller capacity units, air conditioning condensing units are in general the same outdoor units as
the ones used for split air conditioners or VRF systems (represented on Figure 1 - 8 and on Figure 1 10. For larger units, they can be built upon a chiller, sold without its refrigerant to water heat
exchanger and are then similar in shape to a chiller. These units may be air cooled, water cooled and
evaporatively-cooled. Air cooled and water cooled condensing units may be reversible.
1.2.2.5 Package air conditioners
There are several types of “package” air conditioners. The study will stick to the definition in
EN14511:2007 i.e. a packaged unit is a factory assembly of components of refrigeration system fixed
on a common mounting to form a discrete unit.
Two main types of package units can be distinguished, depending on their capability to introduce fresh
air in the building. In that case, they can combine the ventilation and cooling function.
1) PACKAGE AC ABLE TO INTRODUCE FRESH AIR
Three main types of package units are used for air conditioning. They can be distinguished by their
mounting and blowing capability, vertical package, horizontal package and rooftops.
Vertical package
Vertical package can be connected to a horizontal duct or even blow upwards as shown below. In the
Hitecsa unit below, the lower section contains the compressor, condenser and condenser fan, and the
upper section the cooling coil and blower. Typical cooling capacity lies between 15 and 80 kW.
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By separating the lower and upper parts, manufacturers often offer a split ducted unit in two parts with
the same technical specifications.
Figure 1 - 13 . Hitecsa, vertical package air conditioner

Horizontal package
Horizontal package blow air horizontally. Typical cooling capacity product ranges are 5 to 80 kW.

Figure 1 - 14 . Ciatesa, horizontal package air conditioner

Rooftop
Such type of unit is installed on the roof and the air is blown downwards through the building roof.
Typical cooling capacity product ranges from 15 to 150 kW, although some manufacturers offer units
with capacity as low as 5 kW.
Figure 1 - 15 . Roof top air conditioner (source Carrier)

Package air conditioners are located outdoor. These units are able to supply the ventilation and
cooling functions as well as other functions supplied by air handling units, including heating.
Package products are generally air cooled although some can be water cooled.
The new package products include the following components:
-

Refrigerant fluid used: R410A, R407C
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-

Compressor type: scroll

-

Expansion valve: thermostatic and electronic

-

Indoor heat exchanger: tube and fin coil with centrifugal fans

-

Outdoor heat exchanger: tube and fin coil with axial or centrifugal fan if air cooled and plate
heat exchanger if water cooled.

2) PACKAGE AC NOT ABLE TO INTRODUCE FRESH AIR
There are three main types of package air conditioners working only with recycled air: water to air
package air conditioners, close control and control cabinets air conditioners.
Water to air package air conditioners include the cooling coil, fan and compressor on a single
mounting. They can be horizontal or vertical with cooling capacities ranging from about 5 kW to 80 kW.
The technical characteristics of new products are similar to the ones of package air conditioners
above, except horizontal package are generally ducted and use centrifugal fans with available static
pressure, and vertical ones directly deliver the air in the room and use axial fans.
The two supplementary types of package units, close control and control cabinets are not used for
human comfort applications.
Close control units are specific air conditioners reserved to serve computer rooms or other spaces
with restricted temperature and humidity inside conditions. A close control air conditioner “satisfies the
requirements of the process carried out in the air conditioned room” (EN14511:2007). These
temperature conditions are typically of 22 °C. Humidity is also controlled more closely around 50 %
relative humidity.
Control cabinets cool down their own contents, mostly computer or electronic controls of other
process.
1.2.3.

Air Handling Unit

An Air Handling Unit (AHU) is a factory made encased assembly consisting of sections containing a
fan or fans and other necessary equipment to perform one or more of the following functions: air
supply, air exhaust, filtration, heat recovery. Additional functions may be integrated (heating, cooling,
circulation, (de)humidifying, mixing). AHU’s are modular. Fans, Heat recovery unit, heat exchanger
units, etc. are separate module and can also be tested separately.
Cooling section
Air handling units may be used to precool the outdoor air in a dedicated outdoor ventilation system. In
those conditions, the air flow rate is the air change rate required for ventilation. When the air handling
unit is designed to cool a zone with occupancy and other internal loads, the air flow rate required for
cooling can be much higher than the air flow for ventilation (ratios of 2 to 10 had been identified in the
EECCAC13 study). In order to avoid huge energy losses, two main systems can be used: an air mixing
section that recirculates the supplementary air flow required over ventilation requirements for cooling
purpose or a heat recovery heat exchanger.
Figure 1 - 16 . Air handling unit with mixing section

13

(EECCAC, 2003)
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NOTA: the air classification of the standard EN13779:2007 are reported in the table below.
Figure 1 - 17 . Air handling unit with heat recovery section

NOTA: the air classification of the standard EN13779:2007 are reported in the table below.
Table 1 - 2 . EN classification of type of air (according EN 13779:2007)
Type of air

Abbreviation

Colour

Definition

Outdoor air

ODA

Green

Air entering the system or opening from outdoors before
any air treatment

Supply air

SUP

Blue

Airflow entering the treated room, or air entering the
system after any treatment

Indoor air

IDA

Grey

Air in the treated room or zone

Extract air

ETA

Yellow

The airflow leaving the treated room

Exhaust air

EHA

Brown

Airflow discharges to the atmosphere

In a constant air volume system, the cooling capacity is controlled varying the cooling fluid flow rate in
the cooling coil. A more economic solution is to control the air flow rate while maintaining the coolant
flow constant.
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The cooling coil can be supplied either with a chilled water cooling coil or with a refrigerant coil. When
the refrigerant system supplying the DX coil is integrated in the same mounting, the air handling unit is
similar to a package air conditioner, a rooftop if it is located on the roof and blows air downwards. As
for air handling units sized for supplying cooling for the fresh air and for the loads of the zone to be
treated, these package units are normally using high recirculation rates.
In AHUs with a DX refrigerant cooling coil, the condensing unit may be either integrated in the AHU by
the manufacturer or it can be fitted at the time of installation with an air conditioning condensing unit.
Heating section
Heating is supplied with a heating coil. The same rationale as for cooling applies regarding control.
Again the heat can be fed with hot water (from a reversible chiller or a boiler system) or with
refrigerant.
Humidification section
Humidification consists in adding water to the air stream in order to humidify the supply air. For air
handling units, humidifiers applied today are (Eurovent, 2005):
•

Steam humidifiers: life steam humidifier with (steam jacketed) dispersion pipes, electric steam
generator with steam distribution pipe(s), gas fired steam generator with steam distribution pipes

•

Water humidifiers: air washers or atomising humidifiers, i.e. water/compressed air nozzles,
ultrasonic or high pressure nozzles.

The reheat coil is mandatory for air washers as the air leaves saturated and then must be reheated to
reach the required conditions but is not required for other humidifier types as the humidification level
can be controlled.
Reheat section
The reheat coil in air handling units without humidification is normally not required. It may nevertheless
be used for dehumidification (see the section below). Additionally, for an air handling unit serving
several zones, terminal units (air diffusers, VAV boxes, induction units ...) may reheat the air to bring it
to the required conditions of the specific zone to be treated. The reheat coil depending on the
application and specific installation can be supplied with heat recovered on the condenser of a
refrigeration cycle.
Dehumidification
There is not any specific section for dehumidification as it is done normally by the cooling coil itself. To
increase dehumidification, the coolant temperature in the cooling coil can be decreased and/or the air
flow rate decreased. The cool air would then be reheated in order to reach the required temperature
and humidity conditions, typically with heat recovered in the system itself. A number of possible cycles
do exist to satisfy higher dehumidification requirements for highly humid climates or specific
requirements (Kosar, 2007).
Heat recovery
Regarding heat recovery, systems used in AHUs are mainly cross-flow heat echangers (efficacy 50%)
and rotary wheels (60-70%). In smaller AHU sizes, exhaust air heat pumps can be used instead of the
heat recovery device.
Filter and heat recovery section information is developed in more details in the ventilation report.
1.2.4.

Terminal units

1.2.4.1 Fan-coils
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Fan-coils are ‘active’ (with fan) heat/cooling emitters, combining a cooling/heating water coil with a
convection fan plus a means for collecting and abducting condensate. In most fan-coil units the fan is
just for circulating the air inside a room, but in Germany around 20-25%14 of fan-coils sold combine
this with a local ventilation function by adding valves.
Figure 1 - 18 . Fan coil unit scheme with an outdoor air intake

1.2.4.2 Variable air volume (VAV) terminals
VAV terminal units (a.k.a. VAV boxes) of an air-duct system, typically include a valve/damper and
some sort of –traditionally pneumatic but currently electronic—control system that tells the central
fan/AHU unit to adjust the flow according to the valve position.
Figure 1 - 19 . Typical US air-conditioning & ventilation system, supply fan only, with VAV terminals

VAV

VAV

14

E.g. manufacturer Schuco. EU-sales of these ‘ventilating fancoils’ are estimated at 30.000
units/year.
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VAV systems are currently the preferred option (over CAV), as they allow for considerable electricity
saving of the fan drive energy (VSD-motors).
1.2.4.3 Chilled beams
Cooling beams are mounted on the ceiling. There are two main types of chilled beams: passive and
active. Passive chilled beams are classified hereunder in the radiator type cooling section. Active
chilled beams are ducted to the primary air system, which forces induction and convection. Chilled
beams are suitable for moderate and colder climates only because the air temperature must always
stay above the dew-point (otherwise condensate forms on the emitter), which limits their specific
cooling capacity. However, active chilled beams may reach higher specific W/m2 thanks to high
induction rates, of up to 8 to 1 and have reached an important market share in mild climates (as in the
UK).
Figure 1 - 20 . Active (left, source Swegon) and passive (right, source Karat) chilled beams

1.2.4.4 Radiator type cooling
Passive cooling beams, floor-heating (tubes embedded in the floor) and other radiator-type cooling
solutions are typical ‘top-cooling’ solutions. Passive chilled beams are designed as ‘passive’ emitters
(without fan as opposed to active chilled beams), using natural convection of cold air dropping to the
floor. The radiator type cooling are suitable for moderate and colder climates only because the air
temperature must always stay above the dew-point (otherwise condensate forms on the emitter),
which limits their specific cooling capacity.

1.2.5.

Heat rejection

For air cooled cooling generators, the heat rejection media to the air is the air cooled condenser. As
mentioned earlier, there also exist evaporatively-cooled condensers, where water is sprayed over the
condenser coil to decrease the dry bulb temperature at the inlet of the condenser.
For water cooled generators, there are three different types of heat rejection systems:
-

Dry coolers: a simple air to water heat exchanger with a fan. It can also be supplied with
additional wetted pads to reduce the temperature of air entering the cooler.

-

Closed circuit cooling towers: this is similar to an evaporatively-cooled condenser but is
cooling water instead of the refrigerant,

-

Direct contact cooling towers (also called wet or open or humid) where there is a direct contact
between the two fluids thus providing better heat transfer.
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A wet cooling tower consumes water by evaporation in the air. It also has better energy performance.
Proper water treatment is required to avoid legionella. In addition, drift eliminators enable to avoid the
plume creation and the dispersion of the potential bacteria.
Wet-dry or hybrid towers can work either as a closed circuit cooling tower or as humid cooling tower.
Schemas and photos of such systems are provided hereunder.
Figure 1 - 21 . Heat rejection media for water cooled cooling generators
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1.2.6.

Controls of air conditioning systems

All products described above contain more or less sophisticated controls and more or less
sophisticated interfaces depending on whether the products is intended to be integrated in a larger
system or to operate as a standalone product.
At the building level, building automation and control systems enable to control not only the HVAC
functions but also all other functions to ensure healthy, safe and economic building operation. The
standard EN ISO 16484-2:2004 gives a definition of these systems:
Building automation and control system, BACS
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system, comprising all products and engineering services for automatic controls (including interlocks),
monitoring, optimization, for operation, human intervention, and management to achieve energy –
efficient, economical, and safe operation of building services
NOTE 1 The use of the word ‘control’ does not imply that the system/device is restricted to control functions.
Processing of data and information is possible.
NOTE 2 If a building control system, building management system, or building energy management system
complies with the requirements of the EN ISO 16484 standard series, it should be designated as a building
automation and control system (BACS).

Controls of both products and building automation and control systems are of interest regarding the
impact their functionalities may have on the energy consumption of such systems.

1.3.

PRODUCT SCOPE FOR AIR CONDITIONING SYSTEMS

The Energy Related Products in this study ensure the cooling function or are part of air conditioning
systems supplying this function.
The focus is on air conditioning systems in human occupied buildings to ensure comfort air
conditioning.
The cooling products that ensure this main function are cooling cycles that can extract heat directly in
the room and reject it directly to the outside. In that case, they are called air-to-air products, using the
names of the source (outside air) and sink (indoor air) they use.
Whether the heat extraction is made by a water-to-air heat exchanger then heat is rejected outside by
an air-to-water chiller. All the sink-source combinations are included in the study: air-to-air, air-towater, water-to-air, water-to-water.
In some cases, the air conditioner can be sold without the cooling coil (and indoor fan) and in that
case it is called a condensing unit (it contains the condenser and its fan, the compressor and the
expansion valve). The fitting with the refrigerant coil is to be made on site. It can be air cooled, water
cooled or evaporatively-cooled.
In the same way, chillers may be sold without a condenser and are then logically called condenserless
products.
Energy related products included
For each system type, AC systems are made of a large number of components. Nevertheless, the
number of ecodesign products in these systems is limited.
1. Air conditioners > 12 kW and air conditioning condensing units
- Package, split and multi split air conditioner [air-to-air > 12 kW, water-to-air, evaporatively cooled]
and positive temperature air condensing units [air-cooled, water-cooled, evaporatively-cooled]
- VRF systems (centralized air conditioning systems with refrigerant fluid as the main media to
circulate and extract heat from the building) [air-to-air and water-to-air]
2. Chillers for air conditioning applications [air-to-water, water-to-water, evaporatively-cooled]
3. Terminal units to extract heat from the space to be conditioned
- Fan coils
4. Heat rejection units means from the cooling system
- Cooling towers
- Dry cooler
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(*) Regarding renewable cooling, specific renewable solutions with limited applicability such as earth
pipes, seawater cooling are not included. Applicability of desiccant, evaporative and solar cooling is to
be specified in this study.
The case of AHU
The study proposes not to include AHU as a cooling product. A separate briefing has been released
on the website of ENTR lot 6 study on this specific point.
The main reason behind is that AHU’s primary function is ventilation and is dealt with in the ventilation
part of the study.
Heating and cooling are possible secondary functions. However, the AHU’s heating and cooling
functions are not supported by the AHU itself, but by separate heating and cooling generators,
integrated or not in the AHU.
Cooling (and reversible) generators external to the AHU and integrated into AHUs are part of the air
conditioning study of ENTR Lot 6: chillers, air conditioning condensing units and complete air
conditioning units integrated into AHU.
AHU may be used in « all air air conditioning » systems as the main heating/cooling terminal unit in
addition to their ventilation function. However, the same product is used both for a ventilation AHU and
for an « all air conditioning system » AHU, the difference between both system designs intervenes at
the time of the installation and is then rather an EPBD issue than a product one. As the market share
of these installations is decreasing steadily, their field of application being more and more restricted to
specific situations as large halls, it is not necessary to consider a specific base case for AHU used in
these systems in the ventilation part of ENTR Lot 6.
In addition, the integrated cooling/heating products in AHU can be evaluated for their heating/cooling
performance, independently of the ventilation performance of the AHU. This is the case of air
conditioning condensing units. For AHU sold with integrated air-to-air air conditioners/ air-to-air heat
pumps, as rooftop air conditioners, they can still be tested as air conditioners (see standard EN14511
below).
Interaction with other ecodesign studies and regulations
Cooling generation
Air-to-air air conditioners below 12 kW cooling capacity are included in ENER Lot 10. Hence, this lot
will focus on air-to-air air conditioners with cooling capacity above 12 kW and all other source-sink
type air-conditioner.
Refrigeration condensing units have been covered in ENTR Lot 1 but air conditioning condensing units
are covered in ENTR Lot 6.
For chillers, they were not included in the ENER Lot 10 study. Consequently, there is no lower
capacity limit.
However, chillers for air conditioning can be used also for refrigeration. There are four reference
temperature levels defined by the industry15 for chilled cooling media distribution:
- air conditioning for cooling floor and other radiant cooling surfaces with leaving chilled water
temperature above 20 °C,
- air conditioning, with leaving chilled water temperature between + 2°C and + 15°C
- medium brine, with leaving brine temperature between + 3°C and - 12°C
- low brine, with leaving brine temperature between - 8°C and - 25°C
ENTR Lot 6 only considers chillers serving air conditioning temperature levels. Medium and low brine
chillers are presently considered in ENTR Lot 1 on refrigeration equipment.
15

www.eurovent-certification.com
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Part of the cooling generators are reversible. Their heating function is addressed in ENER Lot 1 –
water based heating systems, ENER Lot 20 on room air heating products and ENER Lot 21 on central
heating products using hot air to distribute heat (other than CHP). In addition, the heating function of
reversible air conditioners with cooling capacity inferior to 12 kW is already included in Lot 10. These
heating ErP studies should serve as a reference to this lot in order to study the heating function. Close
collaboration will be ensured with the on-going study ENER Lot 21 so that the heating function of
products in this lot be addressed the same way is done in ENER Lot 21.
Compressors, fans and pumps
Main energy consumers in all air conditioning systems are compressor, fan and pump motors. Existing
measures or study are already in place:
-

AC induction motors (2, 4 and 6 poles) between 750W and 375kW, motor efficiency is
regulated by the Commission Regulation (EC) No 640/2009.

-

Glandless circulators are the subject of the Commission Regulation (EC) No 641/2009.

-

Fans with electric power above 125 W are included in ENER Lot 11 so that the efficiency of
the fan itself is not at stake in this study.

Regarding compressors, motors of hermetic compressors are not included in the Commission
Regulation (EC) No 640/2009, but for semi-hermetic and open compressors, the motor efficiency is
regulated for AC induction motors (2, 4 and 6 poles) between 750W and 375kW.
Regarding fans, either the fan motor is covered by the Commission Regulation (EC) No 640/2009 and
then it is still feasible to improve the motor transmission and control, or the fan motor is not covered by
the Commission Regulation and thus it is also possible to improve the motor itself.
Regarding circulators, all circulators used in air conditioning systems have already been studied
previously in the ENER Lot 11 study, relevant of them being also included the Regulation (EC) No
641/2009, and thus they are not included in this study.
Energy performance scope
The energy performance of air conditioning products will be assessed on the basis of their cooling
function, and, for reversible products, on the basis of both their cooling and heating functions.
For this are required performance indicators and energy consumption in cooling mode (and in heating
mode for reversible products). Performance indicators are discussed in Task 1 while the energy
consumption calculations are developed in Task 4 for the life cycle cost analysis.
Other Environmental Performance Scope
The study team assumes that the main environmental impact of air conditioning systems is their
energy consumption with direct refrigerant emission as the main second one. Noise emissions and
resource consumption will be further environmental impacts to be dealt with. Following the
requirements of the Ecodesign Directive, the study will also quantify the other environmental impacts.

1.4.

DEFINITIONS AND PERFORMANCE PARAMETERS

This paragraph gives an overview of air conditioning systems definitions found in existing EN-product
and building standards. As such, it can serve as a summary of generally accepted terms, definitions
and classifications that are used in the EU standards that are further discussed in subtask 1.2.
These terms, definitions and classifications will be used throughout this study.
Regarding air conditioning products, existing definitions are reported. On this basis, preliminary
definitions how these air-conditioning products could be defined in a potential ecodesign measure are
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proposed (they are highlighted in sections 1.4.1, 1.4.2 and 1.4.3). The definitions will be verified
through the study and confirmed/revised in task 7.
1.4.1.

Air conditioning system definitions from EN15243:2007 standard

room

enclosed space or part of an enclosed space
HVAC system

system providing temperature control, mechanical ventilation and humidity control in a building
room conditioning system

system able to keep a comfort conditions in a room within a defined range
NOTE Air conditioning as well as surface based radiative systems are included.
room cooling load

daily profile of the energy flow rate which must be extracted from a room under design conditions in
order to keep its comfort conditions within a defined range
room heating load
daily profile of the energy flow rate which must be added to a room under design conditions in order to
keep its comfort conditions within a defined range
room sensible cooling load

daily profile of the energy flow rate which must be extracted from a room under design conditions in
order to keep its temperature (air temperature or operative temperature) within a defined range
room latent cooling load

daily profile of the energy flow rate which must be extracted from a room under design conditions in
order to keep its humidity below a defined limit
basic room sensible cooling load

daily profile of the energy flow rate which must be extracted from a room under design conditions in
order to keep its air temperature at a constant value
room latent heating load
daily profile of the energy flow rate which must be added to a room under design conditions in order to
keep its humidity above a defined limit
room cooling energy demand

energy amount to be extracted from the room in order to keep its comfort conditions within a defined
range throughout the year under typical meteorological conditions
room heating energy demand
energy amount to be added to the room in order to keep its comfort conditions within a defined range
throughout the year under typical meteorological conditions
Regarding performance parameters, in most cases, it is necessary to distinguish the performance
parameters for the different system components. Only cooling capacity and energy demand are
defined in the EN15243:2007 standard at system level.
system cooling capacity

maximum heat extraction flow rate of a system under specified conditions
system heating capacity
maximum heat addition flowrate of a system under specified conditions
system cooling energy demand

energy amount to be extracted from the system in order to keep its intended operating conditions
throughout the year under typical meteorological conditions
system heating energy demand
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energy amount to be added to the system in order to keep its intended operating conditions
throughout the year under typical meteorological conditions
At the system level, there is not any other performance parameter defined. The total energy
consumption consumed by the cooling system is particularly difficult to determine as it interacts for
instance with the ventilation systems (except if systems are in fact reduced to the cooling generator as
it can be the case for air to air products). It is then quite difficult to assess the system consumption for
a specific function.
1.4.2.

Cooling generators and condensing units

This section discusses the definitions of air conditioners, chillers and air conditioning condensing units.
Existing definitions
The main existing definitions for electric driven vapour compression cooling generators are given
in prEN14511:2009, EN15218:2007 and prEN14825:2009. Supplementary definitions regarding
condensing units are extracted from EN 13771-2:2007.
air conditioner

encased assembly or assemblies designed as a unit to provide delivery of conditioned air to an
enclosed space (room for instance) or zone. It includes an electrically operated refrigeration system for
cooling and possibly dehumidifying the air. It can have means for heating, circulating, cleaning and
humidifying the air. If the unit provides heating by reversing the refrigerating cycle then it is a heat
pump
heat pump

encased assembly or assemblies designed as a unit to provide delivery of heat. It includes an
electrically operated refrigeration system for heating.
It can have means for cooling, circulating, cleaning and dehumidifying the air. The cooling is by means
of reversing the refrigerating cycle
indoor heat exchanger

heat exchanger which is designed to transfer heat to the indoor part of the building or to the indoor hot
water supplies or to remove heat from these
NOTE In the case of an air conditioner or heat pump operating in the cooling mode, this is the
evaporator. In the case of an air conditioner or heat pump operating in the heating mode, this is the
condenser.
outdoor heat exchanger

heat exchanger which is designed to remove heat from the outdoor ambient environment, or any other
available heat source, or to transfer heat to it
NOTE In the case of an air conditioner or heat pump operating in the cooling mode, this is the
condenser. In the case of an air conditioner heat pump operating in the heating mode, this is the
evaporator.
evaporatively cooled condenser

heat exchanger that condenses refrigerant vapour by rejecting heat to a water and air mixture causing
the water to evaporate and increase the enthalpy of air. Desuperheating and sub-cooling of the
refrigerant may occur as well
heat transfer medium

any medium (water, air, ...) used for the transfer of the heat without change of state
EXAMPLES cooled liquid circulating in the evaporator; cooling medium circulating in the condenser;
heat recovery medium circulating in the heat recovery heat exchanger.
outside air

air from the outdoor environment entering the outdoor heat exchanger
exhaust air
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air from the air conditioned space entering the outdoor heat exchanger
recycled air

air from the air conditioned space entering the indoor heat exchanger
outdoor air

air from the outdoor environment entering the indoor heat exchanger
water loop

closed circuit of water maintained within a temperature range on which the units in cooling mode reject
heat and the units in heating mode take heat
comfort air conditioner or heat pump

air conditioner or heat pump to satisfy the requirements of the occupants of the air conditioned room
packaged unit

factory assembly of components of refrigeration system fixed on a common mounting to form a
discrete unit
single split unit

factory assembly of components of refrigeration system fixed on two mountings or more to form a
discrete matched functional unit
basic multi-split system

split system incorporating a single refrigerant circuit, with one or more compressors, multiple indoor
units designed for individual operation and one outdoor unit. The system has no more than two steps
of control by either two compressors or by compressor unloading and is capable of operating either as
an air-conditioner or a heat pump. A system having a variable speed compressor where a fixed
combination of indoor units is specified by the manufacturer is also considered as a basic multi-split
system
multiple circuit multi-split system

split system incorporating multiple refrigerant circuits, two or more single speed compressors, multiple
indoor units and an integrated heat exchanger in a single outdoor unit and is capable of operating
either as an air conditioner or a heat pump
modular multi-split system

split system air conditioner or heat pump incorporating a single refrigerant circuit, at least one variable
speed compressor or an alternative compressor combination for varying the capacity of the system by
three or more steps, multiple indoor units, each of which can be individually controlled, one or more
outdoor units and is capable of operating either as an air conditioner or a heat pump
modular heat recovery multi-split system

split system air conditioner or heat pump incorporating a single refrigerant circuit, at least one variablespeed compressor or an alternate compressor combination for varying the capacity of the system by
three or more steps, multiple indoor units, each capable of being individually controlled and one or
more outdoor units. This system is capable of operating as a heat pump where recovered heat from
the indoor units operating in the cooling mode can be transferred to one or more units operating in the
heating mode
NOTE This may be achieved by a gas/liquid separator or a third line in the refrigeration circuit.
liquid chilling package or chiller

factory-made unit designed to cool liquid, using an evaporator, a refrigerant compressor, an integral or
remote condenser and appropriate controls. It may have means for heating which can be reversing the
refrigerating cycle, like a heat pump
condensing unit

factory assembled unit comprised of refrigeration compressor and motor, condenser and any
necessary associated ancillaries
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Nota : the definition means « does not encompass an evaporator ». The definition should be improved as air
conditioning units may be reversible and then the outdoor heat exchanger is not the condenser but the
evaporator.

The main existing definitions for gas fired absorption and adsorption cooling generators are given
in EN 12309-1:1999. As shown below, the definitions are not fully compatible with the definitions used
for electric vapour compression cooling generators. The distinction between gas fired appliances and
heat driven units is not given in the standard. Heat can be waste heat or machines can be activated
through district heating heat.
Absorption

Process in which molecules of the refrigerant are dissolved into a liquid.
Adsorption

Process in which molecules of the refrigerant are held at the surface of a solid (possibly porous)
structure.
air-conditioning appliance

appliance which is capable of providing full air conditioning (i.e. cooling, heating and humidity control);
or which only provides the cooling and possibly the heating functions.
Chiller

Air conditioning appliance utilizing an absorption or adsorption refrigerant cycle which is designed to
provide cooling as a primary function and may provide heating as a secondary function.
chiller/Heater

Air-conditioning appliance utilizing an absorption or adsorption refrigerant cycle which is designed to
provide cooling and heating, both as primary functions.
heat pump appliance

Heating appliance utilizing a refrigerant to extract heat from one medium (e.g. air, water, etc.) and
transfer it to a second medium (e.g. air, water, etc.) at a higher temperature in order to contribute to
the heating function of the appliance.
The ANSI/AHRI STANDARD 560-2000 gives a definitions of absorption chiller/heat pumps, which
encompasses gas fired and waste heat units. It is reported hereunder.
Absorption Water Chilling and Water Heating Package (NOTE: only the absorption cycles working with Libr/H2O
are covered).

A factory designed and prefabricated assembly employing water as the refrigerant and consisting of
an evaporator, absorber, condenser, generator(s) and solution heat exchangers, with interconnections
and accessories used for chilling or heating water. The package utilizes single or multiple
reconcentrations of an absorbent solution. The reconcentrations of the absorbent are known as
effects. A single effect package employs one step reconcentration of the absorbent in the generator.
Water vapor is released after the heat energy is introduced into the generator. The concentrated
absorbent is returned to the absorber where it can absorb water vapor flashed off in the evaporator. A
double effect package employs a two step reconcentration of the absorbent through the use of an
additional high temperature generator. An absorption package can be further defined by the following:
- Direct Fired Package. This type of package reconcentrates the absorbent from heat energy
through the combustion of natural gas, LP gas or oil.
- Indirect Fired Package. This type of package reconcentrates the absorbent from heat energy
from steam or hot water.
Proposed definitions
The definitions are based on proposed draft Ecodesign as follows:
- Draft regulation for air conditioners below 12 kW for air conditioners,
- Draft regulation for boilers for chillers.
Air conditioner > 12 kW

37

An air conditioner means an encased assembly or assemblies designed as a unit to provide the
delivery of conditioned air to an enclosed space (room for instance), capable of cooling and/or heating
this air and which is based on the vapour compression cycle. It is driven by an electric compressor or
by an engine driven compressor.
This definition includes 'air-conditioning appliances' that provide additional functionalities such as
dehumidification, air-purification, ventilation and/or supplemental air-heating by means of electric
resistance heating or by the combustion of gaseous or liquid fossil fuel.
An air conditioner releases the heat extracted from the conditioned air to ambient air, water or ground
source; this definition also includes appliances that may use water for evaporation on the condensor
(either condensate that is formed on the evaporator side or externally added water), provided that the
appliance is also able to function without the use of additional water, using air only;
Additionally, only air conditioners with a design load of ≤ 12 kW for cooling – or heating, if the product
has no cooling function – are included in the study.
This definition aims at including both standard air conditioners (split, multi-split, package, VRF) and air
conditioners in air handling units. That is the reason why the indoor air for the initial definition has
been changed for conditioned air, as an air conditioner in an air handling unit may cool the indoor air
(recycled air) but also fresh air, or a mix of fresh and recycled air.
Note: nothing prevents that air conditioners may be based on absorption/adsorption cycles except
there is presently no such unit on the market nor being developed to the knowledge of the study team.
If necessary, the definition could be extended to cover these products.
Air conditioning condensing unit

An air conditioning condensing unit means a device designed to provide refrigerant to a cooling coil
which ensures the delivery of conditioned air to an enclosed space (room for instance), enabling the
coil of cooling and/or heating this air, and which is based on the vapour compression cycle. It is driven
by an electric compressor or by an engine driven compressor.
An air conditioning condensing unit releases the heat extracted from the conditioned air to ambient air,
water or ground source; this definition also includes appliances that may use water for evaporation on
the condensor (either condensate that is formed on the evaporator side or externally added water),
provided that the appliance is also able to function without the use of additional water, using air only.
Air conditioning chiller

A “chiller” means a device which meets all of the following criteria:
- it extracts heat from a water-based central cooling system in order to reach and maintain the indoor
temperature of an enclosed space such as a building, a dwelling, or a room, at a desired level;
- it uses a cooling generator based on one of the following processes:
• a vapour compression cycle driven by an electric compressor
• a vapour compression cycle with a compressor driven by a motor engine
• an absorption cycle whose heat is supplied by the combustion of gaseous or liquid fossil
fuels or by waste heat;
- it releases the heat extracted from the enclosed space to ambient air, water or ground source; this
definition also includes appliances that may use water for evaporation on the condensor,
It can also supply heating as a “boiler” and in that case is called a reversible chiller/heat pump.
Regarding boiler, the provisional definition of the draft boiler regulation is used here:
(1) “boiler” means a device which meets all of the following criteria:
- it provides heat to a water-based central heating system in order to reach and maintain the
indoor temperature of an enclosed space such as a building, a dwelling, or a room, at a
desired level;
- it uses a heat generator using the processes listed in point (2);
(2) “heat generator” means the part of a boiler that generates the heat using the following processes:
- combustion of gaseous or liquid fossil fuels;
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- use of the Joule effect in electric resistance heating elements;
- capture of ambient heat from air, water or ground source, and/or waste heat;
(3) “water-based central heating system” means a system using water as heat transfer medium to
distribute centrally generated heat to heat emitters for space heating of buildings, or parts thereof.
Performance parameters
The main performance parameter for cooling generators regard the rated cooling capacity they provide
to satisfy the cooling load required and the efficiency of the process, as well as the acoustic
parameters.
NOTE: Some definitions below are specific to multi-split and VRF systems that are more complex because of the
existence of the system capacity ratio and the heat recovery option.
total cooling capacity

PC
heat given off from the heat transfer medium to the unit per unit of time, expressed in Watt
latent cooling capacity

PL
capacity of the unit for removing latent heat from the evaporator intake air, expressed in Watt
sensible cooling capacity

PS
capacity of the unit for removing sensible heat from the evaporator intake air, expressed in Watt
system capacity

capacity of the system when all outdoor and indoor units are operating in the same mode
system reduced capacity

capacity of the system when some of the indoor units are disconnected
system capacity ratio

ratio of the total stated cooling (heating) capacity of all operating indoor units to the stated cooling
(heating) capacity of the outdoor unit at the rating conditions
heat recovery efficiency

HRE
ratio of the total capacity of the system (heating plus cooling capacity) to the effective power input
when operating in the heat recovery mode
sensible heat ratio

SHR
ratio of the sensible cooling capacity to the total cooling capacity, expressed in Watt/Watt
total power input

PT
power input of all components of the unit as delivered, expressed in Watt
effective power input

PE
average electrical power input of the unit within the defined interval of time obtained from:
- power input for operation of the compressor and any power input for defrosting;
- power input for all control and safety devices of the unit; and
- proportional power input of the conveying devices (e.g. fans, pumps) for ensuring the transport of
the heat transfer media inside the unit.
It is expressed in Watt
energy efficiency ratio

EER
ratio of the total cooling capacity to the effective power input of the unit, expressed in Watt/Watt
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rating conditions

standardised conditions provided for the determination of data which are characteristic for the unit,
especially:
heating capacity, power input, COP in heating mode;
cooling capacity, power input, EER, SHR in cooling mode.
standard rating condition

mandatory condition that is used for marking and for comparison or certification purposes
application rating condition

rating condition which is mandatory if it falls within the operating range of the unit. Results based on
application rating conditions are published by the manufacturer or supplier
Reference Seasonal Energy Efficiency Ratio (SEER)/Seasonal Coefficient of Performance (SCOP)

The seasonal efficiency of a unit calculated for the reference annual cooling/heating demand, which is
determined from mandatory conditions given in this standard (prEN14825) and used for marking,
comparison and certification purposes.
NOTE For calculation of SEER/SCOP, the annual electricity consumption of a unit is used, including
the electricity consumption during active mode, thermostat off mode, standby mode and that of the
crankcase heater
Reference SEERon/SCOPon

The seasonal efficiency of a unit in active cooling/heating mode which is determined from mandatory
conditions given in this standard (prEN14825) and used for marking, comparison and certification
purposes.
NOTE For calculation of SEERon/SCOPon, the annual electricity consumption during active mode is
used. This excludes the power consumption during thermostat off mode, standby mode or that of the
crank case heater.
Application SEER (SCOP) and Application SEERon (SCOPon/SCOPnet)

The SEER (SCOP) and SEERon (SCOPon/SCOPnet) that takes into account the specific application
and the specific location of the unit, which are different from the ones used for determining the
reference SEER (SCOP) and reference SEERon (SCOPon / SCOPnet) given in this standard
(prEN14825).
NOTE The calculation procedures used to determine the application SEER(on)/SCOP(on/net), if
required, are those in this standard for reference SEER(on)/SCOP(on/net). However the cooling and
heating bins used in the calculations will be those of the actual location of the building. The heating
and cooling loads as well as the hours of use will be those of the actual building.
Active mode

The mode corresponding to the hours with a cooling or heating load of the building and whereby the
cooling or heating function of the unit is switched on.
NOTE The unit has to reach or maintain a temperature set point and in order to do so, the unit may
switch between being operational or not operational (e.g. by on/off cycling of the compressor).
Thermostat off mode

The mode corresponding to the hours with no cooling or heating load of the building, whereby the
cooling or heating function of the unit is switched on, but is not operational, as there is no cooling or
heating load.
NOTE 1 For the reference cooling season, this situation occurs when the outdoor temperature reaches
16°C or lower. For the reference heating seasons, this situation occurs when the outdoor temperature
reaches 16°C or higher.
NOTE 2 When a unit is cycling off during active mode, this is not considered as thermostat off mode.
3.26 Standby mode The unit is switched off partially and can be reactivated by a control device or
timer. NOTE The unit is connected to the mains power source, depends on energy input to work as
intended and provides only the following functions, which may persist for an indefinite time :
reactivation function, or reactivation function and only an indication of enabled reactivation function,
and/or information or status display.
Off mode
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The unit is completely switched off and cannot be reactivated neither by control device nor by timer.
NOTE Off mode means a condition in which the equipment is connected to the mains power source
and is not providing any function. The following shall also be considered as off mode: conditions
providing only an indication of off mode condition ; conditions providing only functionalities intended to
ensure electromagnetic compatibility
Crankcase Heater mode

The mode corresponding to the hours where a crankcase heater is activated. NOTE The crankcase
heater operates when the compressor is off, and the outdoor temperature is so low that it is necessary
to avoid refrigerant to migrate to the compressor to limit refrigerant concentration in oil at compressor
start.
sound power level

LW
ten times the logarithm to the base 10 of the ratio of the given sound power to the reference sound
power expressed in decibels. The reference sound power is 1 pW (10-12 W)
LWA
means the A-weighted sound power level, also expressed in dB and in comparison to the reference
sound power.
An optional performance parameter is defined in the EN 378:2008 standard.
TEWI
The TEWI (en: total equivalent warming impact) is a way of assessing global warming by combining
the direct contribution of refrigerant emissions into the atmosphere with the indirect contribution of the
carbon dioxide and other gas emissions resulting from the energy required to operate the refrigerating
system over its operational life. The TEWI factor can be calculated by the following equation where the
various areas of impact are correspondingly separated.
TEWI = GWP ⋅ L ⋅ n + [GWP ⋅ m ⋅ (1- αrecovery)] + n ⋅ Eannual ⋅ β
where
GWP ⋅ L ⋅ n is the impact of leakage losses;
GWP ⋅ m ⋅ (1- αrecovery) is the impact of recovery losses;
n ⋅ Eannual ⋅ β is the impact of energy consumption.
where
TEWI is the total equivalent warming impact, in kilogrammes of CO2;
GWP is the global warming potential, CO2-related16
L is the leakage, in kilogrammes per year;
n is the system operating time, in years;
m is the refrigerant charge, in kilogrammes;
αrecovery is the recovery/recycling factor, 0 to 1;
Eannual is the energy consumption, in kilowatt-hour per year;
β is the CO2-emission, in kilogrammes per kilowatt-hour.
The TEWI indicator can also be made specific by dividing its value by the cooling capacity of the unit
or by the cooling energy supplied by the unit. It may then give values comparable whatever the size
and type of cooling generators.
For gas fired absorption and adsorption cooling generators (EN12309:1999), main performance
parameters are the same as for electric sources cooling generators except the efficiency is defined
with regards to the gas consumption. Despite its importance on part load performance, the electric
consumption is not defined in this standard. It should be added for proper performance assessment.
Seasonal performance coefficients also need to be developed as for electric cooling generators.
gas utilization efficiency in the cooling mode
16

The GWP default values (time horizon 100 years) can be found in the EU standard EN 378-1:2010 –
Annex E.
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ratio of the cooling capacity to the net heat input of the appliance.
Symbol: ηc
gas utilization efficiency in the heating mode

ratio of the heating capacity to the net heat input of the appliance.
Symbol: ηH
The same definitions can be adapted to waste heat absorption chillers by defining a “heat utilization
efficiency” for cooling.
1.4.3.

Air Handling Unit (AHU)

The AHU definitions and performance parameters are addressed in the ventilation systems report,
regarding the casing performance, the fan section, the filter section and the heat recovery section. The
acoustic performance is also addressed in this dedicated report. This part deals with the thermal
performance of the AHU for heating, cooling and dehumidification. Definitions here are useful to the
system modelling required to compute the energy consumption of cooling products in Task 4 of this
study.
Main definitions regarding AHU are given in the EN 13053 standard and EN 1206 standard for cooling
coils.
air handling unit

factory made encased assembly consisting of sections containing a fan or fans and other necessary
equipment to perform one or more of the following functions: circulating, filtrating, heating, cooling,
heat recovery, humidifying, dehumidifying and mixing air
section of air handling unit

functional element of an air handling unit consisting of one or more components in a single casing
damper section

section of air handling unit including a damper or valve
mixing section

section where e.g. outdoor air flow and the recirculation air flow are mixed in a controlled way. The
section generally consists of one damper per air flow and a mixing chamber
air heating and cooling coils

heat exchangers by means of which heat is transferred from a heat transfer medium to air (heating
coil) or the other way round (cooling coil)
bypass factor

ratio of the diverted air flow to the sum of the main air flow and the diverted air flow
Forced-circulation air-cooling coil or air-heating coil (EN 1216)

A tubular heat exchanger, with or without extended surfaces, for use in an air flow, circulated by fans
Forced-circulation air-cooling coil (EN 1216)

An air-cooling coil thorough which a cooling fluid is circulated for the purpose of the sensible cooling,
or sensible cooling and dehumidification of a forced-circulation air flow, including all components
necessary for the distribution and collection of fluid.
Performance parameters of the coil
The thermal performance parameters regard the heating, cooling and dehumidification functions.
Sensible cooling and latent cooling (removal of water from the air stream) is performed by heat
exchange with the cooling coil. The thermal performance parameters of the cooling coil can be defined
as follows:
heating
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transfer of heat from one body or medium to another medium
Sensible cooling capacity

Heat flow which is rejected by the air by means of temperature drop
Latent cooling capacity

Latent heat flow which is rejected by the air by the condensing water vapour of the air
Air side pressure drop

Static pressure difference of the fluid between the air inlet and outlet of the coil
Water side pressure drop

Static pressure difference of the fluid between the inlet and outlet connections of the coil
1.4.4.

Terminal units

1.4.4.1 Fan coils
Definitions issued from EN 1397:1999
The preliminary definition to be used for room fan coil units is :
room fan-coil unit

A factory-made assembly which provides one or more of the functions of forced circulation of air,
heating, cooling, dehumidification and filtering of air, but which does not include the source of cooling
or heating. This device is normally designed for free intake of air from a room and delivery of air into
the same room, but may be applied with minimal ductwork. This device may be designed for built in
application, or with an enclosure for application within the conditioned space.
Performance parameters
The functional parameters are the cooling capacity (both sensible and latent), the heating capacity for
reversible fan coils and the available static pressure for ducted units. The performance parameters are
the electricity consumption and the pressure loss on the water side that will affect the consumption of
the water circulator associated. The available static pressure is not defined in the EN 1397:1999 but in
the Eurovent Certification Programme for ducted fan coils.
capacity

The total heat tlow rejected by or supplied to the air tlow passing through the fan coil unit. lt includes
the power absorbed by the integral fan(s) of the unit. total air cooling capacity: The heat flow absorbed
by the cooling liquid tlow between the connections of the unit including the power absorbed by the
integral fan(s) of the unit and minus the heat tlow removed by the condensed water, if any.
electric power

Electric power absorbed by the fans and electric heaters (where fitted).
Iiquid side pressure drop

Difference between the static pressures of the liquid at the inlet and outlet connections of the fan coil
unit.
available static pressure

The available air static pressure at the discharge of the air way cross section of the unit.
sound power level

Ten times the logarithm to the base 10 of the ratio of the sound power, w, radiated by the sound
source under test to the reference sound power, Wo(= 10-12W).
1.4.4.3 Active chilled beams
Definitions issued from EN 15116:2008
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active chilled beam

convector with integrated air supply where the induced air only passes through the cooling coil(s). The
cooling medium in the coil is water
primary air flow rate (qp)

airflow supplied to the test object through a duct from outside of the test room or with primary air fan
and ducting inside the test room
induced air flow rate (qi)

secondary airflow from the test room induced into the test object by the primary air
cooling length (L)

active length of the cooling section
total length (Lt)

total installed length of the cooling section including casing
The main functional parameter is the cooling capacity (partly radiative and partly convective; there is
no latent capacity as condensation has to be avoided) although the specific cooling capacity per unit
length is often used. The performance parameters are the pressure losses on the primary air stream
and on the water side.
water side cooling capacity (Pw)

cooling capacity of the test object calculated from the measured cooling water flow rate and the
cooling water temperature rise
specific cooling capacity per unit length (PL)

water side cooling capacity divided by the (active) cooling section length
primary air pressure drop (Δpa)

pressure drop across induction nozzle plus discharge loss
water side pressure drop (Δpw)

internal pressure drop across coil plus beam internal pipes
Chilled beams (passive)
Definitions issued from EN 14518:2008
NOTE This standard deals with passive beams, i.e. beams without forced convection.
chilled beam

convector cooled with water and mounted under the ceiling of the test room with suspended ceiling
cooling length (L)

cooling length (L) of a chilled beam active length of the cooling section
total length (Lt)

total length (Lt) of a chilled beam total installed length of the cooling section including casing
The main functional parameter is the cooling capacity (partly radiative and partly convective; there is
no latent capacity as condensation has to be avoided) although the specific cooling capacity per unit
length is often used. The only performance parameter is the water pressure loss which is not defined
in the standard (the definition in the standard EN 15116 for active chilled beams is reported.
cooling capacity (P)

total cooling capacity of the test object calculated from the measured cooling water mass flow rate
and the cooling water temperature rise
specific cooling capacity of a chilled beam (PL)

cooling capacity divided by the (active) cooling length
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water side pressure drop (Δpw)

internal pressure drop across coil plus beam internal pipes
Chilled ceilings and other surfaces
Definitions issued from EN 15240:2004
chilled surfaces

surfaces that are part of the room periphery (such as ceiling, walls and floor) and cooled with water
Performance parameters
cooling capacity (P)

total cooling capacity of the test object calculated from the measured cooling water flow rate and the
cooling water temperature rise
water side pressure drop (Δpw)

internal pressure drop across coil plus beam internal pipes

1.4.5.

Heat rejection units

Based on existing definitions, a preliminary definition to be used for heat rejection units could be :
Heat rejection unit

A self contained system that cools a single phase liquid by rejecting sensible and/or latent heat via a
water to air heat exchanger, the air being mechanically circulated by one or several fans.
1.4.5.1 Dry coolers
Definitions
forced convection air cooled liquid cooler; "dry cooler"

A self contained system that cools a single phase liquid by rejecting sensible heat via a heat
exchanger to air that is mechanically circulated by integral fans.
liquid

The working fluid circulated through the refrigeration system, which remains in
liquid phase during the absorption and rejection of heat during the test. The liquid can be any
fluid which can be defined and that has known physical properties.
Performance parameters is the useful cooling capacity on one side and the electric consumption of the
fan motor and the liquid pressure loss in the heat exchanger.
capacity

The cooling effect on the liquid passing through the dry cooler. It is defined as the product of the liquid
mass flow rate and the difference between the enthalpies at the inlet and outlet connections of the dry
cooler.
liquid pressure difference

Difference between the liquid inlet pressure and the liquid outlet pressure.
1.4.5.2 Cooling towers
The only available standard regarding mechanical draft cooling towers in Europe seems to be the EN
13741 standard which only addresses wet cooling towers, not closed circuits ones.
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Definitions
cooling tower

apparatus in which water is cooled down by heat exchange with ambient air
drift loss

portion of the water flow rate lost from the tower in form of fine droplets mechanically entrained in the
discharge air stream, commonly expressed as mass per unit time or a percentage of the circulating
water flow rate. It is independent by water lost from evaporation
drift eliminator

the assemblies downstream of the heat transfer media, which serve to reduce the drift loss
fan power

power consumed by the fan driver, including the indication whether the efficiency of the driver is
included or not
make up

water added to the system to replace the water lost by evaporation, drift blowdown and leakage
mechanical draught cooling tower

cooling tower where the air circulation is produced by a fan. May further be categorized as either:
- forced draught: the fan is located in the entering air stream
- induced draught: the fan is located in the discharge air stream
non series type wet cooling tower

wet cooling tower, the design of which is project dependent, and for which the performance data and
test evaluation at specific operating conditions may be subject to agreement
open circuit (wet) cooling tower

cooling tower wherein the process fluid is warm water which is cooled by the transfer of mass and
heat through direct contact with atmospheric air
series type wet cooling tower

wet cooling tower, the design of which is fixed and described in the manufacturer’s catalogue and for
which the performance data are available, which allows test evaluation over a defined range of
operating conditions
Tower pumping head

the total pressure difference between the contractual tower inlet and outlet
Performance parameters are the cooling capacity, the electric power of the motor fan, the ratio of the
water flow or capacity to the electric power of the fan, as well as the total pumping head. The water
consumption is another functional parameter to consider.

1.5.

CLASSIFICATION

According to the tender specification, the classification and definition of the products should be based
on the following categorizations:
¾ Prodcom category or categories (Eurostat);
¾ Categories according to EN- or ISO-standard(s);
¾ Other product-specific categories (e.g. labelling, sector-specific categories), if not defined by the
above.
In particular, the classification and definition of the products shall be linked to the assessment of
¾ The primary product performance parameter (the "functional unit")
And, if needed, on the basis of functional performance characteristics and not on the basis of
technology
A further segmentation can be applied on the basis of
¾ Secondary product performance parameters.
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Prodcom categories for air conditioning products
For air conditioning products, Prodcom code gives one category for small direct expansion systems
but all other refrigerating equipment are included in one single category or their pieces included in the
different categories for parts (evaporator, condenser, compressor …), for air handling units and
terminal units of air conditioning systems and one specific category for cooling towers.
•
•
•
•
•

28251250: Air conditioning machines with refrigeration unit (excluding those used in motor
vehicles, self-contained or split-systems machines)
28251270: Air conditioning machines not containing a refrigeration unit; central station air
handling units; vav boxes and terminals, constant volume units and fan coil units
28296030: Cooling towers and similar plant for direct cooling by means of re circulated water
28251220: Parts for air conditioning machines (including condensers evaporators and
absorbers)
28251220: Window or wall air conditioning systems, self-contained or split-systems

The prodcom air conditioning does not give supplementary information regarding classification of air
conditioning products.
Cooling generators
The first main category differentiates absorption and compression vapour cycles.
For compression vapour cycles, the first main category relates to the type of energy used to drive the
motor of the compressor, either electricity or a fuel burnt in a motor integrated into the product.
The main classification of electric cooling machines is given in the test standard EN 14511. Products
are classified according to the fluid type at their heat exchangers. This table has been reported as
Table 1 - 1 on page 15. This classification applies for air conditioners, air conditioning condensing
units, and chillers.
Specific operating conditions (the type of air, the temperature of the source and sink fluids...) take into
account the system into which they are inserted; this standard includes either package air conditioning
systems or pieces of air conditioning systems as chillers. The combination of the classification by
source fluide and of the specific application condition is adapted to the commercial products available
on the market; the operating conditions are regularly updapted in consequence. More information is
given in the description of the EN14511 standard in this report.
Air cooled air conditioners and chillers with evaporatively-cooled condensers (and external water
alimentation) are also making a separate category (treated in the EN 15218:2006 standard). This also
applies to air conditioning condensing units.
Supplementary criteria are used to describe commercial products. Supplementary classifications
criteria in the ECC directory are given below.
Comfort air conditioners
-

Split, multi-split or packaged

-

Reverse cycle or cooling only

-

Ducted or non ducted; in the International and European standards, the calculation method for the
cooling/heating capacity and for the efficiency indexes compensate the larger indoor fan
consumption of ducted units by removing the share of the fan consumption which is not used to
force the air through the indoor heat exchanger; consequently, normally performances of ducted
and non ducted units are comparable.
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-

The type of mounting of the indoor unit, which may be relevant for this study as it sometimes
implies geometrical constraints that may limit the heat exchanger size and thus the efficiency of
the products.

-

The cooling capacity (with limits at 12, 45 and 100 kW in the case of the ECC programme
definitions for air conditioners). These limits however do not apply to air conditioners contained in
air handling units (and thus to rooftops in the ECC classification). In practice, there is no reason
for an upper cooling capacity limit, it is simply that the market does not require higher sizes.

Chillers
-

Split or packaged

-

Reverse cycle or cooling only

-

Ducted or non ducted (for air cooled chillers on the condenser)

-

Remote condenser

In principle, the same type of source sink classification can also be applied to gas fired absorption
cooling generators and to gas (or other combustible) engine driven cooling generators even if in
practice all the source/sink combinations are not available as commercial products.
Regarding absorption machines, the main distinction is linked to the hot source type:
-

Gas fired

-

Hot water or vapour heat exchanger (waste heat cooling generators)

Terminal units
Over the four types of terminal units previously defined, fan coils, active chilled beams, chilled beams,
chilled surfaces (ceilings, walls and floor), there are only classifications regarding fan coils.
For fan coils, the two main categories are for ducted and non ducted units. Ducted units have higher
available static pressure to be connected to a duct for air distribution. The fan coil standard does not
differentiate between ducted or non ducted fan coils but do limit the scope of non ducted fan coils to
65 Pa. The Eurovent Certification Company (ECC) uses 50 Pa. The reasons why these values have
been chosen are not known. With the present definitions of performance parameters, non ducted units
do perform better than ducted units because of the supplementary electricity consumption to reach
higher static pressure. This classification, with the present definition, is thus required
The ECC also defines further categories based on the heating function and on the type of mounting of
the unit. Regarding the heating function the categories are:
-

2-pipe cooling only (an electric heater may be fitted on these units)

-

2-pipe reversible or change-over, used alternatively in heating and cooling modes

-

4-pipe, may provide both heating and cooling in two different coils

-

heating only (here not electric)

Heat rejection units
The different categories of heat rejection units are:
-

dry coolers

-

cooling towers: humid or direct contact

-

cooling towers: closed circuit
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2. SUBTASK 1.2 - MEASUREMENT AND OTHER STANDARDS
2.1.

SUBTASK 1.2.1 - STANDARDS AT EUROPEAN COMMUNITY LEVEL

The Standard project prCEN/TR 15615:2006 gives an overview of EPBD related standards for air
conditioning systems. These standards are depicted in the figure below.
Figure 1 - 22 . Outline of linkage diagram for air conditioning systems

For air based system, the same standard as for ventilation are also used (EN 13779, EN 15241, and
EN 15242). EN ISO 13791 et 13792 are used for calculation of indoor temperature for building without
mechanical cooling and then are not useful in the frame of this study.
This is completed here with EU standards at product and component level.
Table 1 - 3 . Overview of EN design - performance - and test standards for Air Conditioning systems
Purpose of
EN standard

EN Standard
System level

Criteria for
Indoor Environment

EN 15251: 2007
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Design and
dimensioning
of air conditioning
systems

Calculation of energy
consumption
&
presentation of
performances

Further standard planned under ISO/TC 205/WG9
EN ISO 13790:2008 - Energy performance of buildings - Calculation of energy use
for space heating and cooling
EN 15255:2007 - Thermal performance of buildings – Sensible room cooling load
calculation – General criteria and validation procedures
EN 15265:2007 - Energy performance of buildings - Calculation of energy needs for
space heating and cooling using dynamic methods - General criteria and validation
procedures
EN 15243:2007 - Ventilation for buildings - Calculation of room temperatures and of
load and energy for buildings with room conditioning systems
EN 13779 : 2007 - Ventilation for non-residential buildings - Performance
requirements for ventilation and room-conditioning systems
EN 15241 : 2007 - Ventilation for buildings - Calculation methods for energy losses
due to ventilation and infiltration in commercial buildings
EN 15242 : 2007 - Calculation methods for the determination of air flow rates in
buildings including infiltration
EN 15603 : Energy performance of buildings — Overall energy use and definition of
energy ratings

Inspection of
installed systems

- Systems and generators
EN 15240:2007 - Ventilation for buildings - Energy performance of buildings Guidelines for inspection of air-conditioning systems
- AHU and air terminal devices
EN 12599:2000 /AC:2002 - Ventilation for buildings - Test procedures and measuring
methods for handing over installed ventilation and air conditioning systems

Control functions

EN 15232:2007 - Energy performance of buildings - Impact of Building Automation,
Controls and Building Management
Cooling production

Rating and
performance

EN 14511:2007 (and prEN14511:2009) Air conditioners, liquid chilling packages and
heat pumps with electrically driven compressors for space heating and cooling
- Part 1: Terms and definitions
- Part 2: Test conditions
- Part 3: Test methods
- Part 4: Requirements
prEN14825 :2009 - Air conditioners, liquid chilling packages and heat pumps, with
electrically compressors, for space heating and cooling- Testing and rating at part
load conditions and calculation of seasonal performance
EN 12309 - Gas-fired absorption and adsorption air-conditioning and/or heat pump
appliances with a net heat input not exceeding 70 kW
- Part 1: Safety (1999)
- Part 2: Rational use of energy (2000)
EN 15218:2006 Air conditioners and liquid chilling packages with evaporativelycooled condenser and with electrically driven compressors for space cooling - Terms,
definitions, test conditions, test methods and requirements
NF EN 13215:2000 - Condensing units for refrigeration - Rating conditions,
tolerances and presentation of manufacturer's performance data.
EN13771-2: 2007 - Compressor and condensing units for refrigeration. Performance
testing and test methods. Part 2: Condensing units.

Noise

EN 12102:2008 - Air conditioners, liquid chilling packages, heat pumps and
dehumidifiers with electrically driven compressors for space heating and cooling Measurement of airbone noise - Determination of the sound power level

Safety

EN 378-1:2008 Refrigerating systems and heat pumps - Safety and environmental
requirements
- Part 1: Basic requirements, definitions, classification and selection criteria
- Part 2: Design, construction, testing, marking and documentation
- Part 3: Installation site and personal protection
- Part 4: Operation, maintenance, repair and recovery
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Air Handling unit

Rating and
performance

- Air handling units
EN 13053:2006 Ventilation for buildings - Air handling units - Rating and
performance for units, components and sections
- Cooling coils
EN 1216: 1998 - Heat exchangers – Forced circulation air-cooling and air-heating
coils – Test procedures for establishing the performance

Terminal units

Rating and
performance

- Fan coils
EN 1397:1998 Heat exchangers - Hydronic room fan coil units - Test procedures for
establishing the performance
- Chilled ceilings
EN 14240:2004, Ventilation for buildings — Chilled ceilings — Testing and rating
- Chilled beams
EN 14518:2005 Ventilation for buildings - Chilled beams - Testing and rating of
passive chilled beams
EN 15116:2008 Ventilation in buildings - Chilled beams - Testing and rating of active
chilled beams
- Floor cooling
EN 1264:2009 - Floor heating - Systems and components
Part 1: Definitions and symbols
Part 2: Prove methods for the determination of the thermal output using

calculation and test methods
Part 3: Dimensioning
Part 4: Installation
Part 5: Heating and cooling surfaces embedded in floors, ceilings and walls Determination of the thermal output
EN 15377-1:2008 - Heating systems in buildings - Design of embedded water based

surface heating and cooling systems
Part 1: Determination of the design heating and cooling capacity
Part 2: Design, dimensioning and installation (superseded by EN1264 parts 3 and
4)
Part 3: Optimising for use of renewable energy sources
Heat rejection

Rating and
performance

- Dry cooler
EN 1048:1998 - Heat exchangers - Air-cooled liquid coolers "dry coolers" - Test
procedure for establishing the performance
- Cooling towers
EN 14705:2005 - Heat exchangers - Method of measurement and evaluation of
thermal performances of wet cooling towers
EN 13741:2004 - Thermal performance acceptance testing of mechanical draught
series wet cooling towers
Controls

Technical
characteristics

EN ISO 16484 - Building automation and control systems (BACS)
Part 1: Overview and Vocabulary (PrEN 2009)
Part 2: Hardware (2005)
Part 3: Functions (2007)
Part 4: Applications (No draft available)
Part 5: Data communication - Protocol (2010)
Part 6: Data communication - Conformance testing (2009)
Part 7: Project specification and implementation (No draft available)
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2.3.1.

System level

The figure and table below gives an idea of the specific objective of each standard and of the link
between them.
Figure 1 - 23 . Linkage diagram for ventilation and air conditioning systems, EN15241:2007

Table 1 - 4 . Relationship between standards, from EN15241:2007

from
15251

13779
15251

To
15243
15242

Information transferred

variables

Indoor climate requirements

Airflow requirement
comfort and health

for

Heating and cooling Set points
Required supply and exhaust Air flows

15242

15241

Air flows

Air flows entering and leaving the building

15241

13792

Air flows

Air flow for summer comfort calculation

15241

15203-15315
;15217

energy

15241

13790

15243

15243

15243

15242

15243

13790

data for building heating and
cooling calculation

13790

15243

Data for system calculation

Energies per energy carrier for ventilation
(fans, humidifying, precooling, pre heating),
+ heating and cooling for air systems
of air

data for heating and cooling
calculation

Temperatures, humilities and flows
entering the building

Data for air systems

Required energies for heating and cooling

Data for air heating
cooling systems

and

Required airflows when of use

Set point, emission efficiency, distribution
recoverable losses, generation recoverable
losses
Required energy for generation

EN 15251:2007
Full title: Indoor environmental input parameters for design and assessment of energy performance of
buildings, addressing indoor air quality, thermal environment, lighting and acoustics.
June 2007
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Design conditions specific to dimension air conditioning systems
Indoor temperature
This standard defines the thermal comfort requirements to design air conditioning systems. Regarding
maximum room temperature in summer for mechanically cooled buildings, it should be defined at MS
level. Recommended values in terms of operative temperature are given and reported in the table
below.
Table 1 - 5 . Examples of recommended design values of the indoor temperature for design of buildings
and HVAC systems (EN 15251, Annex A, Table A.2)
Type of building/ space

Residential buildings: living spaces
(bed rooms, drawing room, kitchen
etc) Sedentary ~ 1,2 met

Residential buildings: other
storages, halls, etc)
Standing-walking ~ 1,6 met

spaces:

Single office (cellular office) Sedentary
~ 1,2 met

Landscaped office (open plan office)
Sedentary ~ 1,2 met

Conference room Sedentary ~ 1,2 met

Auditorium Sedentary ~ 1,2 met

Cafeteria/Restaurant Sedentary ~ 1,2
met

Classroom Sedentary ~ 1,2 met

Kindergarten Standing/walking ~ 1,4

Category

Operative temperature oC
Minimum for heating
(winter season), ~ 1,0
clo

Maximum for cooling
(summer season), ~ 0,5
clo

I

21,0

25,5

II

20,0

26,0

III

18,0

27,0

I

18,0

II

16,0

III

14,0

I

21,0

25,5

II

20,0

26,0

III

19,0

27,0

I

21,0

25,5

II

20,0

26,0

III

19,0

27,0

I

21,0

25,5

II

20,0

26,0

III

19,0

27,0

I

21,0

25,5

II

20,0

26,0

III

19,0

27,0

I

21,0

25,5

II

20,0

26,0

III

19,0

27,0

I

21,0

25,0

II

20,0

26,0

III

19,0

27,0

I

19,0

24,5
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met

Department store Standing-walking ~
1,6 met

II

17,5

25,5

III

16,5

26,0

I

17,5

24,0

II

16,0

25,0

III

15,0

26,0

Indoor humidity
It also gives the design conditions for (de)humidification. Humidification and dehumidification is
generally not required except in specific buildings and if used, excess humidfication / dehumidification
should be avoided.
Recommended design values of indoor humidity for occupied spaces for dimensioning of
dehumidification and humidification systems are reported in the table below. Additionally, it is
recommended to limit the absolute humidity to 12g/kg.
Table 1 - 6 . Example of recommended design criteria for the humidity in occupied spaces if
humidification or dehumidification systems are installed (EN 15251, Annex B, Table B.6)
Type of building/space

Category

Design relative

Design relative

humidity for
dehumidification, %

humidity for
humidification, %

Spaces where humidity

I

50

30

criteria are set by human
occupancy.

II

60

25

(museums, churches

III

70

20

etc ) may require other
limits

IV

> 70

< 20

Special spaces

Indoor noise
Noise design requirements are set at national level. Nevertheless, recommended values are listed in
Annex E of the standard.
Indoor environment parameters for energy calculation specific to air conditioning systems
Indoor temperature
For seasonal and monthly calculations of energy consumption, the same temperatures as for design
should be used. For hourly (dynamic) calculations, an acceptable range of temperature is given in
Table 1 - 7 and the target value should be the midpoint of this temperature range. Deviations within
the temperature range are acceptable.
Indoor humidity
The same criteria as for design should be used.
Table 1 - 7 . Temperature ranges for hourly calculation of cooling and heating energy in three categories
of indoor environment (EN 15251, Annex A, Table A.3)
Type of building or space

Category

Temperature range for
heating, oC

Temperature range for
cooling, oC
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Residential buildings, living
spacesroom’s living rooms etc.)
Sedentary activity ~1,2 met

(bed

I
II
III

Residential buildings, other spaces (kitchens,
storages etc.) Standing-walking activity ~1,5
met

I
II
III

Offices and spaces with similar activity

I

(single offices, open plan offices, conference
rooms, auditorium, cafeteria, restaurants, class
rooms, Sedentary activity ~1,2 met

II

Clothing ~ 1,0 clo

Clothing ~ 0,5 clo

21,0 -25,0

23,5 -25,5

20,0-25,0

23,0 -26,0

18,0- 25,0

22,0 -27,0

18,0-25,0
16,0-25,0
14,0-25,0
21,0 – 23,0

23,5 -25,5

20,0 – 24,0

23,0 -26,0

19,0 – 25,0

22,0 - 27,0

19,0 – 21,0

22,5 -24,5

17,5 – 22,5

21,5 – 25,5

16,5 – 23,5

21,0 - 26,0

17,5 – 20,5

22,0 -24,0

16,0 – 22,0

21,0– 25,0

15,0 – 23,0

20,0 - 26,0

III

Kindergarten Standing-walking activity ~1,4
met

I
II
III

Department store Standing-walking activity
~1,6 met

I
II
III

EN ISO 13790:2008
Full title : Energy performance of buildings - Calculation of energy use for space heating and cooling

This standard defines the different calculation method that can be used to compute the sensible
cooling needs of a room, dynamic hourly simulation, simplified hourly, monthly and seasonal methods.
For each of the methods, the different calculation steps are described as well as the input. Regarding
system input modifying the sensible needs, the link is made with the system standards.
EN 15255:2007
Full title: Thermal performance of buildings – Sensible room cooling load calculation – General criteria
and validation procedures
The purpose of this European Standard is to validate calculation methods used to:
- evaluate the maximum cooling load for equipment selection and cooling system design;
- evaluate the temperature profile when the cooling capacity of the system is reduced;
- provide data for evaluation of the optimum possibilities for load reduction;
allow analysis of partial loads as required for system design, operation and control.
This European Standard includes the criteria and the level of input and output data required for a
simplified calculation method of the cooling load of a single room. Any calculation method satisfies the
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standard if it complies with the assumptions, data requirements and the validation procedures
described in Clause 7.
Cooling system device are split into purely convective cooling system devices and cooled surface
devices (for which heat transmission is partly convective and partly radiative, e.g. for cooling floors).
A simplified load calculation method is given in the informative Annex A. The share of convective and
radiative parts depending on the emitter type is given.
Table 1 - 8 . Sharing of radiative and convective heat transfer for cooling terminal devices (EN 15255,
Annex A, Table A.1)

EN 15265:2007
Full title : Energy performance of buildings - Calculation of energy needs for space heating and cooling using
dynamic methods - General criteria and validation procedures

This is the parallel standard to EN 15255 for dynamic calculation of cooling and heating load, with
criteria for validation and example of hourly weather data file for Trappes France for validating
calculation methods.
EN 15243:2007
Full title: Ventilation for buildings - Calculation of room temperatures and of load and energy for
buildings with room conditioning systems
Scope
The scope of this European Standard is:
- To define the procedure how the calculation methods to determine the temperatures, sensible
loads and energy demands for the rooms shall be used in the design process.
- To describe the calculation methods to determine the latent room cooling and heating load, the
building heating, cooling, humidification and dehumidification loads and the system heating,
cooling, humidification and dehumidification loads.
- To define the general approach for the calculation of the overall energy performance of buildings
with room conditioning systems.
- To describe one or more simplified calculation methods for the system energy requirements of
specific system types, based on the building energy demand result from prEN ISO 13790, and to
define their field of application.
General approach
The general approach for the calculation procedure of a building with a room conditioning system is
shown in the figure below with main steps described:
After the choice of the system, an appropriate room cooling and heating load calculation shall be
performed. This is the base for sizing the room based cooling equipment such as air volume flow rate,
chilled ceiling power, fan coil power, radiator power, embedded system power etc. It generally consists
of three parts:
- Room sensible cooling load.
- Room cooling load due to room based ventilation.
- Room latent cooling load.
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The load due to room based ventilation only occurs and has to be taken into account, when there is
room based ventilation such as natural ventilation through windows or vents or room based
mechanical ventilation.
The latent room cooling load has been taken into account in the beginning, when the humidity of a
room has to be controlled. But the latent gains have an influence on the local or central equipment
also in the other cases (uncontrolled dehumidification by cooling coils).
The zone load calculation, which is done by superposition of the room load profiles, gives then the
base for the sizing of central cooling equipment.
An outline for a “best procedure” for this general approach is given in Annex A.
Room cooling and heating load calculation
Sensible cooling and heating load calculation, both basic room calculation and system calculation, is
made according to EN 15255 standard.
This standard also specifies how to compute latent load at room level including for uncontrolled
dehumification via cooling coils. It gives the principles and the method to be implemented for hourly
calculation in Annex H. System dehumidification load calculation is described in EN 15241 standard.
Boundary conditions are also described for:
- climate: EN ISO 15927-2
- internal loads : EN 13779
- flow rate for ventilation: EN 15242
Room based equipment sizing
No further precision than common engineering rules are given.
Zone load calculation
Non coincidence of load requirements in different rooms should be taken into account for sizing
equipment.
System heating and cooling load calculation
No further precision than common engineering rules are given.
Central system sizing
No further precision than common engineering rules are given.
Room and building energy calculation
Room cooling and heating load should be calculated according to EN ISO 13790 standard. Building
related issues are only addressed to the extent that HVAC systems have an influence on the building
energy demand. This particularly includes latent load calculation that for detailed calculation should
take into account humidity properties of pieces of furniture in rooms to make a complete mass balance
according to EN 15026. However, it is precised that the procedure can generally be simplified.
HVAC system energy calculation
Simplified versus detailed methodology
According to prEN ISO 13790, building energy demand calculation methods are divided into detailed
and simplified categories. System behaviour calculation methods can be divided in hourly, monthly,
seasonal, and annual categories. The main distinction is between hourly methods and methods using
larger time steps. The table below shows a classification of combinations of calculation methods.
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Table 1 - 9 . Classification of building vs system calculation methods (EN 15243, Table 3)

Type BhSh
This configuration makes it possible to take into account hourly interactions between building
behaviour and system behaviour. It is the case for example for VAV system where the air flow
depends on the cooling demand, or for latent load which are difficult to calculate on a monthly basis.
Type BmSh
In this case the system behaviour is calculated based on hourly values before the building calculation
is performed. This can be done when the system behaviour is not dependent on the building
behaviour. It can be for example for systems reacting mainly to outdoor climate (for example
combination of outdoor air temperature and humidity). Some assumptions can also be used e.g.
relating for example indoor temperature to outdoor temperatures.
Type BmSm and BhSm
In this case the system behaviour is calculated by averaged monthly, seasonal or annual values, using
in general statistical analysis based on hourly calculation for typical climates, configurations etc.. It can
also be done directly if the system is simple enough to neglect the interaction with both outdoor
climate and the building behaviour. A commonly used category of system calculation method is based
on the frequency distribution of hourly outdoor air temperature and/or humidities. This can be
combined with either hourly or monthly/seasonal building calculations, thus belong to category BhSh
or BmSh.
Energy calculation structure
Figure 1 - 24 . General HVAC system structure and energy flows (EN15243:2007, Figure 3)

The formula for calculation proposed is straightforward, the energy consumption being the sum of the
individual consumption of system components. In case of several energy sources, they should be
splitted (e.g. gas and electricity).
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HVAC and ventilation system types
The standard gives a classification of air conditioning systems and of ventilation systems that is
reported hereunder. Empty bowes mean unusual or no longer used system, crosses means that the
system correspond with the description in the first or second colum, regarding empty squares for water
loop heat pump systems, the water to air heat pump is generally reversible, and they never include the
ventilation function.
Table 1 - 10 . HVAC system overview (EN 15243, Table 4a)

Table 1 - 11 . HVAC system overview (EN 15243, Table 4b)

59

Factors affecting energy consumption of air conditioning systems
It is then discussed which parameters should be included in HVAC energy consumption calculation
methods. The table below gives the main parameters that affect the energy consumption of such
systems and that should subsequently be taken into account in the energy calculation methods.
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Table 1 - 12 . Important technical features that affect the energy consumption of different types of HVAC system (EN 15243, Table 5a)
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Annex A gives “the best procedure for design process”.
Annex C gives the description of common AC combinations. The simplified classification is the one
shown in table 4a. However, more detailed description of main system types functions and controls is
also given. The structure of the energy flows for main AC systems is also presented.
Annex D gives a schematic relationship between HVAC system energy procedure, building energy
demand calculations, data and outputs.
Annex E gives examples of simplified energy consumption calculation, two MS methods from the
Netherlands and Germany and a monthly method based on degree days calculation.
Annex H explains how to compute the latent energy demand for hourly calculation method.
Annex I shows example of how to compute the efficiency of cold generators and chillers. Default
cooling load curves are proposed and method to compute seasonal performances are discussed.
Default values for EER, SEER and part load performances per category of equipment are proposed.
Annex J shows how to calculate the water system losses including default values for the losses.
EN 13779 : 2007
Full title : Ventilation for non-residential buildings – Performance requirements for ventilation and
room-conditioning systems
The provisions of this standard have been described in the ventilation system section and fully apply to
the air side of air conditioning systems. It is to be noticed the design conditions should take into
account properly humidity in summer time where default design conditions are proposed (operative
temperature 26 °C and relative humidity 60 % or specific humidity 12 g/kg).
EN 15241 : 2007
Full title : Ventilation for buildings - Calculation methods for energy losses due to ventilation and
infiltration in commercial buildings
This European Standard describes the method to calculate the ventilation air flow rates entering and
leaving the buildings to be used for cooling load calculation. It explains the method to compute the
flow and temperature of air through the ventilation system / all air cooling system and the interaction
with each element of the system. It enables to compute the effects of:
- duct heat losses, flow losses, and added fan consumption depending on the control of the fan,
- free cooling,
- pre-cooling,
- dehumidification by cooling coil on the air stream.
EN 15242 : 2007
Full title : Calculation methods for the determination of air flow rates in buildings including infiltration
The standard enables to calculate the mechanical air flow rates for ventilation and all air air
conditioning systems. It includes specific provisions for VAV systems.
EN 15603
Full title : Energy performance of buildings — Overall energy use and definition of energy ratings Systems and generators
The purpose of the standard is to:
a) collate results from other standards that calculate energy use for specific services within a building;
b) account for energy generated in the building, some of which may be exported for use elsewhere;
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c) present a summary of the overall energy use of the building in tabular form;
d) provide energy ratings based on primary energy, carbon dioxide emission or other parameters
defined by
national energy policy;
e) establish general principles for the calculation of primary energy factors and carbon emission
coefficients.
Calculation principles of the recovered gains and losses
The standard defines the principle of recoverable system losses: the interactions between the different
energy services (heating, cooling and lighting) are taken into account by the calculation of heat gains
and recoverable system losses which can have a positive or negative impact on the energy
performance of the building.
Two methods, a detailed iterative method and a simplified approach are described. The simplified
approach uses a default recovery factor and 80 % is set as a default value.
The rest of the standard gives an overview of how to present the thermal needs, the technical system
consumption to finally compute the energy balance.
EN 15240:2007
Full title : Ventilation for buildings - Energy performance of buildings - Guidelines for inspection of airconditioning systems- AHU and air terminal devices
This European Standard describes the common methodology for inspection of air conditioning
systems in buildings for space cooling and or heating from an energy consumption standpoint. The
inspection can consider for instance the following points to assess the energy performance and proper
sizing of the system:
- System conformity to the original and subsequent design modifications, actual requirements and
the present state of the building.
- Correct system functioning.
- Function and settings of various controls.
- Function and fitting of the various components.
- Power input and the resulting energy output.
It is not intended that a full audit of the air conditioning system is carried out, but a correct assessment
of its functioning and main impacts on energy consumption, and as a result determine any
recommendations on improvement of the system or use of alternative solutions. National regulations
and guidelines targeting energy efficiency and in line with the main objectives of this standard are also
applicable.
NOTE Provision of adequate ventilation and system balancing are dealt with in EN 15239.
The legal requirements regarding the precise inspection items and frequency of checks according to
the categories of systems are to be established at member state level.
EN 12599:2000 /AC:2002
Full title : Ventilation for buildings - Test procedures and measuring methods for handing over installed
ventilation and air conditioning systems
This European Standard specifies checks, test methods and measuring instruments in order to verify
the fitness for purpose of the installed systems at the stage of handing over.
The standard enables the choice between simple test methods, when sufficient, and extensive
measurements, when necessary.
The standard applies to mechanically operated ventilation and air conditioning systems as specified in
CR 12792 and comprising any of the following:
- Air terminal devices and units
- Air handling units
- Air distribution systems (supply, extract, exhaust)
- Fire protection devices
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-

Automatic control devices.

EN 15232:2007
Full title : Energy performance of buildings - Impact of Building Automation, Controls and Building
Management
Scope
This European Standard specifies:
- a structured list of control, building automation and technical building management functions which
have an impact on the energy performance of buildings;
- a method to define minimum requirements regarding the control, building automation and
technical building management functions to be implemented in buildings of different complexities;
- detailed methods to assess the impact of these functions on a given building. These methods
enable to introduce the impact of these functions in the calculations of energy performance ratings
and indicators calculated by the relevant standards;
- a simplified method to get a first estimation of the impact of these functions on typical buildings.
Abbreviations and acronyms
BAC: Building Automation and Control
BACS: Building Automation and Control System
BM: Building Management
HVAC: Heating, Ventilation and Air Conditioning
TBM: Technical Building Management
Impact of BACS and TBM on the energy performance of buildings
Building Automation and Control (BAC) equipment and systems provides effective control functions of
heating, ventilating, cooling, hot water and lighting appliances etc., that lead to increased operational
and energy efficiencies.
The standard defines BAC efficiency classes.
- Class D corresponds to non energy efficient BACS. Building with such systems shall be retrofitted.
New buildings shall not be built with such systems.
- Class C corresponds to standard BACS.
- Class B corresponds to advanced BACS and some specific TBM functions.
- Class A corresponds to high energy performance BACS and TBM.
The table 1 of the standard defines the list of functions corresponding to each energy efficiency
classes for all end uses.
Reference BAC functions
The functions of the reference BAC of class C are further defined.
Calculation method for BAC efficiencies
The standard then defines the gains that can be reached with improved BAC functionalities referring to
adequate EPBD standards including for cooling and ventilation systems. Efficiency factors noticed fBAC
are defined for each energy consumption item.
To simulate the impact of the BAC efficiency on the cooling needs increased of the system efficiency
losses for instance, the sum of total cooling needs should be multiplied by the ratio
fBAC,class X / fBAC,class C.
A table gives the factors the BAC efficiency will affect. Typical factors have been computed with the
TRNSYS software and are presented for the whole energy consumption of different types of non
residential buildings. Individual BAC efficiencies by function (cooling needs, cooling electricity
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consumption, …) are not available. However, detailed occupation and system scenarios are given in
example in Annex A that are useful to compute standard energy consumption of buildings.
2.3.2.

Cooling generators

The study has defined in the definition section 1.5 the different types of cooling generators as follows:
-

Absorption / adsorption machines, gas fired or waste/renewable heat fired

-

Vapor compression cycles with electric compressor or with gas engine coupled compressors.

Electric cooling generator standards are covered by the EN14511 standard, the project standard
prEN14825 and the EN 15218 standard for evaporatively-cooled generators.
Direct fired absorption and adsorption machines up to 70 kW net gas input have a standard similar to
EN14511 for full load performances and under the same system conditions regarding the sink source
temperatures. However, other absorption machines, and this includes waste heat and renewable heat
units are not covered by any standard. There is not any standard for gas (or other fuel) motocompressor heat pumps neither in Europe.
These are the commercial products sold for cooling. As mentioned in the definition of air conditioning
systems in section 1.2, there are alternative cooling solutions not based on vapour compression or
ab/adsorption cycles but based on evaporative and desiccant cooling.
In the residential sector, small evaporative coolers are sold in summertime and compete with air
conditioners. However, there is no standard for these products17. In the commercial sector,
evaporative cooling is seen as a system option. Hybrid products in which the evaporative cooling
process and a classical electric refrigeration machine work jointly are not rated in any standard in
Europe (as their diffusion is still confidential).
Regarding desiccant cooling, there is no standard to rate the desiccant wheel, the main extra
component of these systems which presently is rated when used as a heat recovery heat exchanger in
a air handling unit, but not for its dehumidification capability when activated by hot air.
What follows thus focuses on air conditioning products as defined in the definition section 1.5.
EN 14511:2007 and prEN14511:2009
Full title: Air conditioners, liquid chilling packages and heat pumps with electrically driven
compressors for space heating and cooling.
Part 1: Scope, Terms and definitions
As opposed to ISO or other regional test standards, the EN 14511 standard covers all types of air
conditioning equipment working on the mechanical vapour compression cycle with electrically driven
compressor for space heating or cooling. They are classified according to the fluids used at their
evaporators and condensers (Cf paragraph 1.1.4).
This standard applies to factory-made units, which may be ducted. In the case of units consisting of
several parts, the test standard apply only to those designed and supplied as a complete package,
except for liquid chilling packages with remote condenser.
The following units are excluded:
- heat pumps for sanitary hot water,
- the units having their condenser cooled by air and by the evaporation of external additional water
are not covered by this standard (covered by standard EN 15218), while air cooled air conditioners
which evaporate the condensate on the condenser side are included.

17

It is already noticed in the ENER Lot 10 study, on task 1, to which these products pertain.
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Water cooled multi-split are included in the latest draft version as well as double duct units. Part load
testing of units is dealt with in the technical standard CEN/TS 14825 (having been revised to
prEN14825:2009 in the meanwhile).
VRF systems are included, including the VRF systems enabling heat recovery between the different
indoor units.
Chillers are rated according to this standard. It means there is no standard for lower temperature
levels.
Part 2 : test conditions
This standard only defines tests for rating the performances of the units; only the tests in the standard
conditions are mandatory. However, application rating performances should be published by
manufacturers or manufacturer representative whether application testing conditions lie in the range of
operation specified. Complementary tests as defined in the ISO 5151 and 13253 standards are
defined in part 4 and compatible with the ISO standards.
The test conditions are defined in the cooling mode and in the heating mode following the
classification by evaporator and condenser external fluids.
For air to air and water to air units, testing conditions are compatible with ISO 5151 and with ISO
13253 standards both in cooling and heating mode. Distinction is also made according to the type of
air stream (exhaust air, outdoor air, recycled air) in order to better translate the conditions of operation
of these products.
Table 1 - 13 . Air to air, testing conditions in the cooling mode

Outdoor heat exchanger

Standard rating
Conditions

Application
rating
conditions

Comfort (outdoor air
/ recycled air)
Comfort (exhaust air
/ recycled air)
Comfort (exhaust air
/ outdoor air)
Single ductb
Control cabinet
Close control
Comfort (outdoor air
/ recycled air)
Single duct b c
Comfort (outdoor air
/ recycled air)
Control cabinet
Close control

Indoor heat exchanger

Inlet dry
bulb
temperature
°C

Inlet wet
bulb
temperature
°C

Inlet dry
bulb
temperature
°C

Inlet wet
bulb
temperature
°C

35

24 a

27

19

27

19

27

19

27

19

35

24

35
35
35

24
24
24

35
35
24

24
24
17

27

19 a

21

15

27

19

27

19

29

19

35
21

24
15

a

46

24

50
27

30
19

a The

wet bulb temperature condition is not required when testing units which do not evaporate condensate.
using the calorimeter room method, pressure equilibrium between indoor and outdoor compartments shall
be obtained by introducing into indoor compartment, air at the same rating temperature conditions.
c The pressure difference between the two compartments of the calorimeter room shall not be greater than 1,25
Pa. This pressure equilibrium can be achieved by using an equalising device or by creating an open space area in
the separation partition wall, which dimensions shall be calculated for the maximum airflow of the unit to be
tested. If an open space is created in the partition wall, an air sampling device or several temperature sensors
shall be used to measure the temperature of the air from the outdoor compartment to the indoor compartment
b When
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Table 1 - 14 . Air to air, testing conditions in the heating mode

Outdoor heat exchanger
Inlet dry
Inlet wet
bulb
bulb
temperature temperature
°C
°C
Standard rating
Conditions

Application
rating
conditions

Outdoor air / recycled
air
Exhaust air / recycled
air
Exhaust air / outdoor
air
Outdoor air / recycled
air
Outdoor air / recycled
air
Outdoor air / recycled
air
Exhaust air / outdoor
air
Exhaust air / outdoor
air

Indoor heat exchanger
Inlet dry
Inlet wet
bulb
bulb
temperature temperature
°C
°C

7

6

20

15 max

20

12

20

12

20

12

7

6

2

1

20

15 max.

-7

-8

20

15 max.

- 15

-

20

15 max.

20

12

2

1

20

12

-7

-8

Table 1 - 15 . Water to air and brine to air, testing conditions in the cooling mode
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Table 1 - 16 . Water to air and brine to air, testing conditions in the heating mode

Table 1 - 17 . Water to water and brine to water, testing conditions in the cooling mode

Table 1 - 18 . Water to water and brine to water, testing conditions in the heating mode for low, medium
and high temperature application
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Table 1 - 19 . Air to water and brine to air, testing conditions in the cooling mode

Standard rating
conditions

Application
rating
conditions

water
brine
water (for floor
cooling or similar
application)
water
water (for floor
cooling or similar
application)
water
brine

Outdoor heat exchanger
Inlet dry
Inlet wet
bulb
bulb
temperature temperature
°C
°C
35
35
-

Indoor heat exchanger
Inlet
temperature
°C

Outlet
temperature
°C

12
0

7
-5

35

-

23

18

27

-

a

7

a

27

-

46
27

-

18
a
a

7
-5
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a

The test is performed at the water flow rate obtained during the test at the corresponding standard rating
conditions.
Table 1 - 20 . Air to water, testing conditions in the heating mode for low, medium and high temperature
application
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Table 1 - 21 . Water to water, testing conditions in the cooling mode

Table 1 - 22 . Water to water, testing conditions in the heating mode

Outdoor heat exchanger
Inlet
Outlet
temperature temperature
°C
°C

Indoor heat exchanger
Inlet
Outlet
temperature temperature
°C
°C

a

Water
10
40
45
7
a
Brine
0
40
45
-3
Water
(for
floor
heating
a
Standard rating
10
30
35
7
or similar application)
conditions
Brine (for floor heating
a
or
0
30
35
-3
similar application)
b
b
Water
15
45
b
b
Brine
5
45
Brine (for floor heating
Application
b
b
35
5
or similar application)
rating
b
b
conditions
Brine
-5
45
b
b
Brine
0
55
b
b
Water
10
55
a
For units designed for heating and cooling mode, the flow rate obtained during the test at standard rating
conditions in cooling mode (see Table 8) is used.
b
The test is performed at the flow rate obtained during the test at the corresponding standard rating conditions.
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Table 1 - 23 . Liquid chilling packages with remote condenser

For VRF with heat recovery, a heat recovery test is required.
Table 1 - 24 . Heat recovery conditions for air cooled multi-split system

Three room
calorimeter or
air enthalpy
Dry bulb
Wet bulb
temperature temperature
°C
°C
Application
rating
conditions

Outdoor side
Indoor
side

Heating
Cooling

Two room
Air enthalpy
Dry bulb
temperature
°C

Wet bulb
temperature
°C

7

6

7

6

20
27

19

20
20

19
19

For water cooled multi-split, specific test conditions are proposed in cooling and in heating modes
(prEN14511:2009).
Table 1 - 25 . Cooling capacity conditions for water-cooled multisplit systems
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Table 1 - 26 . Heating capacity conditions for water-cooled multisplit systems

For chillers with the possibility to recover heat at the condenser, test conditions to measure the heat
recovered while operating in cooling mode are proposed (prEN14511:2009) and reported below.
Table 1 - 27 . Heating capacity conditions for water-cooled multisplit systems

Part 3: Test methods
For air to air and water to air air conditioners, two testing methods are defined, namely the “enthalpy
method”, which consists in the direct measurement of cooling capacity by measurement of air flow
rates and inlet and outlet temperatures as well as weighting of the condensates on the coil and the
indirect “calorimeter room” method in which the heat and water that have been removed from the
inside room by the unit are measured.
This latter method is reputed much more certain than the direct measurement method. However, for
large capacity air conditioners, it is likely not to be used for practical limitations.
For measurement of capacity of the enthalpy change of liquid, the direct method should be used:
determination of the volume flow of the heat transfer medium, and the inlet and outlet temperatures,
taking into consideration the specific heat capacity and density of the heat transfer medium
Correction for fans and pumps
In order to avoid manufacturers to increase the energy efficiency of their products to the detriment of
increased pressure losses that would not be credited to the unit but to the auxiliaries of the system (for
manufacturers that supply units without internal fan or pump), the power needed to overcome the
pressure losses at the inside heat exchanger is taken into account. Two cases may occur, whether or
not an inside fan (or pump) is part of the unit:
Without fan or pump:
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P2 = q . Δpi / η [in Watts]
where
- η is the pump or fan efficiency ; 0.3 for fans ; for pumps, a default formula is proposed as a function
of the hydraulic power.
- Δpi is the measured internal static pressure difference, in Pascals;
- q is the nominal air flow rate, in cubic meters per second.
P2 is to be added to the unit electric power, the cooling capacity must be decreased (and the heating
capacity increased).
With fan or pump that deliver static pressure (for air, it concerns ducted units only):
P1 = q . Δpe / η [in Watts]
where
- η is 0,3 by convention;
- Δpe is the measured available external static pressure difference, in Pascals;
- q is the nominal air flow rate, in cubic meters per second.
P1 is to be excluded from the unit electric power, removed from the cooling capacity (added to the
heating capacity).
Non ducted air cooled air conditioners are rated equally by ISO 5151 standard and EN 14511.
For ducted units (or units supplied with a pump), the supplementary electric power that enables to
deliver static pressure to the network for duct connection (or pipe connection) is not accounted for in
the efficiency of the unit. It enables to make rated performances of ducted and non ducted units (water
based units supplied with and without a pump) comparable. This is in line with international standards
ISO 13253 and ISO 13256.
It is also to be noticed that the pump correction for chillers is not applied outside Europe. Big units
being sold without a pump, this generally makes European rating lower, called net capacity lower than
gross capacity, with also lower energy efficiencies. Eurovent-Certification catalogue data reported
hereafter in this report are gross capacity values.
Minimum static pressure available for ducted units
The minimum static pressure available for ducted units is reported in the table below as a function of
the indoor air flow rate.
Table 1 - 28 . Minimum air flow for ducted comfort air conditioners

Part 4: requirements
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Supplementary requirements are defined in this part:
- a starting test,
- a maximum operating test (cooling mode),
- a freeze-up test,
- a test outside the operating range,
- a safety test consisting in shutting off the heat transfer medium flows,
- a complete power supply failure test,
- a condensate draining and enclosure sweat test,
- information on the defrosting means (where applicable).
Instructions are given for the information that should be marked on the plate of the unit (namely
manufacturer and machine designation and rated performances).
The information that should be published in the technical documentation of the unit is also described.
It entails:
- trade mark, model designation;
- power supply (voltage, frequency);
- denomination of the unit (e.g.: air-to-water);
- intended use of the unit (e.g.: control cabinet air conditioner);
- number of separate component units;
- type and mass of refrigerant charge;
- overall dimensions and weight of each separate component unit.
- the cooling capacity, the effective power input, the EER and the SHR (where applicable);
- the heating capacity, the effective power input and the COP (where applicable);
- the heat recovery capacity and the type of liquid (where applicable).
- non ducted air-to-air units: flow rates or rotational speeds of fans (rated point);
- non ducted air-to-water units: air flow rate or rotational speed of fan; water flow rate and pressure
difference (rated point),
- unit intended to discharge into double floor: nominal flow rate and external static pressure difference
(rated point),
- other types of units: nominal flow rates and external static pressure differences for air and water
(rated point).
- Sound characteristics: the manufacturer shall provide the sound power level and the corresponding
test method according to ENV 12102.
The manufacturer shall specify the electrical the characteristics in accordance with EN 60335-2-40 or
EN 60204-1 as applicable and:
- maximum starting current of the unit, as defined in EN 61000-3-11;
- total power input and current at the rated point, excluding the starting period;
- reactive power or power factor at the rated point, for units with a total power input greater than 10
kW;
- power input of fan and pump if included in the units.
- limits of use (temperatures and flows);
- whether there are devices fitted which do not allow the unit to operate when these limits are
exceeded.
If not already required by other standards, the manufacturer shall provide the supplementary
information as described below:
- specify the refrigerant, air and liquid circuits preferably providing circuit diagrams, showing every
- functional unit, control and safety device and specifying their type;
- if the unit uses water in the heat exchangers specify the water capacity contained in the unit, and
specify either the constructional materials of the heat exchangers or the water quality;
- if used, specify the type of brine and the concentration into any other liquid;
- specify the type of oil to be used in the compressor.
- specify the type and location of additional heating devices and their control and safety devices.
- state the functions achieved by the control and safety devices provided with the unit and specify
when applicable their provision for adjustment and the method by which the safety devices are reset;
- provide specifications for any control or safety devices necessary to ensure correct operation of the
unit but which are not provided with the unit;
- specify any limitation to the use of the rest of the installation.
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- specify the required location conditions (whether units are to be installed outside or in a weather
proof enclosure, or in a heated space);
- specify the requirements of physical layout, access and clearance;
- specify the requirements for the electrical, liquid, air and refrigerant connections, to be made on site;
- specify the location of warning and tripping devices;
- specify the installation precautions to be taken to ensure, in particular:
- advice for correct circulation of the heat transfer media;
- advice for water draining;
- advice for maintaining cleanliness of heat exchange surfaces;
- advice to minimise noise, vibration or other adverse effects.
- Special indications for units using soil, sea water, ground water or surface water: specify any
materials which are in contact with the water or with the brine.
- content and frequency of routine maintenance operations to be performed by the user;
- content and frequency of maintenance and inspection operations which shall be performed by a
specialist.
PrEN14825 – 2010
Full title: Air conditioners, liquid chilling packages and heat pumps, with electrically compressors, for
space heating and cooling- Testing and rating at part load conditions and calculation of seasonal
performance
The standard applies to factory made units defined in EN14511-1, except single duct, control cabinet
and close control units.
The method is compatible with methodologies applied in studies DG ENER lot 1 for water based
heating and DG ENER Lot 10 for air conditioners up to 12 kW.
There is presently no part load conditions defined in cooling mode for evaporatively-cooled air
conditioners and chillers.
Regarding VRF, there is not any specification for heat recovery under part load conditions.
Cooling mode
A bin method is used to compute a seasonal efficiency ratio in cooling mode noted SEERon which
only accounts for hours with non zero cooling load.
A second figure SEER is defined to take into account parasitic electricity power consumption in low
power modes: thermostat off mode, standby mode, off mode and crankcase heater mode.
A reference climate is defined. It is an average climate for Europe. The load curve is a straight line as
a function of outdoor air temperature with no load at 16 °C and 100 % load (matching the full load
capacity of the unit) at 35 °C.
reference design conditions for cooling (Tdesignc)

Temperature conditions at 35oC dry bulb (24oC wet bulb) outdoor temperature and 27oC dry bulb
(19oC wet bulb) indoor temperature
Part load ratio % = (Tj-16) / (35-16)
The hours of operation in each bin are defined below.
Table 1 - 29 . bin number j, outdoor temperature Tj in oC and number of hours per bin hj corresponding to
the reference cooling season
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The EER values at each bin are determined via interpolation of the EER values at part load conditions
A,B,C,D as mentioned in the tables below with methods as described below. For part load conditions
above part load condition A, the same EER values as for condition A are used. For part load
conditions below part load condition D, the same EER values as for condition D are used.
To compute SEERon and SEER, the formulas to be applied are:

Where :
Tj = the bin temperature
j = the bin number
n = the amount of bins
Pc(Tj) = the cooling demand of the building for the corresponding temperature Tj.
hj = the number of bin hours occurring at the corresponding temperature Tj
EER(Tj) = the EER values of the unit for the corresponding temperature Tj .

Where :
QCE = The reference annual cooling demand, expressed in kWh
HTO, HSB, HCK, HOFF = the number of hours the unit is considered to work in respectively
thermostat off mode, standby mode, crankcase heater mode and off mode. PTO, PSB, PCK, POFF =
the electricity consumption during respectively thermostat off mode, standby mode, crankcase heater
mode and off mode, expressed in kW
And

For units up till 12 kW cooling capacity, the number of equivalent cooling hours equals 350 and
equivalent hours of operation are available (ENER Lot 10).
The 4 testing conditions A, B, C and D are defined for each type of sink-source combination.
Table 1 - 30 . Part load conditions for reference SEER and reference SEERon : air to air units

Table 1 - 31 . Part load conditions for reference SEER and reference SEERon : water-to-air and brine to air
units
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Table 1 - 32 . Part load conditions for reference SEER and reference SEERon : air-to-water units

Table 1 - 33 . Part load conditions for reference SEER and reference SEERon : water-to-water units and
brine to water units

At full load (= part load condition A), the declared capacity of a unit is considered equal to the cooling
load (Pdesignc).
In part load conditions B,C,D the declared capacity of a unit may or may not match the cooling load : If
the declared capacity of a unit is matching with the required cooling loads, the corresponding EER
value of the unit is to be used. This may occur with staged capacity or variable capacity units.

81

If the declared capacity of a unit is higher than the required cooling loads, the unit has to cycle on/off.
This may occur with fixed capacity, staged capacity or variable capacity units. In such cases, a
degradation factor (Cd or Cc) has to be used to calculate the corresponding EER value. Such
calculation is explained below.
For water based units when cycling, the unit will have to operate at lower leaving temperature than 7
°C (for fixed outlet) in order to be able to supply 7 °C on average. The correction formula (both for
fixed and variable outlet) is as follows:
toutlet,average = tinlet,full load test + toutlet,full load test – tinlet, full load test) * CR
For stage capacity units and variable capacity with capacity stages not matching the required part load
conditions (+/- 3 % of DC for capacity stage and 5 % for variable capacity units), EERx should be
computed by linear interpolation between the capacity stages the closest to the part load required for
the same temperature conditions.
Cd correction for air to air and water to air

-

EERDC = the EER corresponding to the declared capacity (DC) of the unit at the same
temperature conditions as for part load conditions B,C,D

-

Cd = the degradation coefficient

-

CR = the capacity ratio The capacity ratio is the ratio of the cooling demand (Pc) over the
declared capacity (DC) of the unit at the same temperature conditions

The Cd value can be determined by test or the default degradation coefficient Cd shall be 0.25. It
takes into account both the power consumption of the unit when the compressor is off and the
pressure equalisation that reduces the cooling/heating capacity when the unit is restarted. Test is
made at 20 % load over a cycle of 30 mn.
Cc correction for air to water and water to water

-

Cc = the degradation coefficient

The Cc value can be determined by test or the default degradation coefficient Cc shall be 0.1. It takes
into account both the power consumption of the unit when the compressor is off but does not account
for the pressure equalisation that reduces the cooling/heating capacity when the unit is restarted that
has been estimated to be negligible. Test is then simply the measurement of electric power when the
compressor is off (over 10 mn).
Heating mode
The same procedure is applied in heating mode18 as in cooling mode. For the purpose of reference
SCOP and reference SCOPon, there are 3 reference conditions: average (A), warmer (W) and colder
(C). A supplementary SCOPnet, without backup nor consumption of the low power modes, is defined
in view of the RES directive 2009/28/EC, meaning here the SCOPnet definition was built up so it may
be used in order to evaluate “the amount of aerothermal, geothermal or hydrothermal energy
captured” by heat pumps - ERES19 - for the purposes of this directive.
reference design conditions for heating (Tdesignh)
18

For water based heating, there are 3 temperature levels with fixed or variable outlet temperature.
Only the very high temperature application of the EN14511 standard is not covered (50 °C – 65 °C).
19
To evaluate the renewable energy captured by the heat pump, the SCOPnet computation does not
consider nor the low power modes consumption, nor the electric heating energy.
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Temperature conditions for average, colder and warmer climates.
Average: -10oC dry bulb outdoor temperature and 20oC dry bulb indoor temperature
Cold: -22°C dry bulb outdoor temperature and 20°C dry bulb indoor temperature
Warm: +2°C dry bulb outdoor temperature and 20°C dry bulb indoor temperature
A bivalent point is defined and illustrated in the figure below.
bivalent temperature (Tbivalent)

It is the lowest outdoor temperature point at which the heat pump is declared to have a capacity able
to meet 100% of the heating demand.
NOTE Below this point, the unit may still deliver capacity, but additional back up heating is necessary to fulfill the
full heating demand.
The declared bivalent temperature can be any outdoor temperature within following limits:
-

for the average heating season, the bivalent temperature is +2°CDB or lower

-

for the colder heating season, the bivalent temperature is -7°CDB or lower

-

for the warmer heating season, the bivalent temperature is +7°CDB or lower

In addition, the bivalent point is fixed for reversible air to air units falling in the scope of ENER Lot 10
study (cooling capacity below 12 kW). Average season bivalent point shall be – 7 °C, cold climate
bivalent point should be - 7 °C and warm climate bivalent point should be 2 °C.
Figure 1 - 25 . Illustration of the bivalent point for a on-off cycling air to water unit (prEN14825:2009,
Annex B, p 40)

The heating bins are given hereunder. The load curve in heating mode is also computed with 16 °C as
the balance point temperature (ie outdoor dry bulb temperature with no heating load) with the following
formula:
The heating demand Ph(Tj) can be determined by multiplying the full load value (Pdesignh) with the
part load ratio % for each corresponding bin. This part load ratio % is calculated as follows :
-

For the average climate : Part load ratio % = (Tj-16) / (-10-16) %

-

For the warmer climate : Part load ratio % = (Tj-16) / (+2-16) %

-

For the colder climate : Part load ratio % = (Tj-16) / (-22-16) %

Table 1 - 34 . bin number j, outdoor temperature Tj in °C and number of hours per bin hj corresponding to
the reference heating seasons ―warmer, ―average, ―colder
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The SCOP and SCOPon are computed as in the cooling mode but taking into account the electric
heating required to cover the heating load below the bivalent point.
To compute SCOPon and SCOP, the formulas to be applied are:

Where :
Tj = the bin temperature
j = the bin number
n = the amount of bins
hj = the number of bin hours occurring at the corresponding temperature Tj
COP(Tj) = the COP values of the unit for the corresponding temperature Tj .
Ph(Tj) = the heating demand of the building for the corresponding temperature Tj, expressed in kW
elbu(Tj) = the capacity of an electric backup heater with a COP of 1, expressed in kW NOTE for the
purpose of SCOPon, elbu applies in case the declared capacity (DC) of the
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Where :
QHE = The reference annual heating demand, expressed in kWh
HTO, HSB, HCK, HOFF = the number of hours the unit is considered to work in respectively
thermostat off mode, standby mode, crankcase heater mode and off mode.
PTO, PSB, PCK, POFF = the electricity consumption during respectively thermostat off mode, standby
mode, crankcase heater mode and off mode, expressed in kW
And

For air-to-air heat pumps till 12 kW heating, the number of equivalent heating hours equals 1400 and
equivalent hours of operation are available (ENER Lot 10).

Default equivalent full load hours are given for air to air reversible units with cooling capacity lower
than 12 kW as well as hours for low power mode consumption to compute reference SCOP and
SCOPon values. They are reported in the tables below.

EN 12309
Full title: Gas-fired absorption and adsorption air-conditioning and/or heat pump appliances with a net heat input
not exceeding 70 kW - Part 1: Safety 1999 - Part 2: Rational use of energy 2000

The first part of the standard deals with the safety of these gas burning products. The second part of
this standard is parallel to the EN14511 standard for absorption and adsorption machines below 70
kW cooling capacity. There is not comparable CEN standard for larger capacity absorption/adsorption
chillers. There is not any part load or seasonal performance standard equivalent to the prEN14825
standard for absorption/adsorption machines. The classification and testing conditions defined are
similar to the ones defined in the standard 14511. Despite its importance on part load performance,
the electric consumption is not defined in this standard. It should be added for proper performance
evaluation.
EN 15218: 2006
Full title: Air conditioners and liquid chilling packages with evaporatively cooled condenser and with
electrically driven compressors for space cooling - Terms, definitions, test conditions, test methods
and requirements.
This standard is dedicated to evaporatively cooled air conditioners for space cooling having their
condenser cooled by air and by the evaporation of external additional water. Inside dry and wet bulb
temperatures for air conditioners, and chilled water conditions for chillers, are compatible with the
EN14511 standard (i.e. at full load conditions).
This standard defines the water temperature to be used for those tests according to its origin:
- for evaporatively cooled condenser air conditioner with continuous water supply circuit, a single
water temperature of 15 °C is used,
- for evaporatively cooled condenser air conditioner with a water tank, water temperature is set to
35 °C for air-to-air air conditioners.
Air conditioners evaporating the indoor condensates at their condenser are excluded (included in the
EN 14511 standard) since the water has to be “external”, except if they have a water tank that can be
filled in also with external water.
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EN 13215:2000
Full title: - Condensing units for refrigeration - Rating conditions, tolerances and presentation of
manufacturer's performance data.
This standard defines the rating conditions of condensing units. It only applies to condensing units for
refrigeration, and includes positive temperature conditions.
The compressor inlet is 5 °C refrigerant fluid evaporating temperature, with a suction temperature of
20 °C or superheat of 10 K (5 K for ammonia). See table below.
Table 1 - 35 . EN 13215:2000, Table 2, Standard evaporating conditions for condensing unit rating

The reference inlet air temperature for air cooled condensing units is 32 °C.
For water cooled air condensing units, “the water inlet temperature shall be 30 °C and the fouling
factor 5 × 10-5 m2 K/W”. Note that this fooling factor aims at simulating that the heat transfer surface is
not clean and that consequently the performance is decreased as compared to a standard new unit.
This is not in line with the EN14511 standard in which water surfaces heat exchangers are clean.

EN13771-2: 2007
Full title: - Compressor and condensing units for refrigeration. Performance testing and test methods.
Part 2: Condensing units.
This part of EN 13771 is supposed to apply only to condensing units for refrigeration. But testing
methods are also valid for air conditioning condensing units. It describes a number of selected
performance test methods. These methods provide enable the determination of the refrigerating
capacity, of the power absorbed, of the refrigerant mass flow rate and of the coefficient of
performance.
Test methods in heating mode for reversible condensing units are not available.

EN 12102:2008
Full title: Air conditioners, liquid chilling packages, heat pumps and dehumidifiers with electrically
driven compressors for space heating and cooling - Measurement of airbone noise - Determination of
the sound power level
General laws for measuring the sound power level are standardized in ISO standards on noise, ISO
3741, …., ISO 3748. The standard EN 12102 gives specific test conditions that are the reference
rating standard condition of EN14511 standard. Inverter compressors and chillers are covered.
Results are ratings in dB(A). As for the energy rating, noise measurement is done in specific
conditions that are not the ones observed in real life, low fan speed, part load … Nevertheless, the
standard leaves the choice to choose either rating or application conditions that may be a problem to
compare noise of different units. Method and corrections are supplied for ducted units. There is a
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tolerance of 2 dB on the final sound power rating for the application of the labelling directive
2002/31/EC, provisional value while not yet fixed by a regulation. There is no indication for larger
capacity air conditioners nor for chillers.
EN 378:2008
Full title: Refrigerating systems and heat pumps - Safety and environmental requirements
- Part 1: Basic requirements, definitions, classification and selection criteria
- Part 2: Design, construction, testing, marking and documentation
- Part 3: Installation site and personal protection
- Part 4: Operation, maintenance, repair and recovery
The scope includes refrigerating systems and heat pumps (EN14511 products and ab/adsorption
machines). The EN 378 "refrigerating systems and heat pumps – safety and environmental
requirements" standard answers to the requirements of the European Directive on pressure equipment
(97/23/EC), to the European Directive on machinery (98/37/EC modified by 2006/42/EC) and to the
requirements of the regulation 2006/842/EC on fluorinated greenhouse gases. This standard is now
being revised.
This standard applies to the design of refrigerating systems and heat pumps concerning the use of any
refrigerant fluid, toxic, inflammable or not.
EN378:1 gives general definitions and indications concerning the design, installation and recovery of
refrigerant fluids. Annex B (informative) defines the total equivalent warming impact (TEWI), Annex C
(normative) defines the Refrigerant Charge Limitations, Annex E (normative) defines the Safety
classification and information about refrigerants, Annex F (informative) defines the Safety group
classifications.
In annex C, Table C.1 determines refrigerant charge limitations for a given system. In order to
determine the charge limit the system has to be classified according to the four categories:
-

safety group of the refrigerant;

-

occupancy;

-

system category;

-

location of the refrigerating system.

Part C.3 gives the calculation of the maximum charge amount of flammable refrigerants.
The analysis of the table C.1 limitations, the properties of refrigerant (Annex E) and air conditioning
systems to be considered in this study allows to select alternative refrigerants of Annex E for a given
system.
refrigerant

fluid used for heat transfer in a refrigerating system, which absorbs heat at a low temperature and a
low pressure and rejects heat at a higher temperature and a higher pressure usually involving changes
of the state of the fluid
heat-transfer medium

fluid for the transmission of heat usually without any change in its phase (e.g. brine, water, air) or with
a change in its phase at the same pressure (e.g. R744). When fluids listed in Annex E are used they
need to comply with all requirements of refrigerants — even if they are used as a heat transfer
medium
toxicity

ability of a fluid to be harmful or lethal due to acute or chronic exposure by contact, inhalation or
ingestion
NOTE Temporary discomfort that does not impair health is not considered to be harmful.
lower flammability limit (LFL)
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minimum concentration of refrigerant that is capable of propagating a flame within a homogeneous
mixture of refrigerant and air
halocarbon and hydrocarbon

these are:
⎜ CFC: fully-halogenated halocarbon containing only chlorine, fluorine and carbon;
⎜ HCFC: halocarbon containing hydrogen, chlorine, fluorine and carbon;
⎜ HFC: halocarbon containing only hydrogen, fluorine and carbon;
⎜ PFC: fully fluorinated halocarbon containing only fluorine and carbon;
⎜ HC: hydrocarbon containing only hydrogen and carbon
Refrigerants safety group classifications

Classes of refrigerants are defined according to their toxicity, A1 (lower toxicity), B1 (Higher Toxicity)
and flammability Class 1 (No Flame Propagation), Class 2 (Lower Flammability), Class 3 (Higher
Flammability).
Toxicity class A1 (lower toxicity) : refrigerants with a time weighted average concentration not having
an adverse effect on nearly all workers who may be exposed to it day after day for a normal 8-hour
workday and a 40-hour work week whose value is equal to or above 400 ml/m3 (400 ppm by volume)
Class B1 (Higher Toxicity): refrigerants with a time weighted average concentration not having an
adverse effect on nearly all workers who may be exposed to it day after day for a normal 8-hour
workday and a 40-hour workweek whose value is below 400 ml/m3 (400 ppm by volume).
The conditions to classify the flammability regard 3 criteria:
-

flame propagation when tested at 60 °C and 101,3 kPa

-

has a LFL < or ≥ 3,5 Vol% (the lower the more flammable)

-

has a heat of combustion that is < or ≥ 19 000 kJ/kg (the higher the more flammable)

Specific provisions are given for refrigerant blends.
These leads to the following categories:
Table 1 - 36 . Safety group classification system

Occupancies

General occupancy — Class A. A location where people may sleep or where the number of people
present is not controlled or to which any person has access without being personally acquainted with
the personal safety precautions.
EXAMPLES hospitals, prisons, nursing homes, theatres, supermarkets, transport termini, hotels,
lecture halls, dwellings, restaurants, ice rinks
Supervised occupancy — Class B. Rooms, parts of buildings or buildings, where only a limited number
of people may be assembled, some of them being necessarily acquainted with the general safety
precautions.
EXAMPLES laboratories, places for general manufacturing, office buildings
Occupancy with authorised access only — Class C. An occupancy which is not open to the public and
where only authorised persons are granted access. Authorised persons shall be acquainted with
general safety precautions of the establishment (e.g. industrial production facilities).
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EXAMPLES cold stores, refineries, abattoirs, non-public areas in supermarkets, manufacturing
facilities e.g. for chemicals, food, ice and ice cream
More than one category of occupancy
Where there is the possibility of more than one category of occupancy, the more stringent
requirements apply. If occupancies are isolated, e.g. by sealed partitions, floors and ceilings, then the
requirements of the individual category of occupancy apply.
NOTE Attention is drawn to the safety of adjacent premises and occupants in areas adjacent to a
refrigerating system.
Refrigerating system categories

Direct system : the evaporator or condenser of the refrigerating system is in direct contact with the air
or the substance to be cooled or heated. Systems in which a secondary coolant is in direct contact
with the air or the goods to be cooled or heated (spray or ducted systems) shall be treated as direct
systems. Examples of such systems are given in the standard. All systems based on air to air and
water to air cooling generators mentioned previously are in this category.
Indirect systems : the evaporator cools or the condenser heats the heat-transfer medium which passes
through a closed circuit containing heat exchangers that are in direct contact with the substance to be
treated. Examples of such systems are given in the standard. All systems based on air to water and
water to water cooling generators mentioned previously are in this category.
Location of the refrigerating system

The three types of location are:
a) refrigerating system located in an occupied space;
b) refrigerating system with the compressors, liquid receivers and condensors located in an
unoccupied machinery
room (see EN 378-3:2008, 5.2) or in the open air;
c) refrigerating system with all refrigerant containing parts located in an unoccupied machinery room
(see EN 378-3:2008, 5.2) or in the open air.
EN378:2 defines the design, construction, testing, marking and documentation. The following annexes
explain the link between the EU directives applying to these products and the EN378 standard.
-

Annex ZA (informative) Relationship between this European Standard and the Essential
Requirements of EU Directive 97/23/EC on pressure equipment

-

Annex ZB (informative) Relationship between this European Standard and the Essential
Requirements of EU Directive 98/37/EC on machinery

-

Annex ZC (informative) Relationship between this European Standard and the Essential
Requirements of EU Directive 2006/42/EC on machinery (amended)

EN378:3 deals with installation site and personal protection.
EN378:4 deals with operation, maintenance, repair and recovery of refrigerant fluid. All refrigerants
shall be recovered for reuse, recycled or reclaimed for reuse, or shall be disposed of as defined in the
standard.
A performance criteria for fluid recovery is defined: the recovery equipment shall at a corresponding
temperature of 20 °C be able to operate down to a final pressure of 0,3 bar absolute.
2.3.3.

Air Handling Units (AHU)

EN 13053:2006
Full title: Ventilation for buildings - Air handling units - Rating and performance for units, components
and sections
This European Standard specifies requirements and testing for ratings and performance of air
handling units as a whole. It also specifies requirements, recommendations, classification, and testing
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of specific components and sections of air handling units.
Part 5 of this standard provides with the ratings and performance of the entire unit regard the air flow
rate, the total external pressure, the power consumption of the fan and the acoustic performance ; this
part is reported in the ventilation systems report.
Part 6 gives design guidance on the individual sections of the air handling unit. The casing, the fan
section, the heat recovery, the filter and the sound attenuator sections are adressed in the ventilation
systems report. Coils, damper, mixing sections and humidification are adressed here.
Coils design requirements regard practical design requirements to ensure healthy operating and good
maintenance conditions. Testing of the coil is done according to the EN 1216 standard.
There is no specific definitions relating to air conditioners integrated in AHUs.
Dampers
Air regulating and shut-off dampers shall be tested and classified according to EN 1751. The face
velocity shall be limited to 8 m.s-1 (exception: recirculation air and bypass dampers).
For all dampers which are intended to be closed completely during operation, e.g. bypass dampers for
heat recovery sections and recirculation dampers for mixing section, the air tightness for the damper in
a closed position shall meet the air tightness requirement of class 2 in accordance with EN 1751. For
installations with high requirements for hygiene or energy economy, supply air and exhaust dampers
shall meet the air tightness requirement of class 3.
Mixing section
Two categories are defined regarding miwing sections : category A – on-off section, operating only in
certain conditions (e.g. night heating) and category B – sections for flow control. For category B mixing
sections, a mixing efficiency is defined (it characterizes the non homogeneity of the air after the mixing
section) as well as the range of uniformity of flow that defines the air speed differences across a
section after the mixing section.
Humidifiers
Humidifiers are categorised according to type of construction as follows:
-

spray humidifiers
o

A: air washers

o

B: ultrasonic humidifiers

o

C: high-pressure atomisers

-

evaporative humidifiers: D: contact humidifiers

-

steam humidifiers: E

Design requirements are specified depending on the humidifier type.
A humidification efficiency is defined as well as the test method.
EN 1216: 1998
Full title: Heat exchangers – Forced circulation air-cooling and air-heating coils – Test procedures for
establishing the performance

This standards applies to chilled water cooling coils (and also to refrigerant cooling coils).
It specifies how to ascertain in standard rating conditions:
-

The product identification

-

The capacity (latent and sensible)

-

Th air side pressure drop
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-

The fluid side pressure drop

Forced-circulation air-cooling coil or air-heating coil

A tubular heat exchanger, with or without extended surfaces, for use in an air flow, circulated by fans
Forced-circulation air-cooling coil

An air-cooling coil thorough which a cooling fluid is circulated for the purpose of the sensible cooling,
or sensible cooling and dehumidification of a forced-circulation air flow, including all components
necessary for the distribution and collection of fluid.
The standard conditions for comparison purpose are given in the table 1 of the standard reported
below. In cooling mode, it corresponds to the standard rating conditions of chillers for chilled water
cooling coils and to the conditions of air to air machines for refrigerant to air cooling coils.
Table 1 - 37 . Standard conditions for cooling coil testing

2.3.4.

Terminal units

EN 1397:1998
Full title: Heat exchangers - Hydronic room fan coil units - Test procedures for establishing the
performance
This standards applies to units with an air flow lower than 0.7 m3/s and an external static pressure
lower than 65 pa.
It specifies how to ascertain in standard rating conditions:
-

the product identification,

-

the performance on condensation on the casing,

-

the capacity (latent and sensible),

-

the performance on condensate disposal,

-

the air side pressure drop,

-

the liquid side pressure drop,

-

the air volume flow rate,

-

the sound power level.

Room fan coil unit

A factory-made assembly which provides one or more of the functions of forced circulation of air,
heating, cooling, dehumidification and filtering of air, but which does not include the source of cooling
or heating. This device is normally designed for free intake of air from a room and delivery of air into
the same room, but may applied with minimum ductwork. This device may be designed for built in
application, or with and enclosure for application within the conditioned space.
The principal components are:
-

one or more heat exchanger,
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-

one or more fans with drive mechanism,

-

a common casing,

-

on air filtering device.

NOTE These parts may be complemented by:
-

an air mixing device,

-

safety devices,

-

control devices,

-

a condensate collecting device.

The standard conditions for capacity comparison purpose are given in the table 1 of the standard
reported below. In cooling mode, the water temperature corresponds to the standard rating conditions
of chillers and air temperatures indoor are similar to the indoor air conditions of air conditioning
equipment as specified in the standard EN 14511. It is to be noted that the fan speed setting should
be the maximum.
Table 1 - 38 . Standard conditions for capacity of fan coil units

In addition ot the capacity test, several tests are defined:
-

Air flow rate (at the same fan speed as for the rating conditions): this test is performed without
water in the coils.

-

Sweat and condensate disposal test: the sweat test ensures there is not any condesantion of
water on the casing and water dripping from or being blown off the fan coil ; condensate disposal
test enables to check the constant disposal of condensing water ; for both tests, the minimum
speed is used ; the water temperature regime is 6 °C – 10 °C with 27 °C dry bulb inlet and 24 °C
wet bulb.

-

Sound pressure level test (at the same fan speed as for the rating conditions)

EN 14240:2004
Full title: Ventilation for buildings — Chilled ceilings — Testing and rating
This European Standard specifies test conditions and methods for the determination of the cooling
capacity of chilled ceilings and other extended chilled surfaces.
NOTE The result is valid only for the specified test set up. For other conditions (i.e. different positions of heat
loads, forced flow around the test object, variations in surface area) the producer should give guidance based on
full scale tests.
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chilled surfaces

surfaces that are part of the room periphery (such as ceiling, walls and floor) and cooled with water
test room

room in which the test object is mounted (specified in the standard)
room air temperature (θa)

air temperature measured with radiation shielded sensor
globe temperature (θg)

dry resultant temperature of the room, measured with a temperature sensor placed in the centre of the
globe as in 4.3
reference room temperature (θr)

average of the measured globe temperature, measured in the middle of the room at a height of 1,1 m
above the floor, during the test period
cooling water flow rate (qw)

average of the measured water flow rate during the test period
cooling water inlet temperature (qw1)

average of the measured water temperature into the test object during the test period
cooling water outlet temperature (qw2)

average of the measured water temperature out of the test object during the test period
mean cooling water temperature (qw)

the mean value of the sum of the cooling water inlet and outlet temperatures
temperature difference (Δq)

difference between reference room temperature and mean cooling water temperature [Δθ=θr-θw]
active area (Aa)

reference area to calculate the specific cooling capacity of the test object (see figure below)

cooling capacity (P)

total cooling capacity of the test object calculated from the measured cooling water flow rate and the
cooling water temperature rise
specific cooling capacity of a chilled surface (Pa)

cooling capacity divided by the active area of the chilled surface
nominal temperature difference (ΔqN)

temperature difference between the reference room temperature and the mean cooling water
temperature
nominal cooling water flow rate (qwN)

flow rate that gives a cooling water temperature rise of (2 ± 0,2) K at the nominal temperature
difference of 8 K
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nominal cooling capacity (PN)

cooling capacity calculated from the curve of best fit for the nominal cooling water flow rate at the
nominal temperature difference (ΔθN)
The cooling capacity of the test object shall be determined from measurements of the cooling water
flow rate, and the cooling water temperature rise, under steady state conditions. The cooling capacity
shall be presented as a function of the temperature difference between the reference room
temperature and the mean cooling water temperature.
Measurements shall be carried out in steady state conditions for each water flow rate with at least 3
different temperature differences (Δθ); e.g. (6 ± 1) K, (8 ± 1) K, (10 ± 1) K.
At least one test series, as above, shall be carried out at the nominal water flow rate. The reference
room temperature shall be between 22 °C and 27 °C. The cooling water inlet temperature shall be at
least 2 K higher than the dew point temperature of the test room air.
The nominal cooling capacity of the test subject should be at least 35 W/m² at a temperature
difference of 8 K.
The specific cooling capacity of ceiling cooling panels shall be calculated from the equation:

With :

where k is a characteristic constant
and n is the exponent
Figure 1 - 26 . Typical example of measurements and results for chilled ceilings

EN 14518:2005
Full title: Ventilation for buildings - Chilled beams - Testing and rating of passive chilled beams
This European Standard specifies test conditions and methods for the determination of the cooling
capacity of chilled beams or other similar systems with free convection, i.e. without forced air flow.
Also included is the method to determine local air velocity and temperature below the beam.
chilled beam
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convector cooled with water and mounted under the ceiling of the test room with suspended ceiling
cooling length (L) of a chilled beam

active length of the cooling section
total length (Lt) of a chilled beam

total installed length of the cooling section including casing
The test procedure and presentation of results is identical as for chilled radiative surface, with the
change in the specific capacity which is expressed by active area for radiant surfaces and by cooling
length for chilled beams.
Figure 1 - 27 . Typical example of measurements and results for passive chilled beams

With: X Temperature difference Δθ in K, Y1 Total cooling capacity P in W, Y2 Specific cooling capacity
PLN in W/m
EN 15116:2008
Full title: Ventilation in buildings - Chilled beams - Testing and rating of active chilled beams
This European Standard specifies methods for measuring the cooling capacity of chilled beams with
forced air flow. The evaluation of aerodynamic air performance is not part of this standard. It will be
dealt with in the future in a new standard entitled "Air terminal devices - Aerodynamic testing and
rating for mixed flow applications for non isothermal testing - Cold jets" (indicated as a project of the
CEN TC 156). The testing chamber is the same as for radiative surfaces and passive chilled beams.
active chilled beam

convector with integrated air supply where the induced air only passes through the cooling coil(s). The
cooling medium in the coil is water
NOTE For the purpose of this standard primary air does not pass through the cooling coil.
water side cooling capacity (Pw)

cooling capacity of the test object calculated from the measured cooling water flow rate and the
cooling water temperature rise Pw=cp qm (θw2 - θw1)
primary air flow rate (qp)

airflow supplied to the test object through a duct from outside of the test room or with primary air fan
and ducting inside the test room
induced air flow rate (qi)

secondary airflow from the test room induced into the test object by the primary air
exhaust air flow rate (qe)

airflow discharged from the test room or return air if the primary air fan is located in the test room. The
exhaust air flow rate is the same as the primary air flow rate
primary air pressure drop (Δpa)
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pressure drop across induction nozzle plus discharge loss
cooling water flow rate (qw)

the average of the measured water flow rates during the test period
nominal temperature difference (ΔθN)

nominal temperature difference (8 K) between the reference air temperature and the mean cooling
water temperature (ΔθN=θr - θw=8 K)
primary air temperature difference (Δθp)

temperature difference between the reference air temperature and the primary air temperature
primary air cooling capacity (Pa)

cooling capacity calculated from the primary air flow rate and primary air temperature difference
Pa= cp qp ρp (θr - θp)
specific cooling capacity per unit length (PL)

water side cooling capacity divided by the (active) cooling section length
specific cooling capacity (PK)

cooling capacity divided by the difference between reference air temperature and mean cooling water
temperature, Δθ=θr - θw raised to the exponent m i.e. PK = Pw/Δθm
nominal cooling capacity (PN) or nominal specific cooling capacity (PLN)

water side cooling capacity calculated from the curve of best fit for the nominal cooling water flow rate
at nominal temperature difference (ΔθN = 8 K) and at nominal air flow rate
The testing procedure is similar to the one of passive chilled beams except the primary air flow is
varied and not only the temperature difference.
The measurements shall be carried out in steady state conditions with at least three different Δθ = ( 6,
8, 10 K) ± 1 K, driving the test sample with the nominal primary air flow rate, according to the
manufacturers recommendations. Varying the primary air flow rate at nominal Δθ = 8 K, qp= (0,8 ×
qpN, qpN , 1,2 × qpN ) ± 5 %, will determine the influence of primary air on thermal performance. These
tests are necessary for each water flow rate. The nominal cooling capacity of the test object shall be at
least 15 W/m2 floor area.
The cooling capacity shall be plotted in diagrams as functions of the temperature difference Δθ and
the primary air flow rate. Curves of best fit shall be drawn through the plotted points. The curves are
expected to be of the form:

or:
Figure 1 - 28 . Typical example of measurements and results for chilled ceilings
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Y = waterside cooling capacity Pw in W
X = reference air temperature – Mean water
temperature Δθ in K
1 = nominal water flow rate
2 = 0,5 x nominal water flow rate

Y = specific cooling capacity Pk W K-1
X = primary air flow rate qp l(litre) s-1
3 = nominal water flow rate
4 = 0,5 x nominal water flow rate

EN 1264:2009
Full title: Floor heating - Systems and components
Part 1: Definitions and symbols
Part 2: Prove methods for the determination of the thermal output using calculation and test methods
Part 3: Dimensioning
Part 4: Installation
Part 5: Heating and cooling surfaces embedded in floors, ceilings and walls - Determination of the
thermal output
Part 2
This part gives the general shape of the characteristic curve:
with:
q the specific power density
K a constant representative of the conductance for the specific construction
: the mean temperature difference between the standard room temperature and the average
water temperature of the water embedded surface
N a coefficient close to 1 issued from experience.
Default calculation methods for standard constructions are explained, as well as a number of
correction coefficients to determine K. For non standard conditions, a test method is specified.
Interestingly, this standard goes well beyond what can generally found in test standards as it also
defines qualification of laboratory to performe the test, including round robin test requirements,
tolerances on the product itself and on the testing laboratories, the validation of software in order to
avoid the test of all possible construction combinations. This is certainly one example to build on for
other products as for instance cooling generators for which a large number of variables may influence
the performance.
Part 5
This part explains how to correct the rated output of the system to account for supplementary surface
resistances. Default values are given for a number of systems and reported below.

Figure 1 - 29 . Example of caracteristic performance curves for cooling surfaces and of resistance
correction accounting for the installation, EN1264-5:2009 – Annex A.
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EN 15377-1:2008
Full title: Heating systems in buildings - Design of embedded water based surface heating and
cooling systems
Part 1: Determination of the design heating and cooling capacity
Part 3: Optimising for use of renewable energy sources
Nota: EN1264 parts 3 and 4 superseded EN15377 part 2.
Scope
This is an EPBD standard (TC 228). This standard specifies procedures and conditions to enable the
heat flow in water based surface heating and cooling systems to be determined relative to the medium
differential temperature for systems.
This European Standard is applicable to water based surface heating and cooling systems in
residential, commercial and industrial buildings. The methods apply to systems integrated into the wall,
floor or ceiling construction without any open air gaps. The methods do not apply to heated or chilled
ceiling panels or beams.
This European Standard provides steady-state calculation methods for determination of the heating
and cooling capacity (part 1). This European Standard estimates an equivalent system resistance to
be used in dynamic building simulation programs. This European Standard applies also, as
appropriate, to the use of other fluids instead of water.
A separate standard provides a method and guidance on how to optimise the design for use of
renewable energy sources and take system dynamic effects into account (part 3).
Part 1
The part 1 standard gives simplified methods to calculate the heating or cooling capacity of embedded
heating or cooling surfaces for predefined construction types. Whether the specific surface type is not
described in the standard, it is possible to use finite element methods or a simplified method combined
with tests as developed in the product test standard EN1264.
Basic characteristic curves are defined as follows:
•

floor heating and ceiling cooling q = 8,92 (⎮θS,m - θi⎮)1,1 (W/m2)

•

Wall heating and wall cooling q = 8 (⎮θs,m - θi ⎮) (W/m2)

•

Ceiling heating q = 6 (⎮θs,m - θi ⎮) (W/m2)

•

Floor cooling Floor cooling: q = 7 (⎮θs,m - θi ⎮) (W/m2)

where

98

θS,m is the average surface temperature in °C;
θi is the nominal indoor operative temperature in °C.
This is computed for no difference between the inlet and outlet temperature of the water pipes. A
correction is supplied to take this difference into account. Regarding cooling, the design heat flow
intensity is limited on one side by the fact that water should not condensate on the surface so that the
inlet cooling water temperature should not be lower than the dew point, and one the other side by the
design indoor operative temperature, not higher than 26 °C. For a 18 °C humid air dew point
temperature and design at 26 °C indoor, this leads to a maximum cooling density of (26-19)1,1 * 8,92 =
75,9 W/m2.
It is also indicated that it can be considered that 5.5 W/m2/K of it is radiative heat tranfer (for standard
average water temperature between 15 and 30 °C) and the remaining part convective, then likely to
vary with indoor velocity on the surface.
For comfort reasons, indicative minimum water temperatures are also prescribed, 20 °C for sedentary
activity and 18 °C in spaces with higher activity levels.
Part 3
The part 3 of the standard gives methods to size embedded surfaces to take into account their inertia
in order to shave peak cooling or heating requirements. A rough design method for concrete
embedded surface advises a 70 % default sizing of the cooling capacity which is compensated by
cooling operation beginning earlier in the day (load to be computed with with an indoor operative
temperature of 24 °C). More precise methods are also given.
2.3.5.

Heat rejection units

EN 1048:1998
Full title: Heat exchangers - Air-cooled liquid coolers "dry coolers" - Test procedure for establishing
the performance
This European standards applies to remote forced convection air cooled liquid coolers, within which no
change in the liquid phase occurs. Its purpose is to ascertain:
-

Product identification

-

Capacity/ Air flow rate

-

Liquid side pressure drop

-

Energy requirements

Forced convection air cooler or “dry cooler”

A self contained system which cools a single phase liquid by rejecting sensible heat via a heat
exchanger to air that is mechanically circulated by integral fan(s).
Inlet temperature difference

Difference between the liquid inlet temperature and air inlet temperature of the dry cooler.
Liquid temperature difference

Difference between the liquid inlet and liquid outlet temperatures of the dry cooler
The standard rating conditions are defined as follows:
-

Water inlet temperature of 25 °C

-

Inlet temperature difference of 15 K (the inlet temperature of the air is of 10 °C)

-

A liquid temperature difference of 5 K

-

Air properties corrected to standard atmosphere.

99

The capacity is measured on the liquid side. It depends on the inlet air and liquid temperature
difference, the mass flow of air and liquid, the type of liquid and its temperature, the mounting of the
unit. Duplicate tests are performed around the standard rating conditions in order to ensure the
accuracy of the resulting capacity.
A specific air flow test is performed.
The test results should include the capacity, electric power input of the fan motor, the air flow, the
liquid pressure drop and information on the geometry.
EN 14705:2005
Full title: Heat exchangers - Method of measurement and evaluation of thermal performances of wet
cooling towers
This European Standard specifies requirements, test methods and acceptance tests for thermal
performances pumping head verification of wet cooling towers and plume abatement for wet/dry
cooling towers. This European Standard is applicable to natural draught wet cooling towers (see in
3.1.2.2) fan assisted natural draught cooling tower (see 3.1.2.3), wet/dry cooling towers (see 3.1.2.4)
and "Mechanical draught cooling towers", except series ones.
Thus it only applies to:
non series type mechanical draught wet cooling tower

mechanical draught wet cooling tower, the design of which is project dependent and for which the
performance data and test evaluation at specific operating conditions may be subject to agreement
EN 13741:2003
Full title: Thermal performance acceptance testing of mechanical draught series wet cooling towers
This European Standard specifies requirements, test method and acceptance tests for thermal
performance of mechanical draught series cooling towers. This European Standard is applicable to
series type wet cooling towers.
Definitions
air flow rate
total amount of dry air and associated water vapour moving through the cooling tower
approach
difference between cold water temperature and the inlet wet bulb temperature
approach deviation
deviation between the design approach and the measured (adjusted) approach
barometric pressure
atmospheric pressure at the test site
basin
open structure located beneath the cooling tower for collecting the circulating water and directing it to
the sump or suction line of the circulating pump
basin curb
top elevation of the tower basin usually the datum from which the tower elevations are measured.
blow-down
water discharged from the system to control the concentration of salts or other impurities in the
circulating water
cell
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smallest subdivision of the tower, bounded by exterior walls and partition walls , which can function as
an independent unit Each cell may have one or more fans or stacks and one or more distribution
systems
cold water temperature
average temperature of the water entering or leaving the tower basin In the case where the
measurement is downstream of the basin or the pump, corrections are needed for the effects of the
pump, and any other make up water blow down or heat sources entering the basin
cooling range
difference between the temperature of the water entering the distribution system and the cold water
temperature
cooling tower
apparatus in which water is cooled down by heat exchange with ambient air
drift eliminator
the assemblies downstream of the heat transfer media, which serve to reduce the drift loss
drift loss
portion of the water flow rate lost from the tower in form of fine droplets mechanically entrained in the
discharge air stream, commonly expressed as mass per unit time or a percentage of the circulating
water flow rate. It is independent by water lost from evaporation
fan power
power consumed by the fan driver, including the indication whether the efficiency of the driver is
included or not
make up
water added to the system to replace the water lost by evaporation, drift blowdown and leakage
mechanical draught cooling tower
cooling tower where the air circulation is produced by a fan. May further be categorized as either:
-

forced draught: the fan is located in the entering air stream

-

induced draught: the fan is located in the discharge air stream

non series type wet cooling tower
wet cooling tower, the design of which is project dependent, and for which the performance data and
test evaluation at specific operating conditions may be subject to agreement
open circuit (wet) cooling tower
cooling tower wherein the process fluid is warm water which is cooled by the transfer of mass and
heat through direct contact with atmospheric air
pump head
sum of static head and dynamic head from the contractual interface to the discharge of the distribution
system to the atmosphere
series type wet cooling tower
wet cooling tower, the design of which is fixed and described in the manufacturer’s catalogue and for
which the performance data are available, which allows test evaluation over a defined range of
operating conditions
water flow rate
quantity of warm water flowing into the open cooling tower
water loading
water quantity expressed as quantity per unit of fill plan area of the tower
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Performance testing
In order to measure on site the performance declared by the manufacturer (guaranteed performance),
manufacturers should present performance curves that allow to check the adequacy of the measured
performances with the declared performances.
Consequently, manufacturers are to present performance curves including the parameters that affect
the cooling performance of the cooling tower : performance curves shall be submitted in a way that
they describe the relation between the cold water temperature (tc) and wet bulb temperature (tw) for a
variation of water flow (m), of range (z) and fan power (FP).
The variations around the « guaranteed performances » are defined for these parameters as follows :

This standard does not give standard or reference values to evaluate the standard cooling capacity as
is done for other products. An example of performance curve is given below. It enables to read the
cold temperature variation for a variation of the temperature and flow variations.
Figure 1 - 30 . Example of performance curve of open cooling tower (EN 13741 :2003, Annex B, Figure B.1)

x cold water temperature tc
y wet bulb temperature tw (°C)
Performance curve with example to find the change of the cold water temperature tc due to changes
of the influencing factor "wet bulb temperature" tw.
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Water consumption
There is no provision for the measurement of water consumption.
2.3.6.

Control

EN ISO 16484
Full title: Building automation and control systems (BACS)
Part 1: Overview and Vocabulary (PrEN 2009)
Part 2: Hardware (2005)
Part 3: Functions (2007)
Part 4: Applications (No draft available)
Part 5: Data communication - Protocol (2010)
Part 6: Data communication - Conformance testing (2009)
Part 7: Project specification and implementation (No draft available)
The most interesting part for this study should be part 4. It will specify the requirements for specific
communicating applications/devices, e.g. for general room automation and for sophisticated
optimization of controls for heating, fan coil and induction units, CAV, VAV and radiant cooling.
Part 2: Hardware (refer to the scope of this part)
Part 2 of the standard specifies the requirements for the hardware to perform the tasks within a BACS.
Part 3: Functions
Part 3 of this standard specifies the requirements for the overall functionality and engineering services
to achieve building automation and control systems
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Part 4: Applications
Part 4 of this standard specifies the requirements for specific communicating applications/devices, e.g.
for general room automation and for sophisticated optimization of controls for heating, fan coil and
induction units, CAV, VAV and radiant cooling.
Part 5: Data Communication – Protocol
Part 5 of this standard specifies data communication services and objects for computer equipment and
controllers used for monitoring and control of HVAC&R and other systems of building services.
Part 6: Data Communication – Conformance testing
Part 6 of the standard specifies the technical requirements of the conformance test suite and the
methods for testing the products for the conformance with the protocol. It provides a comprehensive
set of procedures for verifying the correct implementation of each capability claimed on a BACS
network protocol implementation conformance statement (PICS).
Part 7: Project specification and implementation
Part 7 of this standard specifies methods for project specification and implementation of BACS and for
integration of other systems into the BACS.
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2.2.

SUBTASK 1.2.2 - STANDARDS AT MEMBER STATE LEVEL

Most countries adopt the European standards. Some of the standards may have national appendices
to explicit default values required in the standards but when this is the case, this has been developed
when describing the European standards.
No national Member State standard has been indicated as useful for this study by stakeholders except
for standards relating to national building codes. In that case, these standards are addressed in the
subtask 1.3 of this report.
For cooling generators, and particularly in the heating mode, one could ask why different Member
States with different climates have the same rating standards. Fortunately, the rating standards are
European (and sometimes international) so that performances can be compared and the same
product can be sold in any of the EU countries.
This is true for design or rating conditions. When speaking of a kW cooling for air conditioners in
Europe, people refer implicitely to a common reference, in that case EN14511. The same should apply
soon for reference SEER and SCOP that are common to Europe. These seasonal performance
indications will be better than a full load one but still correspond to a single average load curve ; this is
better to compare several units on a common ground but still is not adapted to compute the energy
consumption of a product installed in a given climate/building to accurately estimate its annual energy
consumption, which is required for the EPBD.
In that matter, manufacturers are sometimes able to supply building designers with adequate
performance maps (not just for one specific load curve).
A standardization effort could be to harmonize the data demanded to manufacturers for
cooling/heating generators in this study, taking into account the needs of the Member States. Such an
effort would greatly help the enforcement of the EPBD throughout Europe, also ensuring a better
harmonization of calculation methods for these equipment.

2.3.

SUBTASK 1.2.3 - THIRD COUNTRY STANDARDS

This part aims at developing two main types of standards:
-

International standards or regional standards (region is to be undertood here as a zone of the
world, North America or Asia for instance) that are required for the correct interpretation of
regional legislation in subtask 1.3.3

-

International of regional standards that are of interest for Europe as they could be used for Europe
in case a standard is missing.

The international standards that have been indicated useful by stakeholders are reported.
Table 1 - 39 . Overview of third country test standards for air Conditioning systems
Purpose of
the standard

Description of the standard
Cooling generators

Rating and
performance

International
ISO 5151, 2010, Non-ducted air conditioners and heat pumps — Testing
and rating for performance.
ISO 13253, 1995, Ducted air-conditioners and air-to-air heat pumps —
Testing and rating for performance.
ISO 13256,1998, Water-source heat pumps — Testing and rating for
performance
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USA (Canada also if CSA is indicated)
ANSI/AHRI 210/240-2008: Performance Rating of Unitary Air-Conditioning &
Air-Source Heat Pump Equipment
ANSI/AHRI 340/360-2007: Performance Rating of Commercial and Industrial
Unitary Air-Conditioning and Heat Pump Equipment
ANSI/AHRI 390-2003: Performance Rating of Single Package Vertical AirConditioners and Heat Pumps
AHRI 550/590-2003: Performance Rating of Water Chilling Packages Using
the Vapor Compression Cycle
ANSI/AHRI 560-2000: Absorption Water Chilling and Water Heating
Packages
AHRI 1230 - 2010: Performance Rating of Variable Refrigerant Flow (VRF)
Multi-Split Air-Conditioning and Heat Pump Equipment
ANSI/ARI STANDARD 520-2004: Performance rating of positive
displacement condensing units
ANSI/AHRI STANDARD 366 (SI)-2009: Performance rating of commercial
and industrial unitary air-conditioning condensing units
Japan
Standards JRA: 4046 (JRA, 2004) - “Calculating method of annual power
consumption for room air conditioners” and JRA: 4048 (JRA, 2006) - “Annual
Performance Factor of Package Air Conditioners”

Terminal units
There are no third country test standards for terminal units.
Heat rejection
Rating and
performance

USA
CTI standard ATC-105 (2000) – Acceptance test for water cooling towers
CTI STD 201 (2000) - Standard for Thermal Performance Certification of
Evaporative Heat Rejection Equipment

ISO 5151, 2010: Non-ducted air conditioners and heat pumps — Testing and rating for
performance.
Scope
The ISO 5151 scope covers non ducted air conditioners, air cooled or water cooled, reversible or not.
The ISO/TC86/SC6 prepared a draft for a multi-split test standard - ISO 15042-2005 – Multiple splitsystem air-conditioners and air-to-air heat pumps — Testing and rating for performance that is not a
full test standard yet. Its content is in line with the multi-split development of the European standard
EN 14511. Part-load conditions are not tested.
Test procedure and conditions
The ISO 5151 test procedure consists of a series of cooling and heating (for reversible units only)
tests. They are the same in the EN14511 standard and are described there. The standard test
conditions for the cooling capacity test are shown in the next table.
Table 1 - 40 . ISO 5151, Test conditions for the determination of cooling capacity

Parameter

Standard test conditions
T1
T2
T3
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Temperature of air entering indoor side (°C)
27
21
29
dry‐bulb
19
15
19
wet‐bulb
Temperature of air entering outdoor side (°C)
35
27
46
dry‐bulb
24
19
24
wet‐bulb1)
2)
Condenser water temperature (°C)
30
22
30
inlet
35
27
35
outlet
T1 = Standard cooling capacity rating conditions for moderate climates
T2 = Standard cooling capacity rating conditions for cool climates
T3 = Standard cooling capacity rating conditions for hot climates
1) The wet‐bulb temperature is not required when testing air‐cooled condensers which do not
evaporate the condensate.
2) Representative of equipment working with cooling towers. For equipment designed for other uses,
the manufacturer shall designate the condenser water inlet and outlet temperatures or the water flow
rates and the inlet temperature in the ratings
In the 1994 standard, the heating capacity of reversible air conditioners must be tested at a minimum
of the high and low heating conditions whether a unit cannot operate at the extra-low test condition
and in the three test conditions otherwise. In 2005, only the H1 condition appears mandatory.
Table 1 - 41 . ISO 5151, Test conditions for the determination of heating capacity

Parameter

Standard test conditions

Temperature of air entering indoor side (°C)
dry‐bulb
wet‐bulb (maximum)
Temperature of air entering outdoor side (high) (°C)
dry‐bulb
wet‐bulb
Temperature of air entering outdoor side (low) (°C)
dry‐bulb
wet‐bulb
Temperature of air entering outdoor side (extra low) (°C)
dry‐bulb
wet‐bulb

20±1(0.3)
15±0.5(0.2)
H1
7±1(0.3)
6±0.5(0.2)
H2
2±1(0.3)
1±0.5(0.2)
H3
‐7±1(0.3)
‐8±0.5(0.2)

Rating
Variables required to be measured, determined or declared are:
- Climate classification types
- Total cooling capacities (sensible, latent and total, rounded to the nearest 0.1 kW)
- EER (expressed in multiples of 0.05)
- Heating capacity (as appropriate, rounded to the nearest 0.1 kW)
- COP (only applicable to reversible units operating in the heating-mode and expressed in multiples of
0.05)
- Rated voltages and frequencies
- Cooling power consumption
- Refrigerant designation and refrigerant mass charge
There is no constraint imposed over the maximum permissible uncertainty in the declared cooling and
heating capacities. The electrical power must be measured within a maximum uncertainty of ±0.5%.
ISO 13253, 1995: Ducted air-conditioners and air-to-air heat pumps — Testing and rating for
performance
Scope
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This standard complements the ISO 5151 standard for ducted units.
Test conditions
The test conditions are the same but the efficiency is corrected for its higher external pressure so that
efficiency results may be comparable with the ones of not ducted units. In the 2005 DIS version, a
table of minimum external static pressure as a function of flow rate is introduced. This enables to
improve the performance comparison between ducted units. This table is presented in the EN14511
stadard description.
ISO 13256, 1998; Water-source heat pumps — Testing and rating for performance
This standard is devided into two parts:
- Part 1 regards water-to-air and brine-to-air heat pumps
- Part 2 regards water-to-water and brine-to-water heat pumps
Definitions
water-to-air heat pump and/or brine-to-air heat pump
heat pump which consists of one or more factory-made assemblies which normally include an indoor
conditioning coil with air-moving means, compressor(s), and refrigerant-to-water or refrigerant-to-brine
heat exchanger(s), including means to provide both cooling and heating, cooling-only, or heating-only
functions
water-loop heat pump application
water-to-air heat pump using liquid circulating in a common piping loop functioning as a heat
source/heat sink
NOTE — The temperature of the liquid loop is usually mechanically controlled within a temperature range of 15
°C to 40 °C.

ground-water heat pump application
water-to-air heat pump using water pumped from a well, lake or stream functioning as a heat
source/heat sink
NOTE — The temperature of the water is related to the climatic conditions and may vary from 5 °C to 25 °C for
deep wells.

ground-loop heat pump application
brine-to-air heat pump using a brine solution circulating through a subsurface piping loop functioning
as a heat source/heat sink
NOTES
1 The heat exchange loop may be placed in horizontal trenches or vertical bores, or be submerged in a body of
surface water.
2 The temperature of the brine is related to the climatic conditions and may vary from -5 °C to 40 °C.

Scope
This part of ISO 13256 establishes performance testing and rating criteria for factory-made residential,
commercial and industrial, electrically-driven, mechanical-compression type, water-to-air, brine-to-air,
water-to-water and brine-to-water heat pumps. The requirements for testing and rating contained in
this part of ISO 13256 are based on the use of matched assemblies.
Test conditions
The test conditions are reported in the table hereunder. The standard uses net thermal capacities and
effective power input as in EN14511. However, the temperature difference across liquid heat
exchanger is not fixed so that measurement with this standard are not directly comparable to the ones
obtained with the EN14511 standard, even for comparable inlet liquid temperatures. Part load
performances are defined (part load with the same inlet source and sink temperatures) but not used in
practice.
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Table 1 - 42 . ISO 13256, Test conditions for the determination of the heating and cooling capacities

Liquid‐to‐air, cooling mode

Water‐loop heat
pumps

Ground‐water heat
pumps

Ground‐loop heat
pumps

Air entering indoor side
— dry bulb, °C
— wet bulb, °C

27
19

27
19

27
19

Standand rating test
Liquid entering heat exchanger, °C

30

15

25

Liquid‐to‐air, heating mode

Water‐loop heat
pumps

Ground‐water heat
pumps

Ground‐loop heat
pumps

Air entering indoor side
— dry bulb, °C
— wet bulb, °C

20
15

20
15

20
15

Standand rating test
Liquid entering heat exchanger, °C

20

10

0

Liquid‐to‐water, cooling mode

Water‐loop heat
pumps

Ground‐water heat
pumps

Ground‐loop heat
pumps

Liquid entering indoor side
Air surrounding unit, dry bulb

12 °C
15 °C to 30 °C

12 °C
15 °C to 30 °C

12 °C
15 °C to 30 °C

Standard rating test
Liquid entering heat exchanger

30 °C

15 °C

25 °C

Liquid‐to‐water, heating mode

Water‐loop heat
pumps

Ground‐water heat
pumps

Ground‐loop heat
pumps

Liquid entering indoor side
Air surrounding unit, dry bulb

40 °C
15 °C to 30 °C

40 °C
15 °C to 30 °C

40 °C
15°C to 30 °C

20 °C

10 °C

0 °C

Standard rating test
Liquid entering outdoor‐side heat
exchanger

ANSI/AHRI 210/240-2008: Performance Rating of Unitary Air-Conditioning & Air-Source Heat
Pump Equipment
Scope
A central air conditioner or heat pump is defined as a ‘product other than a packaged terminal air
conditioner, which is powered by single phase electrical current, air cooled, rated below 65000 Btu/h
(19.05 kW), not contained within the same cabinet as a furnace, the rated capacity of which is above
225000 Btu/hr and is a heat pump or cooling only unit’.
Temperature and load conditions
Cooling mode
A single load curve, representative of a typical building in a given climate, is used to represent the
cooling period climate of the whole USA to compute the SEER (seasonal energy efficiency ratio). The
building cooling load is assumed to be a straight line function of outdoor air temperature. The sizing
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hypothesis is that at full load and outdoor air temperature of 95 °F (35 °C), the cooling capacity of the
air conditioner is 110 % of the cooling needs, which is translated in the equation below:

BL(Tj ) =

Tj − 65 Pc (FL, Rating)
95 − 65
1.1

with the following notations:
- Tj: temperature axis is discretized by intervals of 5 °F (about 2.8 °C)
- BL(Tj): building load for temperature of bin j in kW
- Pc(FL, rating): rated cooling capacity (P for power) at full load (FL), identical to ISO T1 condition, in
kW.
- 65 °F = 18.3 °C ; 95 °F = 35 °C
In order to be able to average the efficiency at different (load, temperature) conditions, hours of
occurrence of each outdoor temperature during the cooling season are added for each of the bin
intervals and the median temperature of the interval bounds is kept as representative.
By multiplying the cooling load (kW) by the fractional hours of operation (

nj
N

, with N: number of hours

with cooling operation and nj: number of hours with cooling operation in temperature bin j), one can get
an idea of the energy spent at each temperature level (or equivalently each load ratio).
For standard SEER rating, energy is spent in average for an outdoor air temperature of about 82 °F
(27.8 °C) and 52 % load.
Heating mode
The principle is similar in the heating mode. As opposed to the cooling conditions, heating conditions
vary following 6 climatic zones whose main characteristics are reported below. This enables to take
into account different outdoor design temperatures. Nevertheless, only the heating seasonal
performance factor of the zone IV has to be published in the ratings (Canada uses the zone V ratings,
colder area); it is then the value used for comparison amongst several units and likely to be the design
condition for reversible air conditioners HSPF.
The building load is a straight line versus outdoor air temperature with heating beginning when
outdoor temperatures falls below 65 °F (18.3 °C).

BL(Tj ) =

(65 − Tj )
65 − TOD

.C.DHR

“C = 0.77, a correction factor which tends to improve the agreement between calculated and
measured building loads, dimensionless.” (ARI 210/240, 2006).
TOD is the outdoor design temperature and depends on the climatic zone; for zone IV, it is 5 °F (-15
°C).
“Design Heating Requirement (DHR) is the amount of heating required to maintain a given indoor
temperature at a particular outdoor design temperature.” (ARI, 210/240). For the purpose of
legislation, it is generally the minimum authorized value which is kept because of higher HSPF values
and then:

BL(Tj ) =

(65 − Tj )
60

.C.Q H rated

The rated heating capacity at full load (the source conditions are slightly different from the ISO 5151
H1 test point, outdoor 8.3 °C DB and 6.1 °C WB, indoor 21.1 °C DB and maximum 15.6 °C WB).
This equation translates a zero heating need balance point for 65 °F (18.3 °C) and a correction factor
C that is a simplified manner to take into account internal gains indoor (solar, lighting, .. ).
In order to be able to average the efficiency at different (load, temperature) conditions, hours of
occurrence of each outdoor temperature during the heating season are added for each of the bin
intervals and the median temperature of the interval bounds is kept as representative.
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By multiplying heating load (kW) by the fractional hours of operation (

nj
N

, with N: number of hours

with heating operation, and nj: number of hours with cooling operation in temperature bin j), one can
get an idea of the energy spent at each temperature level (or equivalently each load ratio). For the
heat load calculation, the study refers only to zone IV, used for legislation. Heat load and repartition of
energy are reported below. For heating load, percentages refer to the rated heating capacity at full
load.
Figure 1 - 31 . Heating load in percent of rated capacity and repartition of heating energy as a function of
outdoor air temperature, adapted from ARI 210/240
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Hence, for standard HSPF rating, energy is spent in average for an outdoor air temperature of about
32 °F (around 0 °C) and 42 % load (100 % load refers to rated capacity) and resistance heating is
required at lower outdoor air temperatures.
Computing seasonal and yearly performance
Cooling mode: SEER
For each temperature (median temperature of the intervals of 5 °F), a given load ratio is associated via
the building load straight line. Testing and modelling the performances of the unit for these different
points enable to compute electric power for each one of these conditions. Then, the SEER is
calculated as shown below by calculating the ratio of the energy delivered to the electric energy
consumption.

SEER =

8

q(Tj )

j=1
8

N
e(Tj )

∑
∑
j=1

N

T j are the eight temperature bins defined in ARI 210/240 (section 2.12.1). For each temperature bins,
two terms must be calculated:
q(Tj )
N
e(Tj )
N

: bin weighted net cooling loads with

q c (Tj )
N

: bin weighted energy consumptions with

= BL(Tj ).

e c (Tj )
N

•

nj
N

= Q e (Tj , X(Tj )).

nj
N

Where X(Tj) is the load ratio for temperature in bin j: the ratio of the building load required to the
cooling capacity of the air conditioner. The introduction of this factor enables to introduce the effect of
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•

•

part load in computing seasonal performances. Q e and Q c respectively refer to the electric power and
to the cooling power (or capacity) of the unit.
Heating mode: HSPF
In heating mode, the computation of HSPF is similar except it accounts the heating delivered and the
energy consumed by auxiliary resistive elements (RH(Tj): electric resistance power when operating
below the balance point. This condition occurs when the building load exceeds the space heating
capacity of the heat pump condenser.

nj

....

HSPF =

∑ BL(T ) N
j=1

...

∑ ⎜⎝⎛ Q
j=1

•

e

j

⎞n
(Tj , X(Tj )) + RH(Tj ) ⎟ j
⎠N

Annual performance factor: APF
Once computed SEER and HSPF (for a given zone), a formula makes it possible to compute regional
annual performance factors (APFr) with the equation below and by using the reference cooling load
hours CLHr and heating load hours HLHr, that are equivalent full load hours.

APF =

CLHr.Pc(rating) + HLHr.C.DHR
CLHr.Pc(rating) HLHr.C.DHR
+
SEER
HSPF

Testing and modelling to compute performances for different (load, outdoor temperature) couples
In order to calculate the performances of the unit for each one of the bins, corresponding outdoor air
temperature and humidity, (indoor air conditions are fixed) and load ratio, methods are separated by
technology of air conditioners and heat pumps. The general principle is to build, with a few testing
points, performance curves of the units. These performance curves give the cooling and heating
capacity and the electric consumption as a function of outdoor air conditions for different capacity
levels of the air conditioners (two capacity steps, minimum or maximum speed of an inverter …).
ANSI/AHRI 340/360-2007: Performance Rating of Commercial and Industrial Unitary AirConditioning and Heat Pump Equipment
This standard defines the EER, IPLV (different figure of the one for chillers) and the IEER (evolution of
the IPLV figure for large unitary air conditioners) testing conditions and calculation methods.
Scope
Unitary Air-Conditioners and Air-Conditioning Condensing Units: Air-cooled, water-cooled and
evaporatively-cooled from 19 kW to below 73,200 W.
Air-Source Unitary Heat Pump Equipment: air-cooled from 65,000 Btu/h [19,000 W] to below 250,000
Btu/h [73,200 W].
Definitions
Commercial and Industrial Unitary Air-Conditioner (heat pump): one or more factory-made assemblies,
which normally include a cooling (heating) coil, an air moving device, a compressor(s) and condenser
combination, and may include a heating (cooling) function as well. Where such equipment is provided
in more than one assembly, the separate assemblies shall be designed to be used together, and the
requirements of rating outlined in this standard shall be based upon the use of matched assemblies.
The functions of Commercial and Industrial Unitary Air-Conditioners (heat pumps), either alone or in
combination with a heating plant, are to provide air-circulation, cooling, dehumidification, and may
include the Functions of heating, humidifying, outdoor air ventilation, and air cleaning.
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The classifications of the different types of Unitary air conditioners are given.
Standard rating conditions
The standard rating conditions are given in the Table 1 - 43 below.
It should be noticed that as opposed to the EN14511 standard, the electric power input do include the
integral fan power, the unit being ducted or not. For units supplied without a fan, default fan specific
power is added to the electric power input of the unit as a function of the standard air flow rate
indicated by the manufacturer (and used for the testing). For ducted units, the minimum static external
pressure as a function of air flow is similar but not exactly the same as in the ISO 13253/13256 or
EN14511 standards.
In addition, for water cooled air conditioner with cooling capacity between 19 kW and 40 kW, the
power input shall include “a total allowance for cooling tower fan motor and circulating water pump
motor power inputs to be added in the amount of 10.0 W per 1000 Btu/h [34.1 W per 1000 W] cooling
capacity”.
Equipment which incorporates an “Optional Outdoor Air Cooling Coil”, can use either the standard
rating conditions (100 % recirculated air) or the alternative rating conditions:
a. Unit shall be adjusted to take in 20% outdoor air at conditions specified in the table below.
b. Return air temperature conditions shall be 80ºF [27ºC] dry-bulb, 67ºF [19ºC] wet-bulb.
Table 1 - 43 . Standard rating conditions, commercial and industrial unitary air conditioner and heat pump
equipement, table 3 of ANSI/AHRI 340/360
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IEER rating conditions and calculation method
The same formula as for the chiller IPLV calculation is used for the IEER but with different weighting
coefficients and load curves (condensing temperature / % load).

The temperature conditions are shown below for the different sources (air, water and evaporativelycooled condensers).
Table 1 - 44 . IEER part load rating temperature conditions, commercial and industrial unitary air
conditioner and heat pump equipment, from table 6 of ANSI/AHRI 340/360

CONDITIONS

°C
Indoor Air
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Return Air Dry‐Bulb Temperature

26,7

Return Air Wet‐Bulb Temperature

19,4
Source temperature

Condenser (Air Cooled) Entering Dry‐Bulb Temperature
(OAT)

For % Load > 44,4%, OAT = 0,30 . % Load + 5,0
For % Load . 44,4%, OAT = 18,3

Condenser (Water Cooled) Entering Condenser Water
Temperature (EWT)

For % Load > 34,8% , EWT = 0,256 . % LOAD + 3,8
For % Load . 34,8%, EWT = 12,8 full load flow

Condenser (Evaporatively Cooled) Entering
Wet‐Bulb Temperature (EWB)

For % Load > 36,6%, EWB = 0,19 . P % Load + 4,4
For % Load .36,6%, EWB = 11,6

Regarding the water flow rate, the flow is the same as at full load conditions.
Regarding the air flow rate, for:
-

indoor unit:

-

o

for fixed speed indoor fans the airflow rate should be held constant at the full load
airflow rate.

o

for VAV units the airflow rate at part load should be adjusted to maintain the full load
measured leaving air dry-bulb temperature, but with the design external static. For
units using discrete step fan control, the fan speed should be adjusted as specified by
the controls.

outdoor unit: the condenser airflow should be adjusted as required by the unit controls for
head pressure control.

The part load formula for cycling takes into account the fan and other electric power of the smaller
capacity stage before cycling. Thus the Cd coefficient in the formula below only translates the
thermodynamic degradation of the performance of the unit. The constant electric power when the
compressor stops is taken into account explicitely.
ANSI/AHRI 390-2003: Performance Rating of Single Package Vertical Air-Conditioners and Heat
Pumps
Scope and definitions
Single Package Vertical Air-Conditioner (SPVAC). A type of air-cooled small or large commercial
package air conditioning and heating equipment; factory assembled as a single package having its
major components arranged vertically, which is an encased combination of cooling and optional
heating components. This equipment is intended for exterior mounting on, adjacent interior to, or
through, an outside wall; and is powered by single or three phase current. It may contain separate
indoor grille(s), outdoor louvers, various ventilation options, indoor free air discharge, ductwork, wall
plenum or sleeve. Heating components may include electrical resistance, steam, hot water, gas or no
heat, but may not include reverse cycle refrigeration as a heating means.
SPVAC functions. SPVAC, either alone or in combination with a heating plant, shall provide aircirculation, air-cleaning, cooling with controlled temperature and dehumidification, and may optionally
include the function of heating and possible humidifying and ventilation.
SPVHP (for heat pump) uses primarily the heat pump cycle to ensure the heating function and may or
not be reversible.
There is no capacity limitation for single package vertical heat pumps and air conditioners although
registered models in the AHRI net directory are rather low (below 20 kW cooling).
Testing conditions
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They are similar to the testing conditions in the AHRI 340/360 standard except the IPLV has not been
replaced by the IEER. ASHRAE 90.1 2010 still uses full load EER and COP values for this type of unit.
AHRI 550/590-2003: Performance Rating of Water Chilling Packages Using the Vapor
Compression Cycle
This standard specifies the calculation method and test conditions to rate the EER, IPLV (integrated
part load value) and NPLV (non-standard part load value) figures for chillers and the testing
conditions. It also defines the COPHR (heat reclaim COP), the ratio of the heat recovered at the
condenser to the electric power input of the chiller and the corresponding test conditions.
Scope
The standard scope varies depending on the voltage frequency:
- 60 Hz: the standard applies to water cooled chillers up to 7034 kW and for air cooled chillers up to
703 kW.
- 50 Hz: air cooled chillers are excluded and only screw and centrifugal water cooled chillers whose
cooling capacity is between 703 and 3517 kW are included.
Air-cooled, water-cooled, evaporatively-cooled, condenserless chillers and heat reclaim chillers are
included. DX free cooling, and heating performance ratings are not covered by this standard.
Standard rating conditions
The standard design conditions to establish the maximum cooling capacity and EER are presented in
the table below. Table 2 (not reported here) gives the testing conditions to measure the heat reclaim
coefficient of performance of chillers equipped with a condenser heat reclaim heat exchanger.
Table 1 - 45 . Chiller cooling standard rating conditions, AHRI 550/590

Air‐Cooled

Evaporatively‐Cooled

Condenser Water
Entering
Flow Rate
Condenser Fouling Factor Allowance
Water‐Side
Air‐Side
Entering air
Dry‐Bulb
95.0 ºF 35.0 ºC
Wet‐Bulb
75.0 ºF 23.9 ºC
Evaporator water
Leaving
44.0 ºF 6.7 ºC
44.0 ºF 6.7 ºC
Flow rate
0.043 L/s per kW
Evaporator Fouling Factor Allowance
Water‐side
0.000018 m2 ∙ ºC/W
Without condenser
Saturated discharge
125.0 ºF 51.7 ºC
105.0 ºF 40.6 ºC
Liquid refrigerant
105.0 ºF 40.6 ºC
98.0 ºF 36.7 ºC
Barometric pressure
29.92 in Hg 101.3 kPa 29.92 in Hg 101.3 kPa

Water‐Cooled
85.0 ºF 29.4 ºC
0.054 L/s per kW
0.000044 m2 ∙ ºC/ W

44.0 ºF 6.7 ºC

105.0 ºF 40.6 ºC
98.0 ºF 36.7 ºC
29.92 in Hg 101.3 kPa

Application rating conditions
It is specified in the standard how should be presented for full load non design conditions.
Performances should be given when varying source and sink temperatures over a standard variation
interval with maximum interval between data specified (e.g. “Entering Condenser air dry-bulb
temperature ......55.0 to 125.0°F [12.8 to 51.7°C] dry-bulb in increments of 10°F or less [6°C or less].”)
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Part load testing conditions
The IPLV is calculated as follows:

Where A is the EER at 100 % load and 100 % load associated source temperature condition, B the
efficiency at (75 % load, condensing temperature B) …
For continuously capacity controlled units, A, B, C and D may be directly reached and tested. For
capacity controlled units, an interpolation procedure is defined. A degradation factor of 0.13 enables to
account for the performance degradation when the load required is lower than the smaller capacity
stage of the unit.
Table 1 - 46 . Chiller IPLV rating conditions, AHRI 550/590

Part‐Load Conditions for Rating
Evaporator (All Types)
100% load LWT
0% load LWT
Flow Rate (gpm)
F.F.A.
Water‐Cooled Condenser
100% load EWT
75% load EWT
50% load EWT
25% load EWT
0% load EWT
Flow rate (gpm) [L/s]
F.F.A.
Air‐Cooled Condenser
100% load EDB
75% load EDB
50% load EDB
25% load EDB
0% load EDB
F.F.A.
Evaporatively‐Cooled Condenser
100% load EWB
0% load EWB
F.F.A.
Air‐Cooled Without Condenser
100% load SDT
0% load SDT
Water and Evaporatively‐Cooled Without Condenser
100% load SDT
0% load SDT

IPLV
6,7 ºC
6,7 ºC
0,043 L/s per kW
0,000018 m2 ∙ ºC/ W
29,4 ºC
23,9 ºC
18,3 ºC
18,3 ºC
18,3 ºC
0,054 L/s per kW
0,000044 m2 ∙ ºC/ W
35,0 ºC
26,7 ºC
18,3 ºC
12,8 ºC
12,8 ºC
0,0 m2∙ºC/W
23,9 ºC
10,0 ºC
0,0 m2∙ºC/W
51,7 ºC
12,8 ºC
40,6 ºC
18,3 ºC

With : SDT - saturated discharge temperature LWT - leaving water (liquid) temperature EWT - entering
water (liquid) temperature EDB - entering air dry-bulb temperature EWB - entering air wet-bulb
temperature F.F.A. - Fouling Factor Allowance
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ANSI/AHRI 560-2000: Absorption Water Chilling and Water Heating Packages
This standard defines the EER and IPLV figures and testing conditions (integrated part load index) for
absorption chillers.
Scope
This standard applies to water-cooled single-effect steam and hot water operated water chilling units,
water-cooled double-effect steam and hot water operated water chilling units, and double-effect DirectFired (natural gas, oil, LP gas) water chilling/heating units. Water is the refrigerant and LiBr (lithium
bromide) the absorbent.
Definitions
Absorption Water Chilling and Water Heating Package
A factory designed and prefabricated assembly employing water as the refrigerant and consisting of
an evaporator, absorber, condenser, generator(s) and solution heat exchangers, with interconnections
and accessories used for chilling or heating water. The package utilizes single or multiple
reconcentrations of an absorbent solution. The reconcentrations of the absorbent are known as
effects. A single effect package employs one step reconcentration of the absorbent in the generator.
Water vapor is released after the heat energy is introduced into the generator. The concentrated
absorbent is returned to the absorber where it can absorb water vapor flashed off in the evaporator. A
double effect package employs a two step reconcentration of the absorbent through the use of an
additional high temperature generator. An absorption package can be further defined by the following:
- Direct Fired Package. This type of package reconcentrates the absorbent from heat energy through
the combustion of natural gas, LP gas or oil.
- Indirect Fired Package. This type of package reconcentrates the absorbent from heat energy from
steam or hot water.
The COP (fuel efficiency) is defined as the ratio of the useful thermal output to the fuel (or steam)
energy (or heat) input content (based on the product of the mass flow to the higher heating value for
direct fired units). The additional electric power required for for all auxiliary components including
solution and refrigerant pumps, purge, control panel, burner fan, burner controls, etc. is not integrated
in the COP value but should be published in the ratings (power required by system water pumps shall
be excluded).
Standard rating conditions
The standard rating conditions are reported below. The evaporator side conditions are the same as in
the AHRI 550/590 standard. The condenser side conditions require higher water flow rate.
Table 1 - 47 . Water cooled absorption chiller standard rating conditions, AHRI 560

Single stage
Indirect fired

Two‐stage
Indirect fired

Two‐stage
Direct fired

Entering Water Temperature

29,4 °C

29,4 °C

29,4 °C

Water Flow Rate

0,065 L/s per kW

0,072 L/s per kW

0,072 L/s per kW

Water‐Side Fouling Factor

0,000044 m2.°C/W

0,000044 m2.°C/W

0,000044 m2.°C/W

6,7 °C

6,7 °C

6,7 °C

Absorber/condenser

Evaporator
Leaving Water Temperature
Water Flow Rate

0,043 L/s per kW

0,043 L/s per kW

0,043 L/s per kW

Water‐Side Fouling Factor

0,000018 m2.°C/W

0,000018 m2.°C/W

0,000018 m2.°C/W
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The IPLV metrics is also defined in the standard with the inlet water temperature at the condenser
stopping at 21.1 °C instead of 18.3 °C. However, this metrics is not used to compare the efficiency of
aborption water cooled chiller20.
AHRI 1230 - 2010: Performance Rating of Variable Refrigerant Flow (VRF) Multi-Split AirConditioning and Heat Pump Equipment
Scope and definitions
This standard covers matched21 variable refrigerant flow Multi-Split Air Conditioners and Multi-Split
Heat Pumps using distributed refrigerant technology with cooling and heating capacities for outdoor
units from 12,000 Btu/h [3508 W] to 300,000 Btu/h [90,000 W] and indoor units from 5,000 Btu/h
[1,000W] to 60,000 Btu/h [20,000 W]. Each indoor unit is designed to condition a single zone.
The multi-split systems covered in this standard are Variable Refrigerant Flow (VRF) Multi-Split
Systems and Heat Recovery (VRF) Multi-Split Systems. Included are multi-split, matched system air
conditioners and heat pumps irrespective of their type of electric power source, type of refrigeration
cycle, or secondary fluid (e.g. air-to-air or water-to-air)
This standard defines the full load and part load standard rating conditions which vary according to the
capacity of the systems and if the unit is air-cooled or water-cooled:
-

below 19 kW, air-cooled, VRF ratings are full load EER, SEER (and HSPF (zone IV) for
reversible systems), and simultaneous cooling and heating efficiency (SCHE) (50%
heating/50% cooling) for reversible systems with internal heat recovery,

-

above 19 kW, air-cooled, VRF ratings are full load EER (and COP high and low
temperature for reversible systems), IEER, and simultaneous cooling and heating
efficiency (SCHE) (50% heating/50% cooling) for reversible systems with internal heat
recovery,

-

water-cooled, VRF ratings are full load EER (and COP for reversible systems), IEER, and
simultaneous cooling and heating efficiency (SCHE) (50% heating/50% cooling) for
reversible systems with internal heat recovery,

The standard gives the following definitions for VRF multi-split systems:
Variable Refrigerant Flow (VRF) System. An engineered direct exchange (DX) multi-split system
incorporating at least one variable capacity compressor distributing refrigerant through a piping
network to multiple indoor fan coil units each capable of individual zone temperature control, through
proprietary zone temperature control devices and common communications network. Variable
refrigerant flow implies three or more steps of control on common, inter-connecting piping.
VRF Multi-Split System. A split system air-conditioner or heat pump incorporating a single refrigerant
circuit, with one or more outdoor units, at least one variable speed compressor or an alternative
compressor combination for varying the capacity of the system by three or more steps, multiple indoor
fan coil units, each of which is individually metered and individually controlled by a proprietary control
device and common communications network. The system shall be capable of operating either as an
air conditioner or a heat pump. Variable refrigerant flow implies three or more steps of control on
common, inter-connecting piping.
VRF Heat Recovery Multi-Split System. A split system air-conditioner or heat pump incorporating a
single refrigerant circuit, with one or more outdoor units at least one variable-speed compressor or an
alternate compressor combination for varying the capacity of the system by three or more steps,
multiple indoor fan coil units, each of which is individually metered and individually controlled by a
proprietary control device and common communications network. This system is capable of operating
as an air-conditioner or as a heat pump. The system is also capable of providing simultaneous heating
and cooling operation, where recovered energy from the indoor units operating in one mode can be
20

ASHRAE 90.1 minimum performance requirements are in terms of COP, in W/W.
Matched means the sum of the cooling capacities of the indoor units represents between 95 % and
105 % of the cooling capacity of the outdoor unit.
21
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transferred to one or more other indoor units operating in the other mode. Variable refrigerant flow
implies 3 or more steps of control on common, inter-connecting piping.
NOTE: This may be achieved by a gas/liquid separator or a third line in the refrigeration circuit.
Standard rating conditions
The standard rating conditions are either similar to the AHRI 210/240 standard for air cooled VRF
multi-split system below 19 kW and to the AHRI 340/360 standard otherwise.
For water source VRF multi-split systems, alternative ratings such as ground water and ground loop
are offered, the manufacturer has to supply the rated performances for the difference test conditions.
Specific ratings
Refrigerant piping arrangement is given in the table below. At least 10 ft [3.0 m] of the system
interconnection tubing shall be exposed to the outside conditions.
Table 1 - 48 . Piping Requirements for Tested Combinations (Piping length from outdoor unit to each
indoor unit), AHRI 1230

Simultaneous cooling and heating efficiency (SCHE) is the ratio of the total (heating plus cooling)
capacity to the electric power of the system during the SHCE test.
The SHCE test is conducted to the conditions of operation presented in the table below. All indoor
units shall be functioning during this test. For the purposes of simultaneous operation testing, one-half
of indoor units shall operate in cooling and one-half of indoor units in heating with a tolerance not to
exceed a ratio of 45% to 55%, based upon the cooling capacity of the indoor units.
Table 1 - 49 . SHCE test conditions, AHRI 1230

ANSI/ARI STANDARD 520-2004 - Performance rating of positive displacement condensing units
This standard applies to electric motor driven, single and variable capacity positive displacement
condensing units for air-cooled, evaporatively-cooled, and water-cooled refrigeration applications.
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It defines the standard rating conditions for positive displacement (all compressor types except
centrifugal) condensing units.
They are given in the table below.
Table 1 - 50 . Standard rating conditions for positive condensing units, ANSI/ARI 520

It is clearly restricted to refrigeration applications only although the highest suction temperature
standard rating condition could fit with air conditioning temperature level.

ANSI/AHRI STANDARD 366 (SI)-2009 - Performance rating of commercial and industrial unitary
air-conditioning condensing units
This standard applies to factory-made Commercial and Industrial Unitary Air-Conditioning Condensing
Units greater than or equal to 40.0 kW, which are defined as:
“A factory-made assembly of refrigeration components designed to compress and liquefy a specific
refrigerant. It consists of one or more refrigerant compressors, refrigerant condensers (air-cooled,
evaporatively – cooled, and/or water-cooled), condenser fans and motors (where used) and factorysupplied accessories.”
It is explicitely mentioned that it does not apply to refrigeration condensing units of the ANSI/AHRI
STANDARD 520.
It defines the standard rating conditions for these air conditioning units to compute the EER full load
rating and also the part load test conditions to compute the IEER figure of merit.
The outlet fluid temperature and conditions are the same as in the standard 340/360 both in standard
rating conditions and at part load, as well as the calculation method. The refrigerant conditions is
defined in the table below :
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Table 1 - 51 . Evaporator standard rating conditions for air conditioning condensing units, ANSI/AHRI
STANDARD 366 (SI)-2009

2

For refrigerants with a glide, the mid-point saturated suction temperature is the average of the bubble point and
dew point.

Japan: Standards JRA: 4046 (JRA, 2004) - “Calculating method of annual power consumption
for room air conditioners” and JRA: 4048 (JRA, 2006) - “Annual Performance Factor of Package
Air Conditioners”
These methods define the “Annual Performance Factor (APF)” described in the JRA standard
“Calculating method of annual power consumption for room air conditioners” [JRA, 2004], for air
conditioners primarily intended to residential use (cooling capacity < 10 kW and electric power < 3 kW)
and [JRA, 2006] for package air conditioners (cooling capacity < 28 kW), for air conditioners primarily
intended to commercial use.
These two standards adopt the same methodology as in the ARI 210/240 standard. The CSPF
(Cooling Seasonal Performance Factor – American SEER) and HSPF, in combination with cooling
hours and heating hours give the APF. Differences in scope, building load curve, climate, testing and
modeling performances, are reported hereafter. It is to be noted that the APF is used for all air
conditioners and reversible heat pumps in Japan; it replaced the old COP (COP(rated22) + EER(rated))
/ 2.
Package air conditioners, [JRA, 2006]
As opposed to the residential standard, requirements for marking and for information to be included in
the technical documentation of the air conditioner are described. Namely, all test results should be
included in the technical documentation, which is very useful to building system designers.
Building load curves and air conditioner use are specified for offices, stand-alone and tenant shops.
Load curves in cooling and heating modes for standard [JRA, 2004] and these 3 building types are
shown on the figure below.
To compute hours of operation, opening and days schedule are set for the 3 types of buildings. Also a
definition of the cooling and heating season is given for each of the buildings: “the cooling season
starts from the day of the third-time occurrence of the mean day temperature is equal to or higher than
20 °C for stand-alone shops, 18 °C for tenant shops and 16 °C for offices and ends at the day of the
third-time occurrence of the said temperature before the day when the said temperature is registered
last.” The same definition is applied for heating with respectively 12 °C, 10 °C and 8 °C. The default
climate is also Tokyo.
Figure 1 - 32 . Building heating and cooling load, [JRA, 4046] and [JRA, 4048]

22

Rated refers to standard rating conditions reported in the definition section starting on page 36 of
this report, and presented in the « main performance parameter » subsection.
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Concerning testing and calculation for seasonal performances, the methodology is the same as for
residential units. Variable capacity units are treated as inverter units but without allowance for
extended operating range at low outdoor temperature in heating mode.
For multi-split units, different coefficients are to be used for the performance curves at intermediate
speed or capacity in cooling mode and correction coefficients are supplied whether tests of indoor
units are led in the same room instead of separate rooms.
USA - CTI standard ATC-105 (2000) – Acceptance test for water cooling towers & CTI STD 201
(2000) - Standard for Thermal Performance Certification of Evaporative Heat Rejection
Equipment
CTI 201: Certification program
Scope
This certification programme covers Mechanical Draft Evaporative Heat Rejection Equipment such as
Cooling Towers, Closed Circuit Coolers and Evaporative Refrigerant Condensers where the thermal
capacity is selected from published ratings. This is a certify all programme (all cooling towers in a
given « product line » should be certified).
Principle
For certified products, manufacturers publish the thermal capacity on a given range of operations as
defined in the standard. Note that the electric power of the motor fan(s) is not certified. The thermal
capacity of the tower is checked by testing according to the ATC-105 standard and the test code CTI
Test Code ATC-106 is used for evaporative refrigerant condensers. Tolerances of 5 % are defined in
the certification procedure.
ATC-105 : Testing standard
For a given set of operating condition, the manufacturer publishes the caracteristic curve, relating the
NTU (number of transfer units) and the ratio of the liquid to gas mass flow rates noted L/G. The
general shape of the performance curves can be written as NTU = C . (L/G)n (straight line in a log –
log graph).
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A test with operating conditions in the range of certified performances but different to the design point
to be checked is conducted. Thanks to the characteristics law, it is possible to estimate from that test
the thermal capability at the design points and then to compare with the published performances.

2.4.

SYNTHESIS ON STANDARDS

2.4.1.

Cooling generators

Air conditioners
•

Vapor compression cycles with electrically driven compressor

Air conditioners have been rated in Europe by their standard rating performance as defined in the
EN14511 standard, with test conditions compatible with the ISO 5151 T1 (cooling) and H1 (heating)
conditions for non ducted units, and ISO 13256 for ducted units.
The prEN14825 defines a SEER and a SCOP (Seasonal Coefficient of Performance). This standard
contains detailed information (hours of operation required to compute the SCOP/SEER) for air cooled
air conditioners below 12 kW. However, similar information is not presently available for other types of
air conditioners. Other adaptations may be required for larger products, as different climates or
different balance points in the bin method (because of higher internal loads in commercial buildings) or
the addition of humidity testing conditions for evaporatively-cooled units in cooling mode.
Also, air conditioners included in air handling units are at the moment not explicitely covered by the
standard.
Sound power should be rated as specified in EN 12102: 2008.
•

Vapor compression cycles with engine driven compressor

No standard seems to be available for the rating of engine driven vapor compression cycle air
conditioners while products do exist. Not any sound measurement standard could be identified neither.
•

Absorption/adsorption cycle

No product at the moment.
Air conditioning condensing units
•

Vapor compression cycles with electrically driven compressor

There is no specific standard in Europe for condensing units used for air conditioning, but only
standards referring to refrigeration condensing units.
In the USA, such a standard exists for air conditioning condensing units with a cooling capacity above
40 kW. The efficiency rating is based on a seasonal performance index, the IEER, which is also used
to rate commercial air conditioners. The standard applies to all types of air condensing units (air
cooled, water cooled and evaporatively cooled), but does not charaterize the heating mode.
No standard has been identified to rate air conditioning condensing units in heating mode in Europe
nor elsewhere.
These products could be included in the EN14511 and prEN14825 standards or the refrigeration
condensing unit standard could be modified to include air conditioning rating conditions, and heating
mode conditions. It should then be adapted to include a part load performance indicator for this unit in
cooling and in heating mode, compatible with the developments in the prEN14825 standard.
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Sound power should be rated as specified in EN 12102: 2008.
•

Vapor compression cycles with engine driven compressor

There is no stand alone product sold although the products exist included in aor-to-air units so that
development could be fast if there is a market for air conditioning condensing units.
•

Absorption/adsorption cycle

No product at the moment.
Chillers
•

Vapor compression cycles with electrically driven compressor

Chillers have been rated in Europe by their standard rating performance as defined in the EN14511
standard. Both heating and cooling modes are covered.
The prEN14825 defines a SEER and a SCOP (Seasonal Coefficient of Performance). In heating
mode, it should be compatible with the future legislation on boilers. In cooling mode, adaptations may
be required for chillers, as different climates or different balance points in the bin method (because of
higher internal loads in commercial buildings), or the addition of humidity testing conditions for
evaporatively-cooled units in cooling mode.
At the moment the manufacturers still use the Eurovent ESEER (an integrated part load index called
ESEER23, which mirrors the seasonal indicator used in the USA for chillers, the IPLV, but with adapted
climate and load curve conditions). An ISO standardization process to standardize the USA IPLV and
Eurovent ESEER methodology with conditions adapted by regions of the world has been launched a
few years ago, and is not finalized yet.
Sound power should be rated as specified in EN 12102: 2008.
•

Vapor compression cycles with engine driven compressor

No standard seems to be available for the rating of engine driven vapor compression cycle. There is
no stand alone product at the moment but one manufacturer proposes an air-to-air unit plus an air-towater kit to make one. Here again, there is the need to develop a standard compatible with EN14511
and prEN14825.
Not any sound measurement standard could be identified neither.
•

Absorption/adsorption chiller

Regarding sorption chillers and heat pumps, there is a full load standard EN12309 which needs to be
aligned with the evolutions of the EN14511 standard regarding testing conditions; electricity
consumption measurement should also be added.
There is not any part load ratings neither; the prEN14825 standard could serve as a reference.
Not any sound measurement standard could be identified neither.
Discussions regarding seasonal performance metrics
Different countries are moving to seasonal performance metrics to replace full load metrics as this
enables to promote energy efficient technologies at part load, i.e. closer to average operating
23

See the definition in the part 3.1 of this report describing the Eurovent Certification Company
certifications programs.
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conditions than full load ratings which intent is to evaluate the capacity and performance at design
conditions.
In terms of full load standards, the main specificity of Europe, as opposed to third countries, is to have
a single main24 standard for vapor compression cycles with electrically driven compressor; in the main
lines it is compatible with the reference ISO 5151 and ISO 13256 standard for air conditioners.
And the HVAC industry is planning to adopt seasonal performance indicators in cooling and in heating
modes for the same wide scope as the one of the EN14511, as defined in the prEN14825:2010 project
standard. Hence, normally, the prEN14825 cooling seasonal performance index (SEER) should
supersede the existing Eurovent ESEER, even for chillers.
As compared to third countries and regions, for which a standard is defined by technical type of
product, with sometimes very narrow scopes, the European approach has the advantage to keep
comparable methods for different product architectures.
The other way round, having a single set of standards in the world for the same type of product may
have economic advantages for all actors. In that direction, two ISO standardization projects, for small
air conditioners (the exact scope is unknown), and for chillers (vapor compression cycle with
electrically driven compressor in the cooling mode) have been launched.
In the study team’s opinion, this is not an important issue to modify a seasonal performance standard
if required to align to a common reference, the biggest gap being to change from a full load metrics to
a part load one. Hence, the study plans to use the SEER and SCOP definitions which are available in
the prEN14825 standard, although there might be some adjustments required regarding the detailed
number of hours, or bin conditions to be used for ENTR Lot 6 products.
The existing Eurovent ESEER and US seasonal performance metrics will give precious indications on
the present performance of cooling generators.
Finally, it should be recalled here that the SEER/SCOP development only enables to rate average EU
seasonal performance of cooling/heating genetors but that the information supplied to do so is not
enough for the EPBD where much more information (more ambient temperatures, for different loads)
should be supplied by manufacturers. In that field, there is still no standardized information
requirements, nor standardized certification procedures. This leads Member States and local
authorities to adopt different calculation methods for cooling generators, possibly leading to market
distorsions.
2.4.2.

Terminal units

Fan coils
An efficiency ratio, the ratio of the thermal capacity (cooling/heating) to the electric power of the fan is
presently used.
ECC has specific guidelines and the EN 1397:1998 standard would need to be updated with current
practices. Namely, the EN1397 standard specifies that the maximum speed should be used for testing
which is not what appears in the ECC database, where the speed testing for rating is chosen by the
manufacturer.
In ENTR Lot 6, it is planned to use the seasonal performance metrics proposed by ECC and described
below on page 155.
ECC25 uses its own guidelines to rate the fan coil units based on international ISO standards. There is
no specific standard for the determination of sound power levels.
24
25

Plus EN15218 standard for evaporatively-cooled air conditioners and chillers.
Eurovent Certification Company
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Others
Regarding active, passive chilled beams, and other chilled surfaces, the standards enable to compute
the cooling capacity and pressure drop depending on the chilled water temperature, flow rate and
room conditions. This is the information required to design air conditioning systems using these
terminal units.
There is no specific standard for the determination of sound power levels of active chilled beams.
2.4.3.

Heat rejection units

Dry coolers
The test conditions and procedure are defined in the EN 1048:1998 standard. The performance
metrics used by the industry is an efficiency ratio defined as the ratio of the cooling capacity and the
power of the fan motor(s) (established in standard rating conditions). The pressure loss on the water
side is measured.
There is no plan to develop a seasonal performance metrics, despite it could highlight better controls
at part load (using VSD).
In ENTR Lot 6, it is planned to use the standard rating performance index and to complete the energy
consumption calculation with part load performance curves.
There is no specific standard for the determination of sound power levels.
Cooling towers
The standard EN 14705:2005 gives the measurement method to rate the performance of wet cooling
towers. The performance metrics used by the industry is an efficiency ratio defined as the ratio of the
cooling capacity and the power of the fan motor(s).
However, there is no EU standard for dry cooling towers.
Standard rating conditions are not defined for cooling towers, either wet or dry.
In the USA, the CTI ATC-105 code, which defines the measurement, and the CTI STD-201
certification procedure are used for wet and dry cooling towers. The ASHRAE 90.1 – 2010 building
code then defines the standard rating conditions. The electricity consumption of the motor is not
measured during the tests, instead the power rating of the motor fit in by the manufacturer is declared
and used in legislation to establish the performance index.
There is no plan to develop a seasonal performance metrics, despite it could highlight better controls
at part load (using VSD).
In ENTR Lot 6, it is planned to use the standard rating performance index and to complete the energy
consumption calculation with part load performance curves.
There is no specific standard for the determination of sound power levels.
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3. SUBTASK 1.3 - EXISTING LEGISLATION

3.1.

SUBTASK 1.3.1 - LEGISLATION AND AGREEMENTS AT EUROPEAN COMMUNITY LEVEL

3.1.1. Ecodesign Directive for Energy-related Products 2009/125/EC (recast)
The recast Directive 2009/125/EC establishing a framework for the setting of ecodesign requirements
for energy-related products was adopted by the European Parliament and the Council the 21 October
2009..
The Ecodesign directive was introduced in 2005 for energy‐using products (directive 2005/32/EC) and
extended in 2009 to energy‐related products. It is a new approach Directive, which means that the
so‐called blue guide is applicable26 and the Directive should make use of harmonised EN standards.
The directive is a so‐called Article 95 Directive, i.e. set up with the aims of promoting the EU single
maket, free movements of goods and harmonisation of national legislation within the EU.
The Directive offers to set generic or specific requirements and it offers the possibility to employ
voluntary agreements as an equivalent to legislation.
This Directive shall not apply to means of transport for persons or goods.
Ecodesign parameters for products
Ecodesign parameters relate to different phases in the product life cycle:
•
raw material selection and use;
•
manufacturing;
•
packaging, transport, and distribution;
•
installation and maintenance;
•
use;
•
end-of-life.
For each phase, the following aspects of the product must be assessed:
•
predicted consumption of materials, of energy and of other resources;
•
anticipated emissions to air, water or soil;
•
anticipated pollution (noise, vibration, radiation, electromagnetic fields);
•
expected generation of waste material;
•
possibilities for reuse, recycling and recovery of materials or of energy, taking into account the
Directive on waste electrical and electronic equipment.
Placing on the market and CE marking
All products covered by implementing measures must bear CE marking before being placed on the
market.
Market surveillance is to be carried out by competent authorities designated by Member States that
have the task of:
•
verifying product conformity;
•
requiring the parties concerned to provide the necessary information;
•
taking samples of products and subjecting them to compliance checks.
Free movement
Member States may not hinder the placing on the market of a product which complies with ecodesign
requirements.
If the product does not fulfil ecodesign requirements, Member States must take suitable measures
which may go as far as the prohibition of the placing on the market of the product. In this case, the
Member State in question shall inform the European Commission of its intentions if non-compliance is
due to:
26

Guide to the implementation of directives based on the New Approach and the Global Approach,
European Communities, 2000.
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•
•
•

failure to satisfy the requirements of the applicable implementing measure;
the incorrect application of harmonised standards;
shortcomings in harmonised standards.

Conformity assessment
Before being placed on the market, all products must undergo conformity assessment concerning all
of the ecodesign requirements.
Once the product has been placed on the market, the manufacturer or its authorised representative
shall keep all documents relating to the conformity assessment issued in order to facilitate inspections
by Member States that are likely to take place in the ten years following the product’s manufacture.
Presumption of conformity
Products bearing the Community eco-label are presumed to comply with the ecodesign requirements
stated in the applicable implementing measures. The Commission also has the power to decide
whether other eco-labels are equivalent to the Community eco-label.
Harmonised standards
If harmonised standards do not entirely satisfy the provisions of this Directive, the Member State
concerned or the Commission shall inform the Standing Committee set up under the Directive on
information procedures in the field of technical standards and regulations. The Committee will then
give an opinion, which the Commission shall take into account.
Small and medium-sized enterprises
The Commission can assist small and medium-sized enterprises and very small firms in integrating
environmental aspects, in particular energy efficiency, when designing their products.
Consumer information
Manufacturers must be able to provide consumers with information on the role that they can play in the
sustainable use of the product concerned, as well as the ecological profile of the product and the
advantages of ecodesign.
This Directive repeals Directive 2005/32/EC.
Context
There are still too many disparities between Member States in terms of the ecodesign of energyrelated products and this hinders the proper functioning of the internal market. This Directive therefore
endeavours to improve the harmonisation of national legislation in this field whilst extending its scope
to all energy-related products.
Key terms of the Act
•
Ecodesign: the integration of environmental aspects into product design with the aim of
improving the environmental performance of the product throughout its whole life cycle;
•
Energy-related product: any good that has an impact on energy consumption during use which
is placed on the market and/or put into service, and includes parts intended to be incorporated
into energy-related products covered by this Directive which are placed on the market and/or
put into service as individual parts for end-users and of which the environmental performance
can be assessed independently;
•
Implementing measures: measures adopted pursuant to this Directive laying down ecodesign
requirements for defined products or for environmental aspects thereof.
3.1.2. Ecodesign Fan Regulation No. 327/2011
The Ecodesign Commission Regulation on Fans (hereafter ‘Fan Regulation’), voted favourably by the
Ecodesign Regulatory Committee d.d. 11 June 2010 covers fans with rated electric motor power of
125 W to 500 kW.
It uses the fan system efficiency as a parameter for Minimum Efficiency Performance Standards
(MEPS).
It is based on the ISO 5801 standard for the performance assessment.
The Fan Regulation uses 4 different measurement categories, depending on whether the fan inlet and
outlet are both free (category A), ducted on the outlet side (B), on the inlet side (C) or ducted on both
sides. ISO 5801 defines the standard airways (ducts) that allows fans to be tested with harmonized
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test set-ups. A fan adaptable to more than one measurement category will have more than one
performance characteristic.
The Fan Regulation then distinguishes, depending on measurement category, an efficiency category
which may be based on either static pressure27 or total pressure28, resulting in either static efficiency
or total efficiency. The Fan Regulation proposes an assessment at the Best Efficiency Point (BEP).
The nominal rated motor efficiency ηm should be determined in accordance with Regulation 640/2009
whenever applicable. If the motor is not covered by Regulation 640/2009 or in case no motor is
supplied a default ηm is calculated for the motor using empirical equations given in the regulation.
As regards the use of Variable Speed Drives, the Fan Regulation recognizes that –although in a
standard test it may cost some energy-- in practice this is an efficient feature and it has introduced a
part load compensation factor Cc in the equation for the fan system efficiency. The drive efficiency ηT is
100% for a direct-drive, 89% for a ‘low-efficiency drive’ and 94% for a ‘high efficiency drive’.
In case the fan is not placed on the market as a ‘final assembly’ there is a compensation factor Cm in
the equation (default 0,9) that account for matching of components.
All in all, the generic equation for fan system efficiency in the Fan Regulation, using the notation from
the Fan Regulation is
ηe = ηr · ηm · ηT · Cm · Cc , where:
ηe is the overall efficiency;
ηr is the fan impeller efficiency according to Pu(s) / Pa ,where:
Pu(s) is fan gas power determined at the point of optimal energy efficiency for the impeller and
according to point 3.3 below;
Pa is the fan shaft power at the point of optimal energy efficiency of the impeller;
ηm is the nominal rated motor efficiency in accordance with Regulation 640/2009 whenever
applicable. If the motor is not covered by Regulation 640/2009 or in case no motor is
supplied a default ηm is calculated for the motor using the following values:
if the recommended electric input power ‘Pe’ is ≥ 0.75 kW,
ηm = 0.000278*(x³) - 0.019247*(x²) + 0.104395*x + 0.809761
where x = Log(Pe)
and Pe is as defined in 3.1.(a);
if the recommended motor input power ‘Pe’ is < 0.75 kW,
ηm = 0.1462*ln(Pe) + 0.8381
and Pe is as defined in 3.1.(a), where the electric input power Pe recommended by the
manufacturer of the fan should be enough for the fan to reach its optimum energy efficiency
point, taking into account losses from transmission systems if applicable;

27

‘Fan static pressure’ (psf) means the fan total pressure (pf) minus the fan dynamic pressure corrected by the Mach factor;
‘Mach factor’ means a correction factor applied to dynamic pressure at a point, defined as the stagnation pressure minus
the pressure with respect to absolute zero pressure which is exerted at a point at rest relative to the gas around it and
divided by the dynamic pressure; ‘Stagnation pressure’ means the pressure measured at a point in a flowing gas if it were
brought to rest via an isentropic process;
28

‘Fan total pressure’ (pf ) means the difference between the stagnation pressure at the fan outlet and
the stagnation pressure at the fan inlet;
130

ηT is the efficiency of the driving arrangement for which the following default values must be
used:
for direct drive ηT = 1.0;
if the transmission is a low-efficiency drive as defined in (9) and
Pa ≥ 5 kW, ηT = 0.96 or 1 kW < Pa < 5 kW, ηT = 0.0175 * Pa + 0.8725 or
Pa < 1 kW, ηT = 0.89
if the transmission is a high-efficiency drive as defined in (10) and
Pa ≥ 5 kW, ηT = 0.98

or 1 kW < Pa < 5 kW, ηT = 0.01 * Pa + 0.93 or

Pa < 1 kW, ηT = 0.94
Cm is the compensation factor to account for matching of components, with value 0.9 for fans
without housing and 1 for fans with housing;
Cc is the part load compensation factor:
for a motor without a variable speed drive Cc = 1.0
for a motor with a variable speed drive and Ped ≥ 5 kW then Cc = 1.04
for a motor with a variable speed drive and Ped < 5 kW then
Cc = -0.03 ln(Ped) + 1.088.
In its target efficiency the Fan Regulation also implicitly uses the new ISO 12759 and AMCA 205 29
standard on FMEG, because it sets a different target for units up to 10 kW electric motor power input
and units above 10 kW. Target values for category A, C seem less ambitious than for category B, D,
but it must be taken into account that these are efficiencies based on total pressure30, i.e. generally
10-15% points higher than the efficiency values based on static pressure.
The table below gives a summary of the Fan Regulation and examples of minimum efficiency targets
for several values of the electric motor power P (in kW).
Figure 1 - 33 . Ecodesign Fan Regulation 327/2011, summary and examples
EXAMPLES (P in kW)
fan type

cat.

press.

A, C

static

B, D

total

A, C

static

B, D

total

Axial

FC and
radial*
BC
without
29

A, C

static

range
P
in kW

ηtarget =

N

N

13

15

P ≤ 10

2,74 · ln(P) – 6,33 + N

36

10 < P

0,78 · ln(P) – 1,88 + N

P ≤ 10

2,74 · ln(P) – 6,33 + N

10 < P

0,78 · ln(P) – 1,88 + N

P ≤ 10

2,74 · ln(P) – 6,33 + N

10 < P

0,78 · ln(P) – 1,88 + N

P ≤ 10

2,74 · ln(P) – 6,33 + N

10 < P

0,78 · ln(P) – 1,88 + N

P ≤ 10

4,56 · ln(P) – 10,5 + N

10 < P

1,1 · ln(P) – 2,6 + N

P=

0,5

1

2,2

7,5

32

2013

27

30

32

35

37

40

2015

31

34

36

39

41

2013

41

44

46

49

51

58

2015

49

52

54

57

59

2013

28

31

33

36

38

44

2015

35

38

40

43

45

2013

33

36

38

41

43

2015

40

43

45

48

50

2013

44

48

51

57

59

2015

48

52

55

61

64

50
37
42
49
58
62

AMCA 205. Energy efficiency classification for fans

30

Dynamic pressure (in Pa) is the pressure derived from the mass flow rate, the average gas density
at the outlet and the fan outlet area.
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housing**
BC with
housing
***

Mixed
flow

Cross
flow

A, C

static

B, D

total

A,C

static

B,D

total

B, D

total

P ≤ 10

4,56 · ln(P) – 10,5 + N

10 < P

1,1 · ln(P) – 2,6 + N

P ≤ 10

4,56 · ln(P) – 10,5 + N

10 < P

1,1 · ln(P) – 2,6 + N

P ≤ 10

4,56 · ln(P) – 10,5 + N

10 < P

1,1 · ln(P) – 2,6 + N

P ≤ 10

4,56 · ln(P) – 10,5 + N

10 < P

1,1 · ln(P) – 2,6 + N

P ≤ 10

1,14 · ln(P) – 2,6 + N

10 < P

N

58

2013

44

48

51

57

59

62

2015

48

52

55

61

64

2013

47

51

54

60

62

64

2015

50

54

57

63

66

2013

33

37

40

46

48

2015

47

47

48

50

52

2013

44

48

51

57

59

62

2015

59

59

60

62

64

2013

9

10

11

13

13

21

2015

17

18

19

21

21

61
47
50
58
13

* = Centrifugal forward curved fan and centrifugal radial bladed fan
** = Centrifugal backward curved fan without housing
*** = Centrifugal backward curved fan with housing
cat. A, C = measurement with free in/outlets or duct inlet
cat. B, D = with duct outlet or both duct in/outlet
press. Static = static efficiency
press. Total = total efficiency
ηtarget = minimum efficiency (in %) , equation as function of P (in kW) and N
N= efficiency grade; '13'=applies to tier 1 in 2013; '15'=applies to tier 2 in 2015.

The Commission expects an electricity saving potential of 5% in 2020 from this generic fan measure
(34 TWh/a on a total of 660 TWh/a in baseline 2020). For the application in non-residential ventilation
units, where usually the category B,D (with outlet ducts) applies and cross-flow fans are not suitable, it
seems that 5% is a conservative estimate. The potential could be increased by excluding forward
curved and radial fans for this application.
3.1.3.

Ecodesign Electric Motor Regulation No. 640/2009

The Ecodesign Commission Regulation No. 640/2009 on Motors > 750 W (and < 375 kW) was
published d.d. 23.7.2009. Regulation No. 640/2009 stipulates that (brushless squirrel cage) fan motors
have to reach IE2 level on the 16th of July 2011 and meet either the IE3 level or be equipped with a
variable speed drive by 1 January 2015 (large motors 7,5-375 kW ) respectively 1 January 2017 (all
motors 0,75-375 kW).
Motors in ventilation units or ventilation fans are not part of the exemptions, and thus the regulation will
apply in general. However, it applies only to
electric single speed, three-phase 50 Hz or 50/60 Hz, squirrel cage induction motor that:
— has 2 to 6 poles,
— has a rated voltage of U N up to 1 000 V,
— has a rated output P N between 0,75 kW and 375 kW,
— is rated on the basis of continuous duty operation.
These single speed motors are rare in ventilation unit applications and thus the impact of the measure
will be very limited.
3.1.4.

Ecodesign Circulator Regulation No. 641/2009

The Ecodesign Commission Regulation N° 641/2009 on glandless standalone circulators and
glandless circulators integrated in products was published d.d.23.7.2009.
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This Regulation establishes ecodesign requirements for the placing on the market of glandless
standalone circulators and glandless circulators integrated in products. Only glandless circulators are
covered (circulator means an impeller pump which has the rated hydraulic output power of between 1
W and 2 500 W and is designed for use in heating systems or in secondary circuits of cooling
distribution systems; glandless means that the shaft of the motor directly coupled to the impeller and
the motor immersed in the pumped medium).
This Regulation shall not apply to:
(a) drinking water circulators, except as regards information requirements of Annex I, point 2(4);
(b) circulators integrated in products and placed on the market not later than 1 January 2020 as
replacement for identical circulators integrated in products and placed on the market no later than 1
August 2015. The replacement product or its packaging must clearly indicate the product(s) for which
it is intended.
Minimum energy performance requirements are set in annex I as follows:
1. From 1 January 2013, glandless standalone circulators, with the exception of those specifically
designed for primary circuits of thermal solar systems and of heat pumps, shall have an energy
efficiency index (EEI) of not more than 0,27.
2. From 1 August 2015, glandless standalone circulators and glandless circulators integrated in
products shall have an energy efficiency index (EEI) of not more than 0,23.
The measurement method and methodology for calculating the energy efficiency index (EEI) is given
in the annex II of the regulation. The EEI gives the ratio of the consumption of the pump to a reference
electricity consumption. If the pump may have several operating points, the point with the maximum
head (H) x flow rate (Q) product is chosen as the reference. The equivalent electric consumption of the
specific pump is measured at 4 points: (Q=100%, H=100%), (Q=100%, H=87,5%), (Q=100%,
H=75%), (Q=25%, H=62,5%). The electric consumption of the pumps for the 4 testing points is
weighted as follows
P L,avg = 0,06 · P L,100 % + 0,15 · P L,75 % + 0,35 · P L,50 % + 0,44 · P L,25 %.

EEI is finally calculated as follows: 0,49 . P L,avg / Pref
This regulation does not cover all the products in air conditioning systems, which were however
already studied in the preparatory study ENER Lot 11. This applies to glanded circulators and End
Suction Close Coupled in line water pumps. According to ENER Lot 11 study, these exclusions
represent however a small part of the sold products on the European market. Accordingly, circulators
are not studied any further in ENTR Lot 6 study. When default values are required to compute the
efficiency of the circulators, the regulation or ENER Lot 11 reference values are used.
3.1.5.

Energy Performance of Buildings Directive 2010/31/EU (recast)

On 19 May 2010, a recast of the Energy Performance of Buildings Directive was adopted by the
European Parliament and the Council of the European Union in order to strengthen the energy
performance requirements and to clarify and streamline some of the provisions from the 2002
Directive (2002/91/EC) it replaces. In November 2008, the Commission adopted the proposal for a
recast of the Energy Performance of Buildings Directive. Throughout 2009, the proposal went through
the approval process of the European Parliament and Council and a political agreement was achieved
17 November 2009. The recast proposal confirms the importance of effective implementation at the
Member State level, the importance of Community-wide co-operation and the strong long-term
commitment and role of the Commission itself to support such effective implementation.
As the November 2008 Commission Communication for the original proposal states, buildings have
significant untapped potential for cost effective energy savings “which, if realized, would mean that in
2020 the EU will consume 11 % less final energy.” The magnitude of the potential savings is such that
every effort must be made to achieve it.
Highlights :
•

As of 31 December 2020 new buildings in the EU will have to consume 'nearly zero' energy
and the energy will be 'to a very large extent' from renewable sources.
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•

Public authorities that own or occupy a new building should set an example by building,
buying or renting such 'nearly zero energy building' as of 31 December 2018.

•

The definition of very low energy building was agreed to: "nearly zero energy building means a
building that has a very high energy performance, determined in accordance with Annex I. The
nearly zero or very low amount of energy required should to a very significant level be covered
by energy from renewable source, including renewable energy produced on-site or nearby"

•

There is no specific target be set for the renovation of existing building, but Member States
shall following the leading example of the public sector by developing policies and take
measures such as targets in order to stimulate the transformation of buildings that are
refurbished into very low energy buildings, and inform the Commission thereof in their national
plans referred to in paragraph 1.

•

The 1000m2 threshold for major renovation has been deleted and this will take effect when
the national regulations have been implemented and applied, probably at the beginning of
2014.

•

Minimum requirements for components are introduced for all replacements and renovations,
although for major renovations, the holistic calculation methodology is the preferred method
with performance calculations based on component requirements allowed as a complement or
alternatively

•

A harmonised calculation methodology to push-up Member States' minimum energy
performance requirements towards a cost-optimal level is set out in the Directive in a definition
and an annex, and will also be refined in a comitology process. Member States will have to
justify to the Commission if the gap between current requirements and cost optimal
requirements is more than 15 %

•

A more detailed and rigorous procedure for issuing energy performance certificates will be
required in Member States.

•

Control systems will be required by Member States to check the correctness of performance
certification.

•

Member States will be required to introduce penalties for non-compliance. Member States
shall lay down the rules on penalties applicable to infringements of the national provisions
adopted pursuant to this Directive and shall take all measures necessary to ensure that they
are implemented. The penalties provided for must be effective, proportionate and dissuasive.
Member States shall communicate those provisions to the Commission.

Relevant citations for air conditioning products are
Recital 12.
When setting energy performance requirements for technical building systems, Member States should
use, where available and appropriate, harmonised instruments, in particular testing and calculation
methods and energy efficiency classes developed under measures implementing Directive
2009/125/EC of the European Parliament and of the Council of 21 October 2009 establishing a
framework for the setting of ecodesign requirements for energy-related products and Directive
2010/30/EU of the European Parliament and of the Council of 19 May 2010 on the indication by
labelling and standard product information of the consumption of energy and other resources by
energy- related products, with a view to ensuring coherence with related initiatives and minimise, to
the extent possible, potential fragmentation of the market.
Article 4 Setting of minimum energy performance requirements
These requirements shall take account of general indoor climate conditions, in order to avoid possible
negative effects such as inadequate ventilation,…
Article 8 Technical building systems
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System requirements shall be set for new, replacement and upgrading of technical building systems
and shall be applied in so far as they are technically, economically and functionally feasible.
The system requirements shall cover at least the following:
(a) heating systems;
(b) hot water systems;
(c) air-conditioning systems;
(d) large ventilation systems;
or a combination of such systems.
Article 15 Inspection of air-conditioning systems
Article 15 sets an obligation of the inspection air-conditioning systems >12 kW rated output regarding
efficiency and sizing; air handling is not mentioned explicitly .
ANNEX I . Common general framework for the calculation of energy performance of buildings
….
3. The methodology shall be laid down taking into consideration at least the following aspects:
….
(c) air-conditioning installations;
(d) natural and mechanical ventilation which may include air-tightness;
…
5. For the purpose of the calculation buildings should be adequately classified into the following
categories:
(a) single-family houses of different types;
(b) apartment blocks;
(c) offices;
(d) educational buildings;
(e) hospitals;
(f) hotels and restaurants;
(g) sports facilities;
(h) wholesale and retail trade services buildings;
(i) other types of energy-consuming buildings.
EPBD standards
Over 30 European Standards were produced in support of the EPBD under the following Technical
Committees.
TC 89 Thermal performance of buildings and building components;
TC 156 Ventilation for buildings;
TC 169 Light and lighting;
TC 228 Heating systems in buildings;
TC 247 Building automation, controls and building management.
ISO/TC 163 "Thermal performance and energy use in the built environment" is also now working in
these areas.
The majority of the standards published by CEN/TC 89 are also global standards, either prepared
under CEN/TC 89 lead or under ISO/TC 163 lead. (European standards prepared in cooperation with
ISO are designated “EN ISO XXX”.)

3.1.6.

Energy Labelling Directive 2010/30/EU (recast)

The recast Energy Labelling Directive 2010/30/EU was adopted by the European Parliament and
Council the 19th May 2010. The directive introduces the possibility for new efficiency classes A+, A++
and A+++ on top of the existing A grade for the most energy-efficient household products.
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The new directive extends the energy label to energy-related products in the commercial and industrial
sectors, e.g. cold storage rooms and vending machines. A Commission working group will determine
the energy classes and the specific products that will be labelled.
The extension of the scope from energy-using to energy-related products (including construction
products) implies that the Directive covers any good having an impact on energy consumption during
use. These products could not only consume energy but could also "have a significant direct or
indirect impact" on energy savings. Examples are window glazing and outer doors.
Energy labelling requirements are already in force for a number of products and the Commission will
adopt delegated regulations for energy labelling in parallell with the adoption of the Ecodesign
regulations. The new labels will be mandatory for products placed on the market a defined time after
the regulation has been published in the OJ.
According to the new Energy Labelling Directive, the layout of the energy efficiency label gives room to
up to three new energy classes to reflect technological progress. However, the total number of classes
will still be limited to seven. The labelling colour scheme will be adjusted accordingly, so that the
highest energy efficiency class will remain dark green and the lowest energy efficient class will be red.
3.1.7.

Directive 2002/31/EC energy labelling of household air-conditioners
This Directive applies to electric mains operated
household air-conditioners as defined in the European
standards EN 255-1, EN 814-1 or the harmonised test
standards referred to in Article 2. It shall not apply to
the following appliances:
¾ appliances that can also use other energy
sources,
¾ air-to-water and water-to-water appliances,
¾ units with an output (cooling power) greater than
12 kW.
Requirements for EER (and COP, in the case of
heating mode) are defined for the categories listed
below:
Air-cooled air-conditioners:
¾ Split and multi-split appliances, Packaged, Singleduct
Water-cooled air-conditioners:
¾ Split and multi-split appliances, Packaged

Figure 1 - 34 . EU-energy label for household air-conditioners, Directive 2002/31/EC

The EU-label displays the energy efficiency class in a range from A (more efficient) – G (less efficient)
different for each categories identified hereabove.
Information on noise level is not mandatory but may be required by Member States.
The energy grades are presented hereunder by category.
Table 1 - 52 . EER labelling classes of Air-cooled air-conditioners

Energy
Efficiency
Class

Split and multi-split
appliances

Packaged (*)

Single duct

136

A
B
C
D
E
F
G

3,2 < EER
3,2 ≥ EER > 3,0
3,0 ≥ EER > 2,8
2,8 ≥ EER > 2,6
2,6 ≥ EER > 2,4
2,4 ≥ EER > 2,2
2,2 ≥ EER

3,0 < EER
3,0 ≥ EER > 2,8
2,8 ≥ EER > 2,6
2,6 ≥ EER > 2,4
2,4 ≥ EER > 2,2
2,2 ≥ EER > 2,0
2,0 ≥ EER

2,6 < EER
2,6 ≥ EER > 2,4
2,4 ≥ EER > 2,2
2,2 ≥ EER > 2,0
2,0 ≥ EER > 1,8
1,8 ≥ EER > 1,6
1,6 ≥ EER

(*) Packaged ‘double ducts’ units (known commercially as ‘double ducts’) defined as ‘Air conditioner completely positioned
inside the conditioned space, with the condenser air intake and air discharge connected to the outside by means of two ducts’,
will be classified according to Table above with a correction factor of – 0,4.

Table 1 - 53 . COP labelling classes of Air-cooled air-conditioners in heating mode

Energy
Efficiency
Class
A
B
C
D
E
F
G

Split and multi-split
appliances

Packaged (*)

Single duct

3,6 < COP
3,6 ≥ COP > 3,4
3,4 ≥ COP > 3,2
3,2 ≥ COP > 2,8
2,8 ≥ COP > 2,6
2,6 ≥ COP > 2,4
2,4 ≥ COP

3,4 < COP
3,4 ≥ COP > 3,2
3,2 ≥ COP > 3,0
3,0 ≥ COP > 2,6
2,6 ≥ COP > 2,4
2,4 ≥ COP > 2,2
2,2 ≥ COP

3,0 < COP
3,0 ≥ COP > 2,8
2,8 ≥ COP > 2,6
2,6 ≥ COP > 2,4
2,4 ≥ COP > 2,1
2,1 ≥ COP > 1,8
1,8 ≥ COP

(*) Packaged ‘double ducts’ units (known commercially as ‘double ducts’) defined as ‘Air conditioner completely positioned
inside the conditioned space, with the condenser air intake and air discharge connected to the outside by means of two ducts’,
will be classified according to Table above with a correction factor of – 0,4.

Table 1 - 54 .EER labelling classes of Water-cooled air-conditioners

Energy
Efficiency
Class
A
B
C
D
E
F
G

Split and multi-split
appliances

Packaged (*)

3,6 < EER
3,6 ≥ EER > 3,3
3,3 ≥ EER > 3,1
3,1 ≥ EER > 2,8
2,8 ≥ EER > 2,5
2,5 ≥ EER > 2,2
2,2 ≥ EER

4,4 < EER
4,4 ≥ EER > 4,1
4,1 ≥ EER > 3,8
3,8 ≥ EER > 3,5
3,5 ≥ EER > 3,2
3,2 ≥ EER > 2,9
2,9 ≥ EER

(*) Packaged ‘double ducts’ units (known commercially as ‘double ducts’) defined as ‘Air conditioner completely positioned
inside the conditioned space, with the condenser air intake and air discharge connected to the outside by means of two ducts’,
will be classified according to Table above with a correction factor of – 0,4.

Table 1 - 55 . Requirements for COP-Values of Water-cooled air-conditioners

Energy
Efficiency
Class
A
B
C
D
E
F
G

Split and multi-split
appliances

Packaged (*)

4,0 < COP
4,0 ≥ COP > 3,7
3,7 ≥ COP > 3,4
3,4 ≥ COP > 3,1
3,1 ≥ COP > 2,8
2,8 ≥ COP > 2,5
2,5 ≥ COP

4,7 < COP
4,7 ≥ COP > 4,4
4,4 ≥ COP > 4,1
4,1 ≥ COP > 3,8
3,8 ≥ COP > 3,5
3,5 ≥ COP > 3,2
3,2 ≥ COP

(*) Packaged ‘double ducts’ units (known commercially as ‘double ducts’) defined as ‘Air conditioner completely positioned
inside the conditioned space, with the condenser air intake and air discharge connected to the outside by means of two ducts’,
will be classified according to Table above with a correction factor of – 0,4.

The Directive 2002/31/EC should be repealed by the draft Commission Delegated Regulation
supplementing Directive 2010/30/EU of the European Parliament and of the Council with regard to
energy labelling of air conditioners.
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3.1.8. European Union Ecolabel Regulation 66/2010
The EU Ecolabel may be awarded to products and services which have a lower environmental impact
than other products in the same group. The label criteria were devised using scientific data on the
whole of a product’s life cycle, from product development to disposal.
The label may be awarded to all goods or services distributed, consumed or used on the Community
market whether in return for payment or free of charge. It does not apply to medicinal products for
human or veterinary use, or to medical devices.
The system was introduced by Regulation (EEC) No 880/92 and amended by Regulation (EC) No
1980/2000. This Regulation (EEC) No 66/2010 aims to improve the rules on the award, use and
operation of the label.
Award criteria
The label shall be awarded in consideration of European environmental and ethical objectives. In
particular:
• the impact of goods and services on climate change, nature and biodiversity, energy and
resource consumption, generation of waste, pollution, emissions and the release of hazardous
substances into the environment;
• the substitution of hazardous substances by safer substances;
• durability and reusability of products;
• ultimate impact on the environment, including on consumer health and safety;
• compliance with social and ethical standards, such as international labour standards;
• taking into account criteria established by other labels at national and regional levels;
• reducing animal testing.
The label cannot be awarded to products containing substances classified by Regulation (EC) No
1272/2008 as toxic, hazardous to the environment, carcinogenic or mutagenic, or substances subject
to the regulatory framework for the management of chemicals.
Competent bodies
Member States shall designate one or more bodies responsible for the labelling process at national
level. Their operations shall be transparent and their activities shall be open to the involvement of all
interested parties.
They are specifically responsible for regularly checking that products comply with the label criteria.
Their remit also includes receiving complaints, informing the public, monitoring false advertising and
prohibiting products.
The procedure for award and use of the label
In order to be awarded the label, economic operators shall submit an application to:
one or more Member State(s), which will send it to the competent national body;
a third State, which will send it to the Member State where the product is marketed.
If the product complies with the label criteria, the competent body shall conclude a contract with the
operator, establishing the terms of use and withdrawal of the label. The operator may then place the
label on the product. The use of the label is subject to payment of a fee when the application is made,
and an annual fee.
The European Union Ecolabelling Board (EUEB)
The Commission shall establish a committee representing the national competent bodies. The
Commission shall consult the EUEB when developing or revising the award criteria and requirements
of the label.
Context
Regulation (EC) No 1980/2000 is repealed. However, it shall continue to apply to contracts concluded
before the current Regulation entered into force, until the date of expiry specified in the contracts.
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3.1.9. Construction Products Directive (89/106/EEC, 93/68/EC, Reg 1882/2003)
Single market (art. 95) directive, laying down ‘essential requirements’ for construction products as a
basis for CE marking. Essential requirements are part of the harmonized standards. Focus is on
harmonised product-information. The CPD, after having been amended in 1993 and 2003, is currently
under revision.
No useful information has been found regarding electric cooling products of ENTR Lot 6 in the list of
harmonised standards associated to this directive in the Official Journal of the European Union.
3.1.10. LVD - Low Voltage Directive (2006/95/EC)
The Low Voltage Directive (LVD) 2006/95/EC is one of the oldest Single Market Directives adopted
before the "New" or "Global" Approach. However, it does characterise both with a conformity
assessment procedure applied to equipment before placing on the Market and with Essential Health
and Safety Requirements (EHSRs) which such equipment must meet either directly or by means of
harmonised standards.
The LVD ensures that electrical equipment within certain voltage limits both provides a high level of
protection for European citizens and enjoys a Single Market in the European Union. The Directive
covers electrical equipment with a voltage between 50 and 1000 V for alternating current and between
75 and 1500 V for direct current. It should be noted that these voltage ratings refer to the voltage of
the electrical input or output, not to voltages that may appear inside the equipment.
For electrical equipment within its scope, the Directive covers all health and safety risks, thus ensuring
that electrical equipment is safe in its intended use. Guidelines on application and Recommendations
are available - including LVD Administrative Co-operation Working Group (LVD ADCO) documents
and recommendations - as well as European Commission opinions within framework of the Directive.
In respect of conformity assessment, there is no third party intervention, as the manufacturer
undertakes the conformity assessment. There are "Notified Bodies" which may be used to provide
reports in response to a challenge by a national authority as to the conformity of the equipment.
3.1.11. EMC-D - Electromagnetic Compatibility (2004/108/EC)
The main objective of the Directive 2004/108/EC of the European Parliament and of the Council, of 15
December 2004, on the approximation of the Laws of Member States relating to electromagnetic
compatibility (EMC) is thus to regulate the compatibility of equipment regarding EMC:
•

equipment (apparatus and fixed installations) needs to comply with EMC requirements when it
is placed on the market and/or taken into service;

•

the application of good engineering practice is required for fixed installations, with the
possibility for the competent authorities of Member States to impose measures if noncompliance is established.

The EMC Directive first limits electromagnetic emissions of equipment in order to ensure that, when
used as intended, such equipment does not disturb radio and telecommunication as well as other
equipment. The Directive also governs the immunity of such equipment to interference and seeks to
ensure that this equipment is not disturbed by radio emissions when used as intended.
3.1.12. MD - Machinery Directive (2006/42/EC)
The Machinery Directive 2006/42/EC provides the regulatory basis for the harmonisation of the
essential health and safety requirements for machinery at European Union level. Machinery can be
described as "an assembly, fitted with or intended to be fitted with a drive system other than directly
applied human or animal effort, consisting of linked parts or components, at least one of which moves,
and which are joined together for a specific application".
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Essentially performing a dual function, the Directive not only promotes the free movement of
machinery within the Single Market, but also guarantees a high level of protection to EU workers and
citizens. Being a "New Legal Framework" Directive, it promotes harmonisation through a combination
of mandatory health and safety requirements and voluntary harmonised standards. Such directives
apply only to products which are intended to be placed (or put into service) on the EU market for the
first time.
The Machinery Directive 2006/42/EC was published on 9th June 2006 and it is applicable from 29th
December 2009, replacing the Machinery Directive 98/37/EC.
Requirements of the directive for cooling generators of ENTR Lot 6 are covered in the following
standards:
¾ EN 12693:2008
Refrigerating systems and heat pumps - Safety and environmental
requirements - Positive displacement refrigerant compressors
¾ EN 378-2:2008+A1:2009 Refrigerating systems and heat pumps - Safety and environmental
requirements - Part 2: Design, construction, testing, marking and documentation

3.1.13. GAD - Gas Appliance Directive (2009/142/EC)
The Gas Appliance Directive 2009/142/EC provides the regulatory basis for the harmonisation of the
essential health and safety requirements on Appliances burning gaseous fuels (GAD) and is based on
the New Approach. The scope of the GAD is restricted to appliances burning gaseous fuels used for
cooking, heating, hot water production, refrigeration, lighting and washing, i.e. the GAD covers mainly
common consumer and commercial products.
Gas sorption products in ENTR Lot 6 are in the scope of this directive with requirements covered by
the EN12309 harmonized standard.
3.1.14. WEEE Directive (2002/96/EC)
The WEEE Directive on Waste of electrical and electronic equipment applies to ‘Air conditioner
appliances’ and ‘Other fanning, exhaust ventilation and conditioning equipment’ (see WEEE Directive,
Annex IB). Appliances not using electricity as primary fuel / energy source for functioning are
perceived to be outside the scope of the WEEE Directive or –even in case of doubt—the conformity
with this directive is not perceived as critical, given the high metal content of this product.
The possible inclusion of ENTR Lot 6 products in the scope of this directive is discussed in more
details in the Annex 1 : ENTR LOT 6 products and WEEE/ROHS directives, page 235.
3.1.15. RoHS Directive (2011/65/EU)
The RoHS Directive 2011/65/EU on the Restriction of Hazardous Substances requires that (Article 4):
Member States shall ensure that, from 1 July 2006, electrical and electronic equipment placed on the
market does not contain lead, mercury, cadmium, hexavalent chromium, polybrominated biphenyls
(PBB) or polybrominated diphenyl ethers (PBDE).
This directive may be relevant for the electronics components (Pb) and flame retardants (PBB, PBDE)
in plastics components. A point of attention is the maximum allowable concentration of lead (Pb) in
copper (brass) and aluminium alloys.
The annex III to this directive defines a number of exemption amongst which may concern ENTR Lot 6
products;
- 6. Lead as an alloying element in steel containing up to 0,35 % lead by weight, aluminium
containing up to 0,4 % lead by weight and as a copper alloy containing up to 4 % lead by weight.
- 9. Hexavalent chromium as an anti-corrosion of the carbon steel cooling system in absorption
refrigerators.
The possible inclusion of ENTR Lot 6 products in the scope of this directive is discussed in more
details in the Annex 1 : ENTR LOT 6 products and WEEE/ROHS directives, page 235.
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3.1.16. Ozone Depleting Substances (ODS) REGULATION (EC) No 1005/2009 (recast)
This regulation covers production, importation, exportation, placing on the market, use, recovery,
recycling and destruction of chlorofluorocarbons, other fully halogenated chlorofluorocarbons, halons,
carbon tetrachloride, 1,1,1-trichloroethane, methyl bromide hydrobromofluorocarbons and
hydrochlorofluorocarbons as defined in Annex I. The regulation also imposes the reporting of
information on these substances.
This regulation also applies to importation, production, placing on the market, use of new substances
enumerated in Annex II of the regulation.
Production and placing on the market of Annex I molecules is prohibited, except for specific uses (e.g.
for laboratory use). This regulation doesn’t concern HFC.
The enforcement of the complete interdiction of HCFC will accelerate the retrofit of a large number of
cooling generators still operating with R22 (former HCFC dominant refrigerant). The transition from
R22 to HFC refrigerants in new products occurred between 2000 and 2003 depending on the product
types and sizes.
3.1.17. Regulation 2006/842/EC on fluorinated greenhouse gases
This Regulation entered in force on 4 July 2006 and applies with effect 4 July 2007 (except from Art. 9
and Annex II, which apply on 4 July 2006) to certain “fluorinated greenhouse gases […] listed in Annex
1 and preparations containing these substances …” (Art. 1)
The objective of this regulation is to “reduce the emissions of the fluorinates greenhouse gases
covered by the Kyoto Protocol. It shall apply to the fluorinated greenhouse gases listed in Annex 1 of
the regulation, where hydrofluorocarbons are listed as follows: 23, 32, 41, 43-10mee, 125, 134, 134a,
152a, 143, 143a, 227ea, 236cbm, 236ea, 236fa, 245ca, 245fa, 365mfc.
The main HFC for ENTR Lot 6 products are the refrigerant mixture R410A (50 % by mass of HFC-32
and 50 % HFC-125) and R407C (23 % by mass of HFC-32, 25 % of HFC-125 and 52 % of HFC-134a)
and the HFC-R134a. So, all HFC used for cooling generators in ENTR Lot 6 are covered by the
regulation.
This Regulation addresses:
- The containment, the use, the recovery and the destruction of the fluorinated greenhouse gases
- The labelling and disposal of products and equipment containing those gases; the reporting of
information on those gases
- The control of uses
- The placing on the market prohibitions of certain products and equipment
- The training and certification of personnel and companies involved in activities provided for by this
regulation
A certain schedule of prohibition of placing on the market of products and equipments containing
fluorinated greenhouse gases is listed in the Annex II of the regulation. This schedule is not affecting
common refrigerants used in ENTR Lot 6 cooling generators for the European market.
The requirements are pointed out in detail as follows:
Containment (Art. 3)
“1. Operators of the following stationary applications: refrigeration, air conditioning and heat pump
equipment, including their circuits, as well as fire protection systems, which contain fluorinated
greenhouse gases listed in Annex I, shall, using all measures which are technically feasible and do not
entail disproportionate cost: (a) prevent leakage of these gases; and (b) as soon as possible repair
any detected leakage.
2. Operators of the applications referred to in paragraph 1 shall ensure that they are checked for
leakage by certified personnel who comply with the requirements of Article 5, according to the
following schedule:
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(a) applications containing 3 kg or more of fluorinated greenhouse gases shall be checked for leakage
at least once every 12 months; this shall not apply to equipment with hermetically sealed systems,
which are labelled as such and contain less than 6 kg of fluorinated greenhouse gases; […]”
This article means that inspection does not apply to about any product in the scope of this study that
contain less than 3 kg (equivalent to more than 10 kW of cooling capacity, please refer to task 4 for
more information on ratios in kg/kW).
Recovery (Art. 4)
“1. Operators of the following types of stationary equipment shall be responsible for putting in place
arrangements for the proper recovery by certified personnel, who comply with the requirements of
Article 5, of fluorinated greenhouse gases to ensure their recycling, reclamation or destruction:
(a) the cooling circuits of refrigeration, air-conditioning and heat pump equipment; […]”
“3. The fluorinated greenhouse gases contained in other products and equipment, including mobile
equipment unless it is serving military operations, shall, to the extent that it is technically feasible and
does not entail disproportionate cost, be recovered by appropriately qualified personnel, to ensure
their recycling, reclamation or destruction.
4. Recovery, for the purpose of recycling, reclamation or destruction of the fluorinated greenhouse
gases, pursuant to paragraphs 1 to 3, shall take place before the final disposal of that equipment and,
when appropriate, during its servicing and maintenance.”
Training and certification (Art. 5)
“1. By 4 July 2007, on the basis of information received from Member States and in consultation with
the relevant sectors, minimum requirements and the conditions for mutual recognition shall be
established in accordance with the procedure referred to in Article 12(2) in respect of training
programmes and certification for both the companies and the relevant personnel involved in
installation, maintenance or servicing of the equipment and systems covered by Article 3(1) as well as
for the personnel involved in the activities provided for in Articles 3 and 4.
2. By 4 July 2008, Member States shall establish or adapt their own training and certification
requirements, on the basis of the minimum requirements referred to in paragraph 1. Member States
shall notify the Commission of their training and certification programmes. Member States shall give
recognition to the certificates issued in another Member State and shall not restrict the freedom to
provide services or the freedom of establishment for reasons relating to the certification issued in
another Member State.
3. The operator of the relevant application shall ensure that the relevant personnel have obtained the
necessary certification, referred to in paragraph 2, which implies appropriate knowledge of the
applicable regulations and standards as well as the necessary competence in emission prevention
and recovery of fluorinated greenhouse gases and handling safely the relevant type and size of
equipment.
4. By 4 July 2009 Member States shall ensure that the companies involved in carrying out the
activities provided for in Articles 3 and 4 shall only take delivery of fluorinated greenhouse gases
where their relevant personnel hold the certificates mentioned in paragraph 2 of this Article.
5. By 4 July 2007 the Commission shall determine, in accordance with the procedure referred to in
Article 12(2), the format of the notification referred to in paragraph 2 of this Article.”
Labelling (Art. 7)
1. Without prejudice to the provisions of Directive 67/548/EEC (1) and of Directive 1999/45/EC (2) in
respect of the labelling of dangerous substances and preparations, the products and equipment, listed
in paragraph 2, containing fluorinated greenhouse gases shall not be placed on the market unless the
chemical names of the fluorinated greenhouse gases are identified by way of a label using the
accepted industry nomenclature. Such label shall clearly indicate that the product or equipment
contains fluorinated greenhouse gases covered by the Kyoto Protocol and their quantity, and this shall
be clearly and indelibly stated on the product or equipment, adjacent to the service points for charging
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or recovering the fluorinated greenhouse gas, or on that part of the product or equipment which
contains the fluorinated greenhouse gas. Hermetically sealed systems shall be labelled as such.
Information on the fluorinated greenhouse gases, including their global warming potential, shall be
included in the instruction manuals provided for such products and equipment.
2. Paragraph 1 shall apply to the following types of products and equipment:
[…]
(b) refrigeration and air conditioning products and equipment (other than those contained in motor
vehicles), heat pumps, fire protection systems and fire extinguishers, if the respective type of product
or equipment contains hydrofluorocarbons or preparations containing hydrofluorocarbons; […]
Placing on the market (Art. 9)
“[…] Where a Member State has, by 31. December 2005, adopted national measures which are
stricter than those […] maintain those national measures until 31 December 2012.” (Art. 9)
“In the light of revisions provided for by Article 5(3) of the Kyoto Protocol and accepted by the
Community and its Member States, Annex I may be reviewed and if appropriate may then be
updated.” (Art. 1)
Additional regulations to Regulation 2006/842/EC on fluorinated greenhouse gases
All regulations hereunder deal with fluorinated green house gases and their use in stationary
applications for refrigeration, air-conditioning and heat pump equipment, which are fully relevant for all
cooling generators in ENTR Lot 6.
The 2006/842/EC regulation is now being revised; the progress of the contract
ENV.C.4/SER/2009/0033: OJ 2009/S 103147721, “Service contract to provide technical support for
conducting a review of Regulation (EC) No 842/2006 on certain fluorinated greenhouse gases” may
be of interest for this study.
3.1.18. Fluorinated greenhouse gases, Regulation 2007/1494/EC on labelling requirements
The labelling affixed on equipment should indicate “Contains fluorinated greenhouse gases covered
by the Kyoto Protocol”, the refrigerant name, the refrigerant charge, the text ‘hermetically sealed’
where applicable.
This is a label affixed on all ENTR Lot 6 cooling generators using HFC refrigerants.
“Where fluorinated greenhouse gases may be added outside the manufacturing site and the resulting
total quantity is not defined by the manufacturer, the label shall contain the quantity charged in the
manufacturing plant and shall provide space on the label for the quantity to be added outside the
manufacturing plant as well as for the resulting total quantity of fluorinated greenhouse gases.”
“For air conditioning products and equipment as well as heat pumps with separate indoor and outdoor
sections connected by refrigerant piping, the label information shall be placed on that part of the
equipment which is initially charged with the refrigerant.”
Regulation 2007/1516/EC defines standard leakage checking requirements. Regulation 2008/303/EC
defines minimum requirements and the conditions for mutual recognition for the certification of
companies and personnel. Regulation 2008/308/EC defines the format for notification of the training
and certification programmes.
3.1.19. Existing voluntary agreements
To the study's knowledge there is no specific voluntary agreement at EU level for air-conditiong
products in the scope of this study.
However, there are voluntary certification programs that are useful to this study as they give
information of the technical characteristics of the products as the Eurovent Certification Company
programs.
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Eurovent Certification Company (ECC).
Eurovent Certification Company in a third party organism that supplies public certified data on HVAC
products to professionals. There are presently 19 certification programs defined. These are “Certify-all”
programmes: when a manufacturer enters the scheme, he should declare all the products in its range
(e.g. all chillers manufactured). Amongst certified products, chillers, rooftops and air handling units
have an ad-hoc labeling system (with air conditioners below 12 kW using the official EU energy label).
There is no label for air conditioners above 12 kW. These labels are sometimes referred by Member
States or regions legislations when no EU energy efficiency class is available. These programs are
described hereafter from information available on ECC website31.
NOTA: the text in cursive characters, below in the paragraph related to ECC, is extracted from the ECC website.

Liquid Chilling Packages (LCP)
Scope of the program
This programme applies to standard chillers used for air conditioning and for refrigeration. They may
operate with any type of compressor (hermetic, semi-hermetic and open) but only electrically driven
chillers are included. Only refrigerants authorised in EU are considered. Chillers may be air-cooled,
liquid cooled or evaporative cooled. Reverse cycle liquid chillers shall be certified in cooling and
heating mode. The programme covers all chillers with the limitation of cooling capacities of approved
independent laboratories
NOTA: As explained before, part of these chillers may also be used for medium temperature refrigeration, but
their rating in the ECC directory are only given for the air conditioning applications.

The following units are specifically excluded from the certification programme:
- chillers powered by other than electric motor drives
- free cooling ratings
- heat recovery and no-reverse cycle heat pumps
- 60 Hz units
Participating companies must certify all production models within the scope of the programme :
Application Maximum capacity
Air cooled

600 kW

Water cooled

1500 kW

Medium Brine

300 kW

Low Brine

200 kW

Product classification
Products are classified by chilled water / brine temperature levels and then by their technical
characteristics (split/package, reversible or cooling only, ducted/non ducted on the air side for air
cooled chillers).
Certified values
The following characteristics of Liquid Chilling Packages are verified by tests at Standard Rating
Conditions and at one of Application Rating Conditions selected by Eurovent:
a) cooling capacity
b) energy efficiency (EER)
c) the European Seasonal Energy Efficiency Ratio (ESEER)
d) water pressure drop or available pressure at evaporator in cooling
31

http://www.eurovent-certification.com
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e) water pressure drop or available pressure at condenser in cooling
f) heating capacity for reverse cycle unit
g) energy efficiency (COP)
h) water pressure drop or available pressure at evaporator in heating
i) water pressure drop or available pressure at condenser in heating
j) A-weighted sound power for Air Cooled Units
EER labelling scale (cooling mode)
The classification is established in terms of EER with the temperature and flow conditions of the EN
14511:2008 standard. Corrections for head losses at evaporator side of the EN14511 standard are not
included. EER and capacity values are named “gross” values accordingly, by opposition to “net”
values in the EN14511 standard. The EER classes are described hereunder.
Table 1 - 56 . Eurovent chiller energy efficiency classes, cooling mode

EER
Class
A

Air
Cooled
≥ 3.1

Air
Cooled
ducted
≥ 2.7

B

2.9 - 3.1

2.5 - 2.7

C

2.7 - 2.9

2.3 - 2.5

D

2.5 - 2.7

2.1 -2.3

E

2.3 - 2.5

1.9 - 2.1

F
G

2.1 - 2.3
< 2.1

1.7 - 1.9
< 1.7

Cooling Mode
Air
Cooled
Water
Floor
Cooled
≥ 3.8
≥ 5.05
4.65 3.65 - 3.8
5.05
4.25 3.5 - 3.65
4.65
3.85 3.35 - 3.5
4.25
3.45 -3.2 - 3.35
3.85
3.05 3.05 - 3.2
3.45
< 3.05
< 3.05

Water
Cooled
Floor
≥ 5.1

Remote
Condenser
≥ 3.55

4.9 - 5.1

3.4 - 3.55

4.7 - 4.9

3.25 - 3.4

4.5 - 4.7

3.1 - 3.25

4.3 - 4.5

2.95 - 3.1

4.1 - 4.3
< 4.1

2.8 - 2.95
< 2.8

The tables hereunder gives the repartition of the number of products by class, as in the Eurovent
certification online database of May 24 2010.
A first analysis to be refined, shows that the label, defined in 2004, nearly seizes the full EER range
with the G class appearing almost empty except for floor application.
Table 1 - 57 . Eurovent chiller EER repartition by energy efficiency classes for AC and CHF32 applications

AC - 7 °C - Non ducted - Cooling only – Package

Grades

EER

AC

Total
in %

Grades
Eurovent

A
32

A+++

>=

4.1

0

0.0%

A++
A+
A

>=
>=
>=

3.8
3.4
3.1

0
4
327

0.0%
0.1%
8.7%

Cooling and Heating Floor application
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B
C
D
E
F
G

B
C
D
E
F
G

>=
>=
>=
>=
>=
<

697
2.9
1122
2.7
961
2.5
476
2.3
145
2.1
13
2.1
3745
TOTAL
EER Average
EER Median
EER Min
EER Max

18.6%
30.0%
25.7%
12.7%
3.9%
0.3%
100%
2.73
2.68
1.89
3.47

AC - 18 °C - Non ducted - Cooling only or reversible - Package or

Grades

EER

CHF

Total
in %

5.1

0

0.0%

Grades
Eurovent
A
B
C
D
E
F
G

A+++

>=

A++
A+
A
B
C
D
E
F
G

>=
>=
>=
>=
>=
>=
>=
>=
<

0
4.6
4
4.2
22
3.8
32
3.65
56
3.5
54
3.35
39
3.2
98
3.05
191
3.05
496
TOTAL
EER Average
EER Median
EER Min
EER Max

0.0%
0.8%
4.4%
6.5%
11.3%
10.9%
7.9%
19.8%
38.5%
100%
3.18
3.30
3.05
3.55

WC33 - 7 °C - Reversible or not

Grades
Eurovent
A
B
C
D
E
F
G

33

Grades
A+++
A++
A+
A
B
C
D
E
F
G

EER
>=
>=
>=
>=
>=
>=
>=
>=
>=
<

AC

0
6.7
7
6.1
92
5.6
214
5.05
274
4.65
494
4.25
295
3.85
212
3.45
114
3.05
8
3.05
1710
TOTAL
EER Average

Total
in %
0.0%
0.4%
5.4%
12.5%
16.0%
28.9%
17.3%
12.4%
6.7%
0.5%
100%
4.49

Water Cooled
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EER Median
EER Min
EER Max

4.12
1.88
6.35

COP labelling scale (heating mode)
COP are also based on gross values, as EER.
Table 1 - 58 . Eurovent chiller energy efficiency classes, heating mode

Heating
Air
Cooled
Ducted
≥ 3.0

Mode
Air
Cooled
Floor
≥ 4.05

COP
Class
A

Air
Cooled
≥ 3.2

B

3.0 - 3.2

2.8 - 3.0

3.9 - 4.05

C

2.8 - 3.0

2.6 - 2.8

3.75 - 3.9

D

2.6 - 2.8

2.4 - 2.6

3.6 - 3.75

E

2.4 - 2.6

2.2 - 2.4

3.45 - 3.6

F
G

2.2 - 2.4
< 2.2

2.0 - 2.2
< 2.0

3.3 - 3.45
< 3.3

Water
Cooled
≥ 4.45
4.15 4.45
3.85 4.15
3.55 3.85
3.25 3.55
2.95 3.25
< 2.95

Water
Cooled
Floor
≥ 4.5
4.25 - 4.5
4.0 - 4.25
3.75 - 4.0
3.5 - 3.75
3.25 - 3.5
< 3.25

The tables hereunder gives the repartition of the number of products by class, as in the Eurovent
certification online database of May 24 2010.
A first analysis to be refined, shows that the heating mode label, defined in 2004 (classes A to G)
should be reviewed in order to fit with the present product efficiencies.
Table 1 - 59 . Eurovent chiller COP repartition by energy efficiency classes for AC and CHFapplications

AC - 45 °C - Package
APRAC
Grades
Eurovent
A
B
C
D
E
F
G

COP
Grades
A+++
A++
A+
A
B
C
D
E
F
G

>=
>=
>=
>=
>=
>=
>=
>=
>=
<

COP
4,3
3,9
3,5
3,2
3
2,8
2,6
2,4
2,2
2,2
TOTAL

AC
8
132
667
819
435
243
78
60
0
0
2442
Average
Median
Min
Max

Total
in %
0,3%
5,4%
27,3%
33,5%
17,8%
10,0%
3,2%
2,5%
0,0%
0,0%
100%
2,96
2,87
1,81
3,92
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AC – 35 °C - Package and Split
APRCHF
Grades
Eurovent

A
B
C
D
E
F
G

COP

Grades
A+++
A++
A+
A
B
C
D
E
F
G

>=
>=
>=
>=
>=
>=
>=
>=
>=
<

COP
5,4
4,9
4,5
4,05
3,9
3,75
3,6
3,45
3,3
3,3
TOTAL

Numbers
0
0
31
165
63
55
37
52
44
33
480
Average
Median
Min
Max

Total
in %
0,0%
0,0%
6,5%
34,4%
13,1%
11,5%
7,7%
10,8%
9,2%
6,9%
100%
3,86
3,50
2,39
4,60

Numbers
0

Total
in %
0,0%

WC – 35 °C - Package
APRCHF
Grades
Eurovent

COP

Grades
A+++

>=

COP
6,0

A++

>=

5,4

17

12,1%

A+

>=

5,0

37

26,2%

A

A

>=

4,5

27

19,1%

B

B

>=

4,25

12

8,5%

C
D
E
F
G

C
D
E
F
G

>=
>=
>=
>=
<

4
3,75
3,5
3,25
3,25
TOTAL

21
1
0
0
0
115

14,9%
0,7%
0,0%
0,0%
0,0%
82%

Average

4,02

Median
Min
Max

3,91
3,21
4,60
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ESEER (European Seasonal Energy Efficiency Ratio) or part load index certification
A seasonal performance indicator, results of the SAVE EECCAC study (EECCAC, 2003), is described.
The efficiency is computed at 4 different conditions defined by their part load ratio and condensing
temperature. ESEER is calculated as follows: ESEER = A.EER100% + B.EER75% + C.EER50% +
D.EER25%
With the following weighting coefficients: A = 0.03 ; B = 0.33 ; C = 0.41 ; D = 0.23
Results are presented in the figures below that compares EER and ESEER for air cooled and water
cooled chillers (cooling only, package, leaving water temperature of 7 °C). The dispersion of the
results shows the interest of the method. In average, there is however a good correlation between the
average EER and the ESEER except for new chillers with Turbocor® Danfoss compressor which at
equal EER supersede all competitors with ESEER values close to 6 for air cooled chillers and close to
9.5 for water cooled chillers.
Figure 1 - 35 . Eurovent Certified chillers, air cooled package AC chillers, ESEER Vs EER
ESEER - Air cooled package chillers
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Figure 1 - 36 . Eurovent Certified chillers, water cooled package AC chillers, ESEER Vs EER
ESEER - Water cooled package chillers
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Comfort Air Conditioners (AC1 water cooled below 12 kW, AC2 and AC3 – from 12 to 100 kW)
Scope, certified characteristics, programme description
Comfort air conditioners in the ECC certification program are defined as in the EN14511 standard.
There are 3 main programs, divided by cooling capacity (Pc) ranges as follows:
AC1: Pc < 12 kW
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AC2: 12 kW ≤ Pc < 45 kW
AC3: 45 kW ≤ Pc < 100 kW
In this paragraph, the study also considers smaller than 12 kW water cooled air conditioners.
Comfort air conditioners are classified according to the following characteristics: air/water cooled,
package/split/multi-split, cooling only/reverse cycle, and the type of indoor unit.
The following characteristics of comfort air conditioners are verified by tests :
a) Total cooling capacity
b) Heating capacity for reverse cycle units
c) Energy efficiency ratio (Cooling mode)
d) Coefficient of performance (Heating mode)
e) A-weighted sound power indoor side (non ducted units)
f) A-weighted sound power outdoor side (non ducted units)
g) A-weighted sound power radiated from the duct (ducted units)
Energy ratings are performed according to the EN 14511:2008 standard.
There is no specific label for these larger air conditioners as opposed to smaller than 12 kW air
conditioners for which the EU Energy label 2002/31/EC is used.
Certified products, quantities and efficiency
The table below summarizes the number of products in ECC subcategories for comfort air conditioners
at stake in this study.
There are very few water cooled air conditioners certified, 3 products only all reversible with
performance still compatible with the EU Air conditioning energy label 2002/31/EC.
The large number of comfort air conditioners in the category AC2 is dominated by products with
cooling capacity below 15 kW (and above 12 kW) which represents roughly 75 % off all models. This
coincides with the end of smaller product ranges for mainly reversible split and multisplit products with
peaking number of units at 12.5 kW and 14 kW cooling capacity. This higher concentration extends up
to 20 kW for reversible split and up to 25 kW for reversible multisplit. For these products, the EER and
COP distribution is wider than the one of the 2002 EU label (this is just an indication on efficiency as
the EU label is not to be applied for these products).
For other product categories or larger capacities in the same categories, the average energy efficiency
lies between the 2002 EU label G and A (for units below 12 kW), when respecting the efficiency
categories of the label.
Table 1 - 60 . Eurovent comfort air conditioners, EER and COP analysis for some of the categories

Air
cooled
/
Water
cooled

Package
/
Cooling
Nb
Split
only
of
/
/
products
Multi- Reversible
split

EER

EU EU EU EU
<12 <12 <12 <12
kW kW kW kW
2002 2002 2002 2002
Label Label Label Label
G
A
G
A

COP

Min Max Med Ave Min Max Med Ave EER EER COP COP
AC1

W

P

R

3

2.9 3.5

3.2 3.10 3.8 4.1

3.9

3.9

2.9

4.4

3.2

4.7

A

M

R

145

2.2 3.7

3.0

3.0 2.6 4.4

3.5

3.4

2.2

3.2

2.4

3.6

A

P

C

36

2.0 2.8

2.4

2.4 N/A N/A N/A N/A 2.0

3.0

N/A

N/A

AC2
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AC3

A

P

R

52

1.9 2.8

2.3

2.3 2.3 3.3

2.0

3.0

2.2

3.4

A

S

C

58

2.2 2.9

2.6

2.7 N/A N/A N/A N/A 2.2

3.2

N/A

N/A

A

S

R

435

2.1 4.0

3.0

2.9 2.4 4.4

3.4

3.3

2.2

3.2

2.4

3.6

W

P

R

7

2.9 3.2

3.1

3.1 3.4 3.8

3.6

3.5

2.9

4.4

3.2

4.7

A

P

C

10

2.2 2.6

2.4

2.5 N/A N/A N/A N/A 2.0

3.0

N/A

N/A

A

P

R

15

2.2 2.6

2.4

2.4 2.6 2.9

2.0

3.0

2.2

3.4

A

S

C

7

2.3 2.8

2.5

2.7 N/A N/A N/A N/A 2.2

3.2

N/A

N/A

A

S

R

7

2.2 2.8

2.5

2.6 2.4 3.1

2.8

2.9

2.2

3.2

2.4

3.6

W

P

R

3

3.1 3.4

3.3

3.2 3.6 3.9

3.7

3.7

2.9

4.4

3.2

4.7

2.8

2.8

2.8

2.8

The distribution of EER versus rated cooling capacity is illustrated in the figure below. The high
number of models between 12 and 17 kW clearly appears as well as their relatively higher nominal
efficiency.
Figure 1 - 37 . Eurovent comfort air conditioners, EER Vs capacity for air cooled split
EER - AC2 - ASR
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Rooftops
Scope, certified characteristics, programme description
A rooftop unit is defined by the following features:
¾ Comfort air conditioner
¾ Packaged unit assembled in factory
¾ Common single frame
¾ Direct expansion system
¾ Air cooled condenser with axial fan (for air cooled rooftops) or Water cooled condenser (for water
cooled rooftops)
¾ Designed to operate permanently outdoors with the possibility to be installed on roof curb for
vertical flow
¾ Cold or warm supply air provided through a duct
Minimum External Static Pressure
Static Pressure given in Paaccording to the table for ducted comfort air conditioners as defined in the
EN14511 standard.
Net Cooling Capacity
Measured Cooling Capacity (in kW) at nominal conditions, rated at 0 Pa, in conformity with EN 14511
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Net Heating Capacity
Measured Heating Capacity at nominal conditions rated at 0 Pa
Indoor Fan Power input
Measured Total Power Input at nominal conditions, rated at 0 Pa
Total Power Input
Measured Total Power Input at nominal conditions, rated at 0 Pa.
In addition, the rooftop units shall be tested and rated at specific conditions, the closest possible to
their application. The following specifications will be used during the tests:
¾ Test unit shall be installed with vertical or horizontal air flow in accordance with manufacturers'
specifications.
¾ Indoor air flow should be in relation with cooling capacity, therefore expressed in m3/h/kW. It shall
be between 170 and 210m3/h/kW.
EER labelling scale (cooling mode)
EER net values are used for the scale and ECC certification programme.

Table 1 - 61 . Eurovent rooftop energy efficiency classes, cooling mode

Cooling Mode
EER Class Air Cooled
> 3.0
A
2.8 - 3.0
B
2.6 - 2.8
C
2.4 - 2.6
D
2.2 - 2.4
E
2.0 - 2.2
F
≤ 2.0
G

Water
Cooled
> 4.4
4.1 - 4.4
3.8 - 4.1
3.5 - 3.8
3.2 - 3.5
2.9 - 3.2
≤ 2.9

The table hereunder gives the repartition of the number of products by class, as in the Eurovent
certification online database of May 24 2010.
A first analysis to be refined, shows that the label nearly seizes the full EER range with the G class
appearing almost empty for air cooled applications. There are only 5 water cooled units certified with
average EER of 4.1 (one product range from one manufacturer).
Table 1 - 62 . Eurovent rooftop EER repartition by energy efficiency classes, cooling mode

Air cooled

Grades
Eurovent

A

Grades
A+++
A++
A+
A

>
>
>
>

EER
4.0
3.6
3.3
3

Numbers
Air cooled
reversible
0
0
3
4

Numbers
Air cooled
cooling
only
0
0
2
3

Total
in nb
0
0
5
7

Total
in %
0%
0%
4%
6%
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B
C
D
E
F
G

B
C
D
E
F
G

>
>
>
>
>
<=

2.8
2.6
2.4
2.2
2
2
TOTAL

18
20
13
9
3
0
70

8
26
18
38
14
27
10
19
2
5
0
0
57
127
EER Average
EER Median
EER Min
EER Max

20%
30%
21%
15%
4%
0%
100%
2.65
2.88
2.15
3.60

COP labelling scale (heating mode)
COP net values are used for the scale and ECC certification programme.
Table 1 - 63 . Eurovent rooftop energy efficiency classes, heating mode

Heating Mode
COP Class Air Cooled
> 3.4
A
3.2 - 3.4
B
3.0 - 3.2
C
2.6 - 3.0
D
2.4 - 2.6
E
2.2 - 2.4
F
≤ 2.2
G

Water
Cooled
> 4.7
4.4 - 4.7
4.1 - 4.4
3.8 - 4.1
3.5 - 3.8
3.2 - 3.5
≤ 3.2

The table hereunder gives the repartition of the number of products by class, as in the Eurovent
certification online database of May 24 2010.
The table below indicates that the label should be revised in heating mode for air cooled products.
There are only 5 water cooled units certified with average COP of 4.3 (one product range from one
manufacturer).
Table 1 - 64 . Eurovent rooftop COP repartition by energy efficiency classes, heating mode

Air cooled

Grades
Eurovent

A
B
C
D
E
F
G

Grades
A+++
A++
A+
A
B
C
D
E
F
G

>
>
>
>
>
>
>
>
>
<=

COP
4,5
4,1
3,7
3,4
3,2
3
2,6
2,4
2,2
2,2
TOTAL

Numbers
0
1
15
20
23
3
6
2
0
0
70
COP Average

Total
in %
0%
1%
21%
29%
33%
4%
9%
3%
0%
0%
100%
3,10
153

COP Median
COP Min
COP Max

3,06
2,40
3,74

Fan Coil Units (FC)

Scope
This Certification Programme applies to Fan Coil Units using hot or chilled water. The units are
designed for an air flow of less than 0.7 m3/s and an external static duct pressure below 50 Pa.
Definition
A Fan Coil Unit is a factory made assembly which provides the functions of cooling and/or heating air
using hot or chilled water, with air flow to the room ensured by one or more electrically driven fans.
Fan Coil Units may be of the cabinet style within a room for free air delivery, or of the chassis style
concealed within the building structure, with minimal ducting appropriately connected to the inlet
and/or outlet of the unit.
The principal components are:
- one or more heat exchangers
- one or more fans with electric motors
- an appropriate enclosure
- condensate collecting facilities when cooling
- air filter
Testing
Testing is done according to Eurovent standards. Differences with corresponding EN standards is not
known.
3.1 Performance testing
Eurovent 6/3
"Thermal Test method for Fan Coil Units"
3.2 Acoustic testing
Eurovent 8/2
"Acoustic testing of Fan Coil Units in Reverberation Room"
3.3 Air Flow
ISO 5801
"Industrial Fans - Performance testing using standardized airways"
Ratings
Cooling mode
Air temperature entering the unit:
- dry bulb : 27°C
- wet bulb : 19°C
Water temperature entering the unit 7°C
Water temperature rise 5 K
Heating mode
Room air temperature 20°C
-For 2 pipe units :
. Water inlet temperature 50°C
. Water flow rate same as for the cooling test
- For 4 pipe units :
. Water inlet temperature 70°C
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. Water temperature decrease 10 K
Certified characteristics
a) Total cooling capacity
b) Sensible cooling capacity
c) Heating capacity
d) Water pressure drops (heating and cooling)
e) Fan power input
f) A-weighted sound power for all published fan speeds
Classification
Classification is done as follows:
Table 1 - 65 . Eurovent classification of fan coil units

In the product database, there are three main categories, 2 pipes cooling only, 2 pipes reversible
(alternatively used for cooling or heating), 4 pipes reversible (2 pipes for cooling and 2 pipes for
heating).
Future label based on seasonal performance cooling and heating indexes
Two seasonal performance indexes are being developed by Eurovent, one in cooling mode and one in
heating mode. The label is planned to be defined as follows;
1. Two classifications and two labels will be used for cooling and heating.
2. Total capacity will be used in the calculation of the energy classes. Maximum Total and
Sensible capacities will be shown on the label.
3. The water pressure drop will not be taken into account in the calculation of the energy
consumption of the fan-coils.
4. FCEER and FCCOP are defined as follows:

High, med and low are the fan speed settings of the fan coil in each mode.
Ducted Fan Coil Units (FCP)
Scope
The Ducted Fan Coil units have to meet the following criteria:
1. Air flow <=1 m3/s
2. Available pressure<=300 Pa
3. Direct driven motor
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4. Single box with fan, coil and filter
5. No heat recovery
6. No double skin
The declaration is mandatory for all the units which meet the criteria 1 to 5 and optional for units with
criteria 6.
Definition
As compared to non ducted fan coil, ducted fan coil have one more component, a discharge plenum
(small duct integrated into the product used for aeraulic connection).
Testing
Testing is adapted to the specificities of ducted units as follows:
• Performance testing
Eurovent 6/9
"Thermal test methode for Ducted Fan Coils"
• with discharge plenum
• with standard filter
• with static pressure of 50 Pa at medium speed (for units with more than 3 speeds, the manufacturers
will specify a medium speed. The speed of choice has to be hard-wired to the fan)
• Air flow testing
Eurovent 6/10
"Air Flow test method for Ducted Fan Coil Units"
Beside test for medium speed, a test will be performed for maximum and minimum speed with the
same setting of installation
• Acoustic testing:
Eurovent 8/12
"Sound test method for Ducted Fan Coil Units"
Units will be installed between two reverberation rooms. Two sound powers will be measured:
discharge and inlet + radiated. Testing will be performed for all three speeds used for air flow rate
measurements.
Ratings
See fan coil above.
Certified characteristics
The minimum and maximum available static pressure for speeds 1 and 3 are added.
Classification
See fan coil above.
Future label based on seasonal performance cooling and heating indexes
The same development is on-going for ducted fan coils as for fan coils, which should have two distinct
labels.
Chilled Beams (CB)
Definition
2.1 Passive Chilled Beam
Convector cooled with water or any other liquid and mounted under the ceiling or integrated into a
false ceiling.
2.2 Active Chilled Beam
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Convector with integrated air supply where the induced air or primary air plus induced air pass through
the cooling coil cooled with water or any other liquid and mounted under the ceiling or integrated into a
false ceiling.
2.3 Range of Products
In order to be considered in the same range, the products must have some fixed characteristics, while
all others may be variable.
The basic element of an active chilled beam is a coil and the following characteristics must be fixed:
- Coil width
- Coil height
- Fin material, surface and spacing
- Pipe material, shape (internally smooth or rifled) and pattern
- Plenum and diffuser geometry.
Other characteristics may differ between products in the same range, such as:
- Coil length
- Pipe connections
- Nozzle configuration
- Pipe diameter
- With/without heating
- Discharge (one way and two ways).
For passive beams, the fixed characteristics shall be:
- Coil height
- Fin material, surface and spacing
- Pipe material, shape (internally smooth or rifled) and pattern.
Other characteristics may differ between products in the same range, such as:
- Coil length
- Coil width
- Casing depth below coil
- Open discharge or perforation.
Testing
3.1 Active Chilled Beams
pr EN 15116, December 2004
"Determination of cooling capacity of Active Chilled Beams"
3.2 Passive Chilled Beams
EN 14518, 2005
"Testing and Rating of Passive Chilled Beams".
Ratings
4.1 Mounting of passive chilled beams
Passive beam shall be mounted under a ceiling.
4.2 Pressure testing and correction for water cooling capacity
The test shall be performed for nominal primary airflow rate. The measured Dp must be within ± 10%
of claimed value. If Dp may be adjusted, the manufacturer is allowed to do it. In any case, the capacity
shall be corrected, following the formula:
with:
Pc = Pressure corrected water cooling capacity
Pm = Measured water cooling capacity
Dpn = Chamber pressure or total pressure loss given in manufacturer's documentation
Dpn = Pressure recorded during the measurement from the product's measurement connection or
static pressure measured using 4 static taps connected by piezometric ring.
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The corrected value Pc shall be compared with the claimed value.
Certified characteristics
The following performance characteristics shall be certified and verified by tests:
5.1 For Passive Beams
Cooling capacity in compliance with the requirements of EN 14518, including testing with three values
of Dp , only for the nominal air flow rate.
5.2 For Active Beams
Cooling capacity in compliance with the requirements of pr EN 15116 - three values of air flow rate
(nominal air flow rate, 80 and 120% of the nominal air flow rate), for the nominal temperature
difference (8 K) only for the nominal water flow rate.
Classification
Active or passive.
Dry Coolers Certify All (HEDCOOL)
Definition
Forced Convection Liquid Coolers
A refrigeration system component that cools liquid by rejecting heat to air mechanically circulated by
fans
Testing
Performances characteristics - Standard ratings are verified by tests conducted in accordance with the
following standard:
EN 1048: Tests procedures for establishing performance of forced convection liquid coolers.
Certified characteristics
-

Standard capacity
Fan power imput
Energy ratio
Air flow rate
Liquid side pressure drop
A-weighted sound power level
Surface area

The “energy ratio” represents the energy efficiency of the dry cooler: it is the ratio of the electric power
input of the unit to the standard cooling capacity.
Classification
No specific classification.
Cooling Towers (CT)
This program is under construction and should be based on the CTI standards discussed previously.

Cooling and Heating Coils (HECOILS)
Scope
Forced circulation air cooling and heating coils
Definition
1.1 Forced circulation air cooling and air heating coils
Tubular heat exchanger, with or without extended surfaces, for use in airflow circulated by fan
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1.2 Range
Coils designed for the same application and using the following common features:
- fin designation
- tube diameter
- tube spacing/pattern configuration
Testing
Tests shall be conducted in accordance with EN 1216:1998 - Heat exchangers - Forced circulation aircooling and air-heating coils - Test procedures for establishing the performance
Ratings
For cooling coils:

For heating coils:

Where:

Certified characteristics
- Capacity
- Air Side Pressure Drop
- Liquid Side Pressure Drop
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3.2.

SUBTASK 1.3.2 - LEGISLATION AT MEMBER STATE LEVEL

The relevant existing legislation on air conditioning systems in the Member States has been
scrutinized.
Regarding cooling, most countries, following the requirements of the EPBD, had adopted in 2007
already requirements for summer comfort. These developments are more or less important and may
include the evaluation of the risk of overheating (consistent with EU standard), limitation of the cooling
needs by improving the building envelope and a calculation methodology for cooling requirements.
Only a few of them added explicit requirements for the cooling systems. Where this information has
been identified, it has been reported below country by country.
There are relatively few dedicated technical or efficiency requirements, the reason being that the
requirements are generally set upon the total primary energy consumption of the building per square
meters. Hence, cooling systems as well as other end uses of the building are constrained without
individual requirements on the components of the systems. The study collected hereunder the few
exceptions where requirements have been identified.
Regarding health and safety, further requirements regarding for instance legionella regulations are
also of specific interest for cooling towers. Identified legislation have been added below on a country
basis. This explains that only the following countries’ legislations are discussed below: FR, DE, IE, NL,
PL, PT, ES, UK.
In addition, it should be noted that several European countries took specific measures more restrictive
than the regulation on HFC refrigerants. A ban on HFC for refrigeration (including air conditioning)
products with a refrigerant charge above 10 kg has been in effect in Denmark since January 200734. In
addition, Benmark raised a tax (at present 150 DKK – 20 euros - per tonnes CO2-eq). in Germany,
the more restrictive Ordinance on climate protection against changes caused by release of certain
fluorinated greenhouse gases (Chemikalien-Klimaschutzverordnung) entered into force on 1 August
2008. The ordinance regulates amongst others specific refrigerant losses in stationary refrigeration
and air conditioning equipment.
Besides Denmark, the legislation in other European countries (e.g. Austria) also bans the use of HFCs
as refrigerants under specific conditions or raises taxes for HFCs.
It may also be that some countries also have specific safety constraints prohibiting the use of
flammable refrigerants over the European standard EN378. This is the case of France which prohibits
the use of flammable or toxic or corrosive gases and liquids in the buildings destinated to welcome
public.35 Stakeholders have also indicated it was the case of Spain and Italy, although the precise
regulation references are not known to the study team.
3.2.1

France

1. General
The French Thermal Regulation36 (2005 for new buildings and 2007 for existing buildings) defines the
minimum energy requirements for construction of new buildings and the retrofit of existing buildings. A
new version is being prepared and shall enter into force in 2012.
34

See the statutory order here:
http://www.hfc-fri.dk/_root/media/19348_HFC-bekendtg%F8relsen%20ENG.pdf
35
Arrêté du 25 juin 1980 portant approbation des dispositions générales du règlement de sécurité
contre les risques d'incendie et de panique dans les établissements recevant du public. code de la
construction et de l'habitation.
36
French Republic, Code of Construction law and habitation, articles L.111-9, R.111-6 et R.111-20
and application decrees, for new construction.
French Republic, Code of Construction law and habitation, articles L. 111-10 et R.131-25 à R.131-28
and application decrees, for existing construction.
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New construction
The global primary energy consumption of the building which includes heating, cooling, hot water,
ventilation and lighting, Cep (kWhpe/m2.year) should be lower than the reference value Cepref
allowed for the specific building characteristics and climate. The map of French climates for the
thermal regulation is presented hereunder.

Figure 1 - 38 : Map of France climates (source French Thermal Regulation 2005)

Two categories of buildings are considered regarding summer comfort:
- CE1: No allowance for cooling consumption. The thermal envelope of these buildings shall enable to
limit overheating in summer to a maximum operative hourly temperature Tic < Ticref of 28 °C for
dwellings and 26 °C for other buildings.
- CE2: Allowance for the reference cooling consumption and no constraint regarding Tic. The complex
map of buildings allowed to be cooled at the time of construction is reproduced hereunder. It depends
on climate, elevation, noise and the type of activity of the building zone considered.
Table 1 - 66 . French RT: Map of building characteristics with energy consumption provision for cooling
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In addition, generic requirements apply to air conditioning and ventilation systems.
Existing buildings
For existing buildings, provisions are similar to new buildings for refurbishment of building with area
larger than 1000 m2, when the investment of the retrofit is larger than 25 % of the value of the building
and if the building has been built after 1948. In all other cases, requirements component by
component apply and do include minimum performance requirements for air conditioning and
ventilation systems.
2. Cooling generators
Art. R. 131-29 of the construction law: operation of cooling systems
In all rooms equipped with a cooling system, the system should not be working for operative
temperatures below 26 °C.
New construction
Reference characteristics
Reference values for cooling generators:
- electric : EERcorr = 2.45
- gas: EERcorr = 0.95
These values are the product of the standard EER (NF EN14511) and of correction factors (grouped
below as CEER to take into account a possible variation of chilled water with outdoor air temperature,
the type of distribution system, the nature of the cold source and the part load control.

EERcorr = EERnom * CEER
This seasonal performance indicator is directly used to compute the electricity and/or gas consumption
by dividing the cooling requirements.
This method is going to be modified in the 2012 version of the French Thermal Regulation. The
method will be based on an hourly calculation of the cooling requirements, and an hourly value of the
EER, taking into account corrections from performance maps for non nominal temperature conditions
and part load performance curves.
Energy consumption measurement
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For buildings other than dwellings, whether the cooled area is larger than 400 m2, it should be installed
a system to measure the cooling energy consumption and the indoor temperature in at least one
temperature room by branch of the chilling network.
Existing buildings
Minimum requirements
For the installation of a new cooling system or the replacement of an existing one, provisions are
required on the solar factor of windows of the room with requirements to install blinds to reach the
required factors if needed.
In addition, the energy grade (CE/31/2002) of air conditioners with a cooling capacity lower than 12
kW should be higher than B. For other cooling generators, the EER (NF EN 14511) should be higher
than:
- Min EER for A35/A27 : 2.8
- Min EER for W30/A27 : 3
- Min EER for A35/W7 : 2.6
- Min EER for W30/W7 : 3
Controls
Pumps should be stopped when the system is not working.
Energy consumption measurement
For buildings other than dwellings, whether the cooled area is larger than 400 m2, it should be installed
a system to measure the cooling energy consumption and the indoor temperature in at least one
temperature room by branch of the cooling network system.
3. Air distribution systems
New construction
Reference characteristics
For dwellings, the reference system is a mechanically controlled exhaust system. Exhaust air handling
units in kitchen have two speeds. The reference fan power is of 0.25 W / m3h-1 and 0.4 W / m3h-1 if the
system is equipped of a F5 to F9 class filter. For dwellings with electric direct heating, the reference
ventilation system can modulate the flow.
For buildings that are not dwellings, the reference ventilation system is a mechanical balanced
ventilation system without heat recovery nor preheating. The impact of air leakage of the ventilation
system is taken into account. The reference fan power is of 0.3 W / m3h-1 and 0.45 W / m3h-1 if the
system is equipped of a F5 to F9 class filter.
Energy consumption follow up
For buildings that are not dwellings, whether the heated area is larger than 400 m2, it should be
installed a system to measure the time of operation of each handling unit.
Existing buildings
Minimum requirements
For dwellings, the maximum fan power allowed is of 0.25 W / m3h-1 and 0.4 W / m3h-1 if the system is
equipped of a F5 to F9 class filter.
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For buildings that are not dwellings, the reference fan power is of 0.3 W / m3h-1 and 0.45 W / m3h-1 if
the system is equipped of a F5 to F9 class filter.
Control
For buildings that are not dwellings, whether the heated area is larger than 400 m2, it should be
installed a timer to stop the mechanical ventilation system during inoccupation periods.
4. Health and safety
In France, the installation and construction of cooling towers is submitted to an authorization by the
French DRIRE (in charge of industry control regarding environment). Measurement of legionella
concentration levels is now frequent and the law now imposes cleaning of the heat rejection system
when certain concentration levels are reached. This is defined in French public health authority circular
97/311 on the disinfection of air conditioning systems.
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3.2.2

Germany

1. General
2. Air distribution systems
EnEV 2009 regulates AHU’s >4000 m3/h and air-conditioners with a cooling capacity >12 kW.
Mandatory: Minimum SFP4 level , automatic controls for humidity (if that is a fuction offered) and –if
the flow rate exceeds 9 m3 per m2 (net or building-) floor—area the air flow, insulation of piping and –
new and at replacement-- heat recovery at least at level H3. Applicable standards are EN 13779;2007
for SFP4 and EN 13053 for H3. For the constraints on operating hours DIN 18599-10 : 2007-02
applies. Pipe insulation (not relevant for ventilation systems) shall be in accordance with appendix 5.

Regulation
amending the German Energy Saving Ordinance (18.3.2009)37
Section 15
Airconditioning and other airhandling systems

(1) Upon installation in buildings of air‐conditioning systems with a cooling capacity of
more than twelve kilowatts and air handling systems for a volume power of delivery air of at
least 4 000 cubic metres per hour, as well as upon replacement of central devices or air duct
systems of such systems, these systems must be designed in such a way, that
1. the electrical power of the individual ventilators related to the delivery volume or
2. the weighted average value of the electric power of all delivery and exhaust air fans
related to the relevant delivery volume
does not exceed the threshold value of Category SFP 4 in accordance with DIN EN 13779 :
2007‐09 at design flow rate. The threshold value for Class SFP 4 can be increased by
tolerances according to DIN EN 13779 : 2007‐09 Part 6.5.2 for gas and HEPA filters as
well as heat feedback components of Classes H2 or H1 in accordance with DIN EN
13053.
(2) Upon installation of systems in buildings in accordance with paragraph 1 sentence 1 and
in the case of replacement of central controllers of such systems, if these systems are intended
to directly change the humidity of the ambient air, these systems must be equipped with
automatic regulating devices, in which separate target values for the humidification and
dehumidification can be set and the directly measured humidity of the supply or exhaust air
serves as a reference variable. If such devices are not present in existing systems in
accordance with paragraph 1 sentence 1, the operator must upgrade in the case of air
conditioning systems within six months of expiration of the relevant time limit in section
12 paragraph 3, in the case of other ventilation and air‐conditioning systems with
appropriate application of the time limits in section 12 paragraph 3.
(3) Upon installation of systems in buildings in accordance with paragraph 1 sentence 1 and
in the case of replacement of central controllers or air duct systems of such systems, these
systems must be furnished with devices for automatic regulation of flow rates depending on
the thermal and material loads or for timed setting of the flow rates if the supply air rate of
these systems per square metre of net floor area serviced exceeds nine cubic metres per hour,
in residential buildings per square metre of building floor space serviced. Sentence 1 does not
apply if increased supply air flow rates are required in the rooms serviced based on industrial
or health protection or if load changes cannot be ascertained either by technical measurement
or over the course of time.

37

http://www.zukunft-haus.info/fileadmin/zukunfthaus/energieausweis/Gesetze_Verordnungen/EnEV_2009_aktuelle_nichtamtliche_Lesefassung_180309_englisc
h_Internetversion__ohne_Formulare_.pdf
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(4) If cooling distribution and cold water pipes and fittings belonging to systems
within the meaning of paragraph 1 sentence 1 are initially installed or replaced in
buildings, their heat absorption is to be limited in accordance with Appendix 5.
(5) If systems in line with paragraph 1 sentence 1 are installed in buildings or central
controllers of such systems are replaced, these must be equipped with a device for heat
recovery which at least corresponds to Class H3 in accordance with DIN EN 13053 :
2007‐09. For the number of operating hours the general constraints on usage in
accordance with DIN V 18599‐10 : 2007‐02 are decisive, and for the air flow rate it is the
external air flow rate.

Table 1 - 67 . Passiv Haus Institute. Certification of of “Passive House suitable component – heat recovery
device”

Passive House Institute (Germany). Criteria for certification heat recovery device
Passive House – comfort
criterion

Minimum supply temperature of 16, 5 oC (at -10 oC outdoors)

Efficiency criterion (heat)

The effective dry heat recovery must be higher than 75% with balanced mass
flows at external temperature between -15 and +10 oC and dry extract air
(ca. 20 oC)
At the designed mass flow rate the total electrical power consumption of the
ventilation device may not exceed 0,45 W per (m3/h) of transported supply
air flow

Electrical efficiency criterion

Balancing and controllability

Outdoor air and exhaust air mass flows must be balanceable for the rated air
flow rate, with controllability of at least 3 levels (basic ventilation 70-80%,
standard ventilation 100%, increased ventilation 130%)

Sound absorption

Noise level in installation room < 35 dB(A), in living areas < 25 dB(A), in
functional areas < 30 dB(A)

Roomair hygiene

Outdoor filter at least F7, extract air filter at least G4

Frost protection

Frost protection for heat exchanger without supply air interruption, frost
protection for an air heater in case of failure of the extract air fan or frost
protection heater coil.

3.2.3

Ireland

1. General
The regulations that implement the EPBD impose calculated primary energy emission limits for new
buildings and for those that undergo major refurbishment. These do not define explicit performance
limits for systems or components. However, the need to meet the requirements places limits on
system performance and also provides an incentive to go beyond minimum permitted levels .
2. Cooling generators
There are no specific requirements
3. Air distribution systems
Irish Building Regulations stipulate maximum allowable system specific fan powers.
For new buildings this is 2.0 W/l/s and for new installations or major changes in existing buildings, 3.0
W/l/s. Higher (unspecified) values are permitted when the air conditioning is primarily for process
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rather than personal comfort. This explicitly includes: large kitchens, large conference rooms, sports
facilities and computer and communications rooms.
3.2.4

Netherlands

Current situation
The Building Regulations (Bouwbesluit 2003) contain the performance requirements on ventilation
airflow rates and on Energy Performance of the overall building. The method for determining the
energy performance of buildings is described in:
- NEN5128 : 2004,
“Energieprestatie van woonfuncties en woongebouwen –
Bepalingsmethode” for new residential dwellings
- NEN2916 : 2004, “Energieprestatie van utiliteitsgebouwen – Bepalingsmethode” for new
built non residential buildings
For Existing Buildings, the energy performance can be determined with the ISSO38 guidelines for
residential buildings (EPA-W) and non-residential buildings (EPA-U).
The method for determining the energy performance follows the holistic approach whereby the energy
use of the building for the five functions heating, cooling, hot water, ventilation and lighting is
calculated, assuming average occupation and average inhabitant behaviour, expressed in a single
figure called the Energy Performance Coefficient (EPC). This approach implies that no specific
performance requirements for the individual five functions applies, but that the overall energy
performance of these combined functions is assessed. In this context stakeholder will try to find the
cheapest way to comply with these EPC-requirements.
Currently there are energy performance requirements for new residential and non residential buildings.
For existing buildings it is only mandatory that an Energy Performance Assessment with related
Energy label can be presented when the building or dwelling is sold or rented.
The existing values for the EPC for new residential and non residential buildings (0,8, see table below)
result in a market situation where ventilation systems with heat recovery and/or IAQ-control are a
reasonably good alternative, but not strictly necessary to comply with the EPC-requirements.
Alternative approaches (better DHW-efficiency, higher U-values, etc.) can still prove to be a cheaper
way. With the expected higher values for residential buildings per jan. 1st 2011, the application of heat
recovery and IAQ-control is expected to become more or less standard.
Table 1 - 68 . Existing and expected values for the EPC of new buildings

Function of the building*
Residential

Existing EPCrequirement
0,8

Expected
EPCrequirement
0,6
(per Jan. 1
2011

Places of Assembly
Prison
Hospitals
Other health care functions
Offices
Hotels
Schools
Sports
Shops and supermarkets

st

2,0
1,8
2,6
1,0
1,1
1,8
1,3
1,8
2,6

* A non-residential building can have more functions (to be indicated as a percentage of overall building surface)

38

ISSO is a Dutch independant technical research center.
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The applicable rating scale for energy labels for residential and non-residential are presented in the
table below. With the current EPC requirements all new residential dwelling carry label A. Per 01-022011 the new residential dwellings will all have Energy label A+

Table 1 - 69 . NL Rating scale Energy Labels for Residential and non residential buildings.

A++
Residential
Non
Residential

≤ 0,50
≤ 0,50

A+

A

B

C

D

E

F

0,51 0,70
0,51 0,70

0,71 –
1,05
0,71 –
1,05

1,06 –
1,30
1,06 –
1,15

1,31 –
1,60
1,16 –
1,30

1,61 –
2,00
1,31 –
1,45

2,01 –
2,40
1,46 –
1,60

2,41 –
2,90
1,61 –
1,75

G
> 2,90
> 1,75

Future situation
Currently the new standard NEN7120, “Energy performance of Buildings – Determination method” is
being developed. This new standard will be applicable for all buildings (residential and non residential)
both for existing and new ones; it will replace NEN5128 and NEN2916, and also the EPA-W and EPAU methods from ISSO.
Simultaneously with this new NEN7120 standard, a new ventilation standard NEN8088 is being
developed based on EN 15242. One of the purposes of this new ventilation paragraph will be the
accommodation of the various new innovative ventilation systems that have been brought on the
market in the Netherland, in which the energy performance evaluation of the various ventilation
systems with their different heat recovery and controls solutions will play an important role.
3.2.5

Poland

Air distribution systems
In Poland minimum air flow rates are regulated in the Polish Standard PN-83 B-03430/Az3:2000 and
are fairly in line with EU standards.39 Minimum energy requirements are in the MSHP, Decree of
Minister of Spatial Planning and Housing MGPiB, Dec. 14 1994 r. (with amendments) Dziennik Ustaw.
Nr. 15/1999 poz. 140. It makes heat recovery ventilation mandatory for systems > 10.000 m3/h,
prescribes maximum leakage (<0,25% in plate heat exchangers, <5% in rotary wheels) and requires at
least G4 filters for heat exchangers and F6 filters for systems with humidifiers. Ductwork should
comply with maximum leakage coefficients (< 4,78 m3/(m2.h) at 400 Pa overpressure). Design
parameters for indoor air are given in PN-78/B-03421. 40
3.2.6

Portugal

1. General
The Portuguese national thermal regulation RCCTE (REGULAMENTO DAS CARACTERÍSTICAS DE
COMPORTAMENTO TÉRMICO DOS EDIFÍCIOS) establishes the minimum energy efficiency
requirements to reduce the HVAC energy needs.
This regulation applies to residential buildings and non-residential buildings with less than 1000 m²
(usage area) and in which the HVAC system nominal cooling capacity installed is less than 25 kW. In
39

J. Sowa (Warsaw University of Technology), Trends in the Polish building ventilation market and drivers for
change, Ventilation Information Paper no. 24, AIVC, May 2008.
40
Additional market info Poland: 120.000 air-conditioning units (all types, including multi-splits) with avg.
electricity consumption 3 kW were installed. Chillers: 2000 units with on average 60 kW power consumption.
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the case of a collective residential building, each apartment must be considered separately. For nonresidential buildings with more than 1000 m² another regulation is applied, the RSECE
(REGULAMENTO DOS SISTEMAS ENERGÉTICOS DE CLIMATIZAÇÃO EM EDIFÍCIOS)
RCCTE
The RCCTE is to be applied for new buildings and in case of retrofit if the retrofit cost is higher than
the reference value (reference value = 630€/m²). The RCCTE defines the minimum thermal
characteristics of the buildings shell such as: U values (W/m².K) of walls, roofs …, cold bridges and
the solar factor of windows.
It sets also the limits for heating/cooling needs, hot water heating needs and the total primary energy.
Heating nominal energy needs limit – Ni > Nominal heating energy needs –Nic
Cooling nominal energy needs limit – Nv > Nominal cooling energy needs –Nvc
Hot water nominal energy needs limit – Na > Nominal hot water energy needs –Nac
Total primary energy needs limit – Nt > Total primary energy needs – Ntc
Nominal cooling final useful energy needs (Nv) maximum value: Nv depends only of the local climate
zone.
a) Zone V1 (north), Nv=16 kWh/m2.year;
b) Zone V1 (south), Nv=22 kWh/m2.year;
c) Zone V2 (north), Nv=18 kWh/m2.year;
d) Zone V2 (south), Nv=32 kWh/m2.year;
e) Zone V3 (north), Nv=26 kWh/m2.year;
f) Zone V3 (south), Nv=32 kWh/m2.year;
g) Azores, Nv=21 kWh/m2.year;
h) Madeira, Nv=23 kWh/m2.year.
Total annual primary energy needs maximum value (Nt): 0.9 (0.01 Ni + 0.01 Nv + 0.15 Na)
(kgep/m².year)
The total annual primary energy needs calculation (Ntc) is calculated as follows.
Ntc = 0.1 (Nic/ηi)Fpui + 0.1(Nvc/ηv)Fpuv + Nac Fpua (kep/m².year )
Nic = (Qt + Qv – Qgu) / Ap (Final useful Heating energy needs)
Qt – conduction losses through building shell
Qv – ventilation losses
Qgu – thermal gains (internal and solar)
ηi – heating nominal efficiency
ηv – cooling nominal efficiency
Fpui - Conversion factor between useful energy and primary energy for the heating system
Fpuv - Conversion factor between useful energy and primary energy for the cooling system
Fpua - Conversion factor between useful energy and primary energy for the hot water system
Fpu_electricity = 0.29 kgep/kWh
Fpu solid, liquid and gas fuels = 0.086 kgep/kWh
Nvc = Qg . (1- η) / Ap
Qg – total brut gains
η - usage factor of energy gains
Ap – usage area (m²)
Nac = (Qa / ηa – Esolar – Eren) / Ap (hot water useful energy needs)
Qa – useful energy to heat hot water by conventional systems
ηa – Efficiency of the hot water system
Esolar – contribution of solar systems to hot water
Eren – contribution of any other renewable source to hot water
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RSECE
The RSECE (REGULAMENTO DOS SISTEMAS ENERGÉTICOS DE CLIMATIZAÇÃO EM
EDIFÍCIOS) is applied to non-residential buildings with more than 1000 m² and to HVAC system with a
nominal cooling power higher than 25 kW.
The requirements of the RSECE include the following sections:
-

-

Minimal quality of the building shell: U, solar factor (with requirements identical to the RCCTE
regulation).
Minimum levels of Ventilation.
Maximum power of HVAC systems to be installed: maximum of dynamic simulation (multizone) +
40 % ; simulations take into account sensible gains in non-permanent regime, building losses
through conduction, internal gains, ventilation, occupants, infiltrations, radiation gains and as well
loads due to the several components of the HVAC system, notably for the heating system
components, ventilation components, air conditioning components, pumps, ventilators,
dehumidification or terminal heating; calculation is made for each zone and for the simultaneous
maximum of all zones where the cooling system works.
Use renewable energies and cogeneration systems.
Maintenance plans.
Maximum primary energy consumption (heating/cooling, ventilation, pumps, lighting and all other
equipments on the building) through a fixed Energy efficiency index (IEE – Indicador de efficiencia
energética) by building type. Once the IEE is calculated the value is compared to a table that
contains the limit values for this index by building type.

Definition of the Energy efficiency index (IEE – Indicador de efficiencia energética)

IEE = IEEI + IEEV +
Qout – Energy consumption from other processes than heating and cooling (kgep/year)
Ap – usage area (m²)
IEEI – heating energy efficiency (kgoe/m².year)
IEEV – cooling energy efficiency (kgoe/m².year)

IEEI =

x FCI

IEEv =

x FCV

Qaq– heating energy consumption (kgoe /year)

Qarr– cooling energy consumption (kgoe/year)

FCI – Correction factor for heating
FCI = Ni1 / Niz

FCV – Correction factor for cooling
FCV = Nv1 / Nvz

Ni1/Nv1 - Maximal heating/cooling needs limits defined by the RCCTE for the reference climate zone
(I1)
Niz/Nvz - Maximal heating/cooling needs limits defined by the RCCTE for the climate zone (z) of the
building
NOTA: Conversion factor between useful energy and primary energy – (reference values for the
existing Portuguese energetic mix) : Electricity – 0.29 kgoe/kWh, Solid, liquid and gas fuel – 0.086
kgoe/kWh
Table 1 - 70 . RSECE, Annex 11, Maximal heating and heating + cooling primary energy consumption
values for tertiary buildings (kgep = kgoe, aquecimento = heating, arrefecimento = cooling)
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For new buildings, the heating and cooling energy consumption are calculated by simulation methods:
- Buildings with 500 m² <area< 1000 m² - a simplified method is applied
- Buildings with area >1000 m² - detailed simulation is used. It can be made a simulation zone by
zone and then to add the results each hour based on the EN ISO 13790 standard.
For existing buildings the global energy consumption should be determined, in normal operation,
through periodic energy audits (following the SCE - methodology). In case that the nominal
consumption exceeds the maximum defined value, an energy reduction plan should be put in place,
and the renovation should occur in the maximum delay of 3 years.
New buildings with less than 1000 m² and with a HVAC system of more than 25 kW should respect the
primary energy consumption requirements (heating/cooling, ventilation, pumps, lighting, all equipment
consuming energy) and they should not exceed by 80 % the maximum energy requirements for
heating and cooling as defined by the RCCTE.
However the existing buildings with less than 1000 m² and with a HVAC system larger than 25 kW do
not have any energy consumption limit.
Residential buildings affected by this regulation should not exceed 80 % of the maximum energy
needs for heating and cooling as defined by the RCCTE.
This is the main legislation of interest for the Lot 6 study since it contains the requirements on the
HVAC systems and components. In the following sections, main requirements on systems are
described.
2. Cooling generators
Power limitation and system preference

171

- The maximum installed power should not exceed for more than 40 % the results of the detailed
building simulation (the 40 % include the latent load). Some exceptions are allowed for hospitals,
hotels with more than 3 stars and other buildings where the lack of capacity could be unacceptable. In
these buildings the installation of reserve units to exceed the established limit is allowed.
- Centralized systems are mandatory for HVAC systems with more than 25 kW.
- If the sum of all HVAC systems in a tertiary building with different autonomous areas is superior to
100 kW a centralized systems should be installed.
- Heating by joule effect cannot exceed 5% of the thermal power of heating, with a maximum value of
25 kW.
- For systems dimensioned only for cooling purpose, the installation of re-heating equipment cannot
exceed 10% of the cooling power.
- Splits systems are only allowed in spaces with special thermal loads or special interior conditions or
do not exceed a total input power of 12 kW by building.
Efficiency
-

The nominal heating/cooling equipments efficiencies, expressed in final energy, should not be
lower than the values defined in the European directives.
All elements providing transportation of fluids should have motors with the minimum ranking EFF2.

System controls
In any HVAC system, it is mandatory to have a regulation and control system with the following
options:
- Limit the maximum and minimum comfort temperature
- Regulation of the heating/cooling power of the HVAC system to the building thermal needs.
- Possibility to limit or stop the HVAC system, by zones or group of zones, during the occupation
period or not.
- Minimal capacity stages of the cooling generators as a function of their nominal cooling capacity :
Table 1 - 71 . RSECE, cooling generator capacity steps as a function of total installed capacity

-

When possible the regulation and control system should allow its integration in a building energy
management system (BEMS).
Monitoring and energy management are mandatory for HVAC systems larger than 100 kW
A BEMS is mandatory for HVAC systems from 200 kW
HVAC systems of more than 250 kW must have an energy management system that allows the
central optimization of the HVAC parameters.

The following equipments are mandatory for new buildings and big renovations if it is economically
viable to install them.
- Geothermal systems (when available)
- Energy autonomous systems combined with thermal solar panels, photovoltaic panels, wind
turbines, ..., in places far from the public electric network
- Connection to district heating or cooling (if available)
Maintenance periodicity
-

Air conditioning equipments with useful nominal power from 12 to 100 kW – 3 years
Air conditioning equipments with useful nominal power higher than 100 kW – 1 year
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3. Air distribution systems
All elements providing transportation of fluids should have motors with the minimum ranking IE2.
4. Heat recovery and free cooling
Heat recovery and free-cooling
- It is mandatory* to recover the extracted air energy, in a heating station, with a minimum efficiency
of 50% if the extracted air thermal power is superior to 80 kW.
- In “All Air” HVAC systems with a flow of more than 10 000 m3/h, it is mandatory* the installation of
equipments allowing free-cooling.
* If economically viable.
5. Monitoring and Energy Audit
Monitoring HVAC systems
All HVAC systems covered by the RSECE need to have a dedicated metering system. Mandatory
measuring points are:
- Electric consumption of motors with power higher than 5.5 kW
- Clogging state of the air filter and water filter
- Exhaust gas from boiler with power higher than 100 kW
- Exterior air temperature
- Average indoor air temperature or for each zone where the is a distinct temperature control
- Water temperature in the primary circuits (going/return)
- Supply temperature of the air handling unit (AHU)
- Indoor air quality per “big” zone to condition (zones with big occupation levels or special
functioning conditions)
Audit requirements
- For existing buildings the heating and cooling energy consumption are based on an energy audit.
- The new buildings should pass through an audit before their usage and after 3 year the beginning of
usage.
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3.2.7

Spain

The Regulation on Indoor Heating/Air-conditioning Systems (Reglamento de Instalaciones Térmicas
en los Edificios – RITE) lays down the conditions that must be met by systems intended to provide
thermal comfort and hygiene by providing heating, air-conditioning, and hot water, so as to achieve a
rational use of energy. The requirements have been promulgated in the Royal Decree 1027/2007. This
decree is to be revised in 2012 since the RITE also creates an obligation to revise and update energy
efficiency requirements on a regular basis (at least once every 5 years). Autonomous regions may
introduce additional requirements41 and part of the decisions are also of their responsibility as the
frequency of the inspection of cooling generators.
1. General
The RITE applies to all air conditioning (in its broader acceptance) systems in human occupied
buildings, for new installation or refurbishment (while it leads to a modification of the installed
systems).
In addition of the process of the design, certification, maintenance, inspection … of these installations,
it defines the following requirements for these installations:
- technical requirements,
- hygiene and health requirements,
- energy efficiency requirements.
2. Cooling generators and distribution
Regarding temperature and humidity, indoor design conditions in terms of operative temperature are
set between 23 and 25 °C with relative humidity between 45 and 60 %. Nevertheless, in use, the dry
bulb indoor temperature should not be higher than 21 °C in winter and lower than 26 ° C in summer
and the relative humidity should be maintained between 30 % and 70 % (R.D. 1826/2009, 27th
November 2009).
Cooling generators
-

Information on part load EER and COP for design temperature conditions between the full
capacity and the minimum capacity step of the generator (and of the plant) is mandatory.
The leaving chilled water temperature should be maintained constant when the load varies,
exception should be justified.
The difference between the inlet and outlet water temperature at the evaporator should increase
with the capacity of the generator (or generators for a plant) in order to reduce the pump
consumption (within the limits fixed by the manufacturer).
In case of a plant with several generators, the plant should be designed to operate at optimal
efficiency whatever the load.
If the cooling load may be lower than the minimum step of the generator, supplementary
equipment (smaller generator or cooling storage) should be installed to cover this specific capacity
level.

Heat rejection
-

41

Air cooled chillers should be designed, according to the climate, for 0.4 % yearly or 1 % seasonal
design dry bulb temperature as defined in the technical construction code plus 3 °C. NOTA:
Evaporative cooling on existing air cooled generators is advised.
Cooling towers and evaporatively cooled condensers should be designed, according to the
climate, for 1 % seasonal design wet bulb temperature as defined in the technical construction
code plus 1 °C.
Cooling tower control is detailed: water temperature at the condenser inlet should be decreased
as low as allowed by the generator manufacturer.
Source: http://www.idae.es/
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-

Plants with several generators will be controlled in series whether the efficiency of individual
generators decreases at part load or in parallel if it increases at part load.

Water pipe insulation
Chilled water network losses should be limited to 4 % of the cooling capacity. Simplified and detailed
method are given to apply this requirement. Below 70 kW rated cooling capacity and for pipe
diameters with diameter smaller than 20 mm and shorter than 5 m length, a minimum insulation
thickness of 10 mm is acceptable (insulation coefficient for 10 K being of 0.04 W/(m.K)).
Terminal units
Water terminal units (e.g. fan coils) should be equipped with inlet and outlet valves and a means
(automatic or manual) to control the thermal capacity. One of the valves is destinated to pressure
equilibrium.
3. Ventilation and air distribution systems
Ventilation is mandatory in human occupied buildings. The RITE defines different control classes for
IAQ that are described in the table below. Classes C5 and C6 are mandatory in cinemas, theaters and
other rooms with high occupancy levels. It means that ventilation should be controlled a function of the
number of people or of the CO2 or VOC concentration.
Table 1 - 72 . RITE, classification of IAQ control in buildings

Air duct pressure losses
The leakage rate is defined in prEN 15727:2010 using the following equations:
f = c . p0.65
Where:
f is the leakage ratio in dm3 / (s.m2)
p the static pressure in Pa
c the coefficient that defines the leakage rate class.
4 classes of leakage are defined as reported in the table below:
Table 1 - 73 . RITE, air leakage classes

The air duct should be of class B or higher (C or D).
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In addition, the maximum admissible pressure losses by components of the aeraulic systems are
defined below:
Table 1 - 74 . RITE, aeraulic system individual components maximal pressure loss authorized

NOTA: the following corrections should be considered, heat recovery from 100 to 260 Pa (BOE núm.
51 Jueves 28 febrero 2008 12003)
Filters
- A prefilter is mandatory.
- Except for fresh air inlet filters, the relative humidity of air in a filter should be lower than 90 %.
- For heat recovery units, an F6 or more efficient filter should be installed.
Table 1 - 75 . RITE, filter classes to be installed as a function of the type of air and its quality

Fan products
SFP is limited to 750 W/(m3/s) for supply and exhaust ventilation systems, and to 2000 W/(m3/s) for air
conditioning systems.
For fan with flow rates larger than 5 m3/s, they should be equipped with an indirect metering and
control means. (NOTA: electronic variable frequency drive is advised by authorities for the control)
Air duct insulation for cooling systems
The same requirement as for pipes applies. Below 70 kW rated cooling capacity, a minimum insulation
thickness of 30 mm for indoor ducts and 50 mm for outdoor ducts is acceptable (insulation coefficient
for 10 K being of 0.04 W/(m.K)).
176

4. Heat recovery and free cooling
Free cooling
When the installed rated cooling capacity is higher than 70 kW, a free cooling system on air is
mandatory.
- for all air systems, maximum speed of exhaust and inlet air in the air handling unit should be
limited to 6 m.s-1. The mixing section efficiency should be higher than 75 %.
- For mixed systems (with water and air): for water cooled systems, the heat rejection media should
be used. For air cooled chillers, free cooling should be provided by an air/water coil located in
parallel with the chiller evaporator. Nevertheless, if proved to be equivalent in terms of
performance, free cooling through the refrigerant circuit (using the refrigerant as the heat carrier)
should be considered.
Heat recovery
Heat recovery is mandatory when installing a cooling system with fresh air flow rate superior to 0.5
m3. s-1. On the exhaust air flow, an adiabatic cooler should be installed. Minimum efficiency of the
heat recovery system and maximum pressure drop are given in the table below as a function of the
number of working hours of the installation and of the fresh air intake.
Table 1 - 76 . RITE, heat recovery minimum efficiency and maximum pressure drop

5. Monitoring and Energy Audit
Maintenance
Maintenance is mandatory. Points to be checked are specified as well as the frequency of these
verifications.
Performance assessment of cooling generators
Above 70 kW and below 1 MW, the efficiency should be calculated every 3 months and above 1 MW,
efficiency should be checked every month. Improvement recommendations should be notified to the
user.
Monitoring
For systems serving several users, the installation should be equipped with a system enabling to
partition the energy consumption.
- Above 70 kW, thermal generators should be equipped with meters for energy consumed and to
register the number of working hours.
- Above 20 kW, fans and pumps should also register the number of working hours as well as
compressors above 70 kW cooling capacity.
- Above 400 kW, the thermal energy should also be measured and sub-metering of the electric
consumption of the plant is mandatory.
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All required physical values required by the different interventions on the thermal installations should
be measured.
3.2.8

United Kingdom

1. UK General
The UK regulations that implement the EPBD impose calculated carbon emission limits for new
buildings and for those that undergo major refurbishment. These do not define explicit performance
limits for systems or components. However, the need to meet the requirements places limits on
system performance and also provides an incentive to go beyond minimum permitted levels.
Other parts of the regulations contain explicit performance requirements42. In particular, there are
performance requirements for chillers, ventilation heat recovery equipment and various aspects of
mechanical ventilation systems.
This information is contained in the “Non-domestic Building Services Compliance Guide: 2010
Edition”43 which, strictly speaking, applies to England and Wales but, in practice, is recognised in
Scotland and Northern Ireland. Tables of minimum requirements below and much of the text are taken
from that document. Strictly speaking the document only provides guidance offers recommendations
that are likely to be acceptable to building control departments. In practice, its contents are the normal
means of demonstrating compliance.
More demanding performance levels are required for some products for eligibility for Enhanced Capital
Allowances (ECAs) – accelerated depreciation for tax purposes. ECA may also be claimed for some
components of products such as motors and drives, and compact heat exchangers.
2. UK Air conditioners, condensing units and chillers requirements
2.1 Building Regulations: minimum performance requirements
There are minimum performance requirements for new installations of air conditioners and chillers for
comfort cooling in new and existing buildings. These are summarised below
For comfort cooling systems in new and existing buildings:
- the full load Energy Efficiency Ratio (EER) of each cooling unit of the cooling plant should be no
worse than in Table 1 - 77; and
- controls should be no worse than in Table 1 - 78.
Table 1 - 77 . Minimum Energy Efficiency Ratio (EER) for comfort cooling
Type
Packaged air conditioners

Minimum cooling plant full load EER
Single duct types

2.5

Other types

2.5

Split and multi-split air conditioners

2.5

Variable refrigerant flow systems

2.5

Vapour compression cycle chillers, water cooled <750 KW

3.85

42

The figures shown are due to come into force in the second half of 2010, in many cases being more demanding than
previously existing requirements
43
Compliance Guide ref (not yet published)
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Vapour compression cycle chillers, water cooled >750 kW

4.65

Vapour compression cycle chillers, air cooled <750 kW

2.5

Vapour compression cycle chillers, air cooled >750 kW

2.6

Water loop heat pump

3.2

Absorption cycle chillers

0.7

Gas engine driven variable refrigerant flow

1.0

Table 1 - 78 . Minimum controls for comfort cooling in new and existing buildings
Minimum controls
Cooling Plant

Multiple cooling modules should be provided with controls to provide the most efficient
operating modes for the combined plant

Cooling System

Each terminal unit capable of providing cooling should be capable of time and temperature
control either by its own or by remote controls.
In any given zone simultaneous heating and cooling should be prevented by a suitable
interlock.

Energy efficiency ratio (EER) means for chillers the ratio of the cooling energy delivered into the
cooling system divided by the energy input to the cooling plant as determined by BS EN 1451144. In
the case of packaged air conditioners, the EER is the ratio of the energy removed from air within the
conditioned space divided by the effective energy input to the unit as determined by BS EN 14511 or
other appropriate standard procedure. The test conditions for determining EER are those specified in
BS EN 14511.
2.2 Building Regulations: Calculation of Seasonal EER (SEER)
Although there is no direct regulation of SEER, it has to be calculated in order to carry out the
calculation of carbon emissions. The Compliance Guide describes how this should be done.
Where an industry approved test procedure for obtaining performance measurements of cooling plant
at partial load conditions exists, the SEER of the cooling plant may be estimated from the EER of the
cooling plant measured at partial load conditions, adjusted for the cooling load profile of the proposed
building.
For a single chiller well matched to the applied load, SEER is estimated using the following equation :

SEER = a(EER25) + b(EER50) + c(EER75) + d(EER100)
where
EERx is the EER measured at the defined partial load conditions of 100%, 75%, 50% and 25%
and
a, b, c, and d are the load profile weighting factors relevant to the proposed application.
Part load performance for individual chillers is determined assuming chilled water provision at full load
of 7ºC out and 12ºC in and maintaining 7 °C out constant, under the following conditions:
Table 1 - 79 . Operating conditions and their weighting factors to compute the ESEER
44

BS EN 14511-2:2007 Air conditioners, liquid chilling packages and heat pumps with electrically driven compressors for space
heating and cooling. Test conditions.
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Percentage part load

25%

50%

75%

100%

Air-cooled chillers ambient entering
air (ºC)

20

25

30

35

Water-cooled chillers entering
condenser water (ºC)

18

22

26

30

More generally, the value of the SEER to be used in the SBEM compliance calculation tool can be
calculated in a number of ways according to the availability of information and the application. The
following section describes how the SEER may be calculated for situations where suitable data exist to
a greater or lesser extent. The situations are:
a) chillers with no part load performance data;
b) unknown load profiles;
c) office type buildings;
d) other building types with known load profile data.
For chillers that have no part load data,
a)
the SEER is the full load EER.
Where the load profile under which the cooling plant operates is not known but there are some data on
chiller part load EER, then:
b)
for chillers where the full and half load (50%) EERs are known, the SEER is the
average of the EERs, ie the 100% and 50% are equally weighted;
c)

for chillers with four points of part load EER, the SEER is calculated using Equation 10
with each EER weighted equally, ie a, b, c and d each equal to 0.25;

d)

if the chiller used does not have data for four steps of load, then the weights are
apportioned appropriately.

For office type accommodation, the weighting factors in the table below can be taken as
representative of the load profile:
Table 1 - 80 . Operating conditions and their weighting factors to compute a ESEER for office buildings in
the UK
a

b

c

d

0.20

0.36

0.32

0.12

For other buildings with known load profile, the SEER may be derived as above using appropriate
weights and EERs at given loads.
Multiple-chiller systems: for systems with multiple-chillers for use in office buildings, combined EER
values may be calculated based on the sum of the energy consumptions of all the operating chillers. In
this case care must be taken to include all the factors that can influence the combined performance of
the multiple-chiller installation. These will include:
- degree of oversizing of the total installed capacity;
- sizing of individual chillers;
- EERs of individual chillers;
- control mode for the multiple-chiller – eg parallel or sequential;
- load profile of the proposed cooling load.
When these are known it may be possible to calculate a SEER which matches more closely the
proposed installation than by applying the simplifications described earlier.
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There is reference to the guidance on calculating the seasonal efficiency of cooling generators and
chillers contained in BS EN 15243:2007 but following it is not mandatory.
Reversible air conditioners and chillers should also satisfy the requirements for heat pumps in terms of
COP, as shown in the table below:
Table 1 - 81 . Recommended minimum COP for heat pump systems in existing and new buildings
Heat pump type
All heat pumps for space heating (except
absorption and engine heat pump)
Absorption
Engine

COP (Rating conditions EN 14511:2007)
2.2
0.5
1

Other requirements for heat pumps are given. They refer to the UK version of the EN 15450:2007
standard, which explicitely excludes “Systems designed primarily for cooling and systems which can
operate simultaneously in cooling and heating mode”.
2.3 Enhanced Capital Allowances (ECAs)
The ECA Scheme covers four categories of chillers :
- Air-cooled packaged chillers that provide cooling only and have a cooling capacity that is less than
or equal to 1,500 kW.
- Air-cooled, reverse cycle, packaged chillers that provide heating and cooling and have a cooling
capacity that is less than or equal to 750 kW.
- Water-cooled packaged chillers that provide cooling only and have a cooling capacity that is less
than or equal to 2,000 kW.
- Water-cooled, reverse cycle, packaged chillers that provide heating and cooling and have a
cooling capacity that is less than or equal to 2,000 kW.
To be eligible, products must incorporate the following items of equipment:
- One or more electrically powered compressors.
- One or more air-cooled or water-cooled condensers.
- One or more evaporators.
- A control system that ensures the safe, reliable and efficient operation of
- the product.
- And be CE Marked.

Where the product incorporates an integral free-cooling mechanism, it must be:
- Fully integrated into the packaged chiller unit during product manufacturing.
- Directly controlled by the product’s control system in a manner that maximises the
use of free cooling for outside air, dry bulb temperatures between 2.0 and 15.0 °C.
- Able to provide a cooling capacity at an outside air, dry bulb temperature of 2.0 °C
and an outlet water temperature of 7.0 °C that is at least (≥) 50 % of the cooling
capacity obtained at the standard rating condition specified in Table 2 below.
ECA Performance Criteria
Products must have a cooling energy efficiency rating (EER) that is equal to or greater than the values
set out in Table below, which vary with product category. In addition, reverse cycle products must
have a coefficient of performance (COP) equal to or greater than the values set out below.
Table 1 - 82 . UK Performance thresholds for packaged chillers

Product Category

Cooling Capacity (kW)

Performance
thresholds
Cooling
Heating
EER
COP
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Without integral
free cooling
1

2

3

4

Air-cooled packaged
chillers
that provide cooling
only.

mechanism

45

With integral free
cooling mechanism

Air-cooled, reverse cycle, packaged chillers that
provide heating and cooling

Water-cooled packaged chillers that provide
cooling only

Water-cooled, reverse cycle, packaged chillers
that provide heating and cooling.

Up to 100kW

>= 2.60

Over 100 to 500 kW

>=2.60

Over 500 to 750 kW

>= 2.70

Over 750 to 1,500 kW

>= 2.80

Up to 100kW

>= 2.50

Over 100 to 500 kW

>= 2.50

Over 500 to 750 kW

>= 2.60

Over 750 to 1,500 kW

>= 2.70

Up to 100kW

>= 2.70

>= 2.70

Over 100 to 500 kW

>= 2.70

>= 2.70

Over 500 to 750 kW

>= 2.80

>= 2.80

Up to 100kW

>= 4.10

Over 100 to 500 kW

>= 4.10

Over 500 to 750 kW

>= 4.50

Over 750 to 2,000 kW

>= 5.00

Up to 100kW

>= 4.10

>= 3.70

Over 100 to 500 kW

>= 4.10

>= 3.70

Over 500 to 750 kW

>= 4.50

>= 4.10

Over 750 to 2,000 kW

>= 4.60

>= 4.20

ECA Required test procedures
All products must be tested in accordance with the procedures set out in:
BS EN 14511: 2004 or 2007, “Air conditioners, liquid chilling packages and heat
pumps with electrically driven compressors for space heating and cooling”.
The product’s cooling capacity (kW), EER and COP must be determined at the standard rating
conditions set out in Table Table 1 - 83below, which vary by product category.
Table 1 - 83 . UK Standard rating conditions for Packaged Chillers

Product category

1

Cooling EER
AND Cooling capacity (kW)

Air-cooled packaged chillers that

BS EN 14511: 2004 or 2007

provide cooling only.

Table 10, Standard rating conditions,
Water

Heating COP

Air-cooled, reverse cycle,
2

3

4

packaged chillers that provide
heating and cooling.

Water-cooled packaged chillers

BS EN 14511: 2004 or 2007

BS EN 14511: 2004 or 2007

Table 10, Standard rating conditions,
Water

Table 9, Standard rating
conditions, Outdoor air.

BS EN 14511: 2004 or 2007

that provide cooling only.

Table 8, Standard rating conditions,
Water to water

Water-cooled, reverse cycle,

BS EN 14511: 2004 or 2007

BS EN 14511: 2004 or 2007

packaged chillers that provide

Table 8, Standard rating conditions,
Water to water

Table 7, Standard rating
conditions, Water

heating and cooling.

Enhanced Capital Allowances are also available for Evaporative Condensers but there are no
performance criteria.
45

Chillers “which include integral free cooling mechanism” do not require additional heat exchanger to
function in free cooling mode. This can be done either by adding a water-to-refrigerant heat exchanger
in parallel to the chiller condenser or by the adaptation of the refrigerant circuit (a pump must be
added) so that it can transfer heat, between the water to be cooled and the outdoor air via the
refrigerant fluid, when the compressor is stopped.
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Refrigeration condensing temperatures are also part of the ECA scheme. With the definition used,
refrigeration condensing units may also serve air conditioning application. The rating conditions used
and minimum requirements for the ECA scheme are specified in the table below. The COP in the table
is to be understood as an EER for air cooled air conditioner, the ratio of the refrigeration capacity to
the electric power of the unit.
Figure 1 - 39 . Performance thresholds for air-cooled condensing units at the UK rating points (ECA
scheme)

Temperature Category

Evaporating
temperature
(Dew Point)

Ambient
(condenser
temperature air‐on)

High temperature units

+5°C

20°C

Compressor
suction
gas
temperature
20°C

COP threshold
>=3,9

3 UK Air Distribution Systems
The “Non-domestic Building Services Compliance Guide:2010 Edition” contains minimum specific fan
powers different types of newly-installed ventilation systems. It also contains recommendations for
duct and air handling unit leakage. The requirements differ between new buildings and existing
buildings.
3.1 Scope
The guidance applies to the following types of air distribution system:
- central air conditioning systems;
- central mechanical ventilation systems with heating, cooling or heat recovery;
- all central systems not covered by the above two types;
- zonal supply systems where the fan is remote from the zone, such as ceiling void or roofmounted units;
- zonal extract systems where the fan is remote from the zone;
- local supply and extract ventilation units such as window, wall or roof units serving a single
area (eg toilet extract);
- other local ventilation units, eg fan coil units and fan assisted terminal VAV units.
3.2 Definitions
Air conditioning system means a combination of components required to provide a form of air
treatment in which temperature is controlled or can be lowered, possibly in combination with the
control of ventilation, humidity and air cleanliness.
Ventilation system means a combination of components required to provide air treatment in which
temperature, ventilation and air cleanliness are controlled.
Central system means a supply and extract system which serves the whole or major zones of the
building.
Local unit means an unducted ventilation unit serving a single area.
Zonal system means a system which serves a group of rooms forming part of a building, ie a zone,
where ducting is required.
Demand control is a type of control where the ventilation rate is controlled by air quality, moisture,
occupancy or some other indicator for the need of ventilation.
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Specific fan power of an air distribution system (SFP) means the sum of the design circuit-watts of the
system fans that supply air and exhaust it back outdoors, including losses through switchgear and
controls such as inverters (ie the total circuit-watts for the supply and extract fans), divided by the
design air flow rate through that system.
The specific fan power of an air distribution system should be calculated according to the procedure
set out in EN BS 13779:200746 Annex D Assessing the power efficiency of fans and air handling units
– Calculating and checking the SFP, SFPE and SFPV.

Psf + Pef
SFP =
q
where:
SFP is the specific fan power demand of the air distribution system (W/l/s);
Psf is the total fan power of all supply air fans at the design air flow rate, including power losses
through switchgear and controls associated with powering and controlling the fans (W);
Pef is the total fan power of all exhaust air fans at the design air flow rate including power losses
through switchgear and controls associated with powering and controlling the fans (W);
q is the design air flow rate through the system, which should be the greater of either the supply or
exhaust air flow (l/s). Note that for an air handling unit, q is the largest supply or extract air flow
through the unit.
External system pressure drop means the total system pressure drop excluding the pressure drop
across the air handling unit (AHU).
3.3 Criteria
Air distribution systems in new and existing buildings should meet the following minimum standards:
a) air handling systems should be capable of achieving a specific fan power at 25 % of design
flow rate no greater than that achieved at 100 % design flow rate;
b) in order to aid commissioning and to provide flexibility for future changes of use, reasonable
provision would be to equip with variable speed drives those fans that are rated at more than
1100 W and which form part of the environmental control system(s), including smoke control
fans used for control of overheating. The provision is not applicable to smoke control fans and
similar ventilation systems only used in abnormal circumstances;
c) In order to limit air leakage, ventilation ductwork should be made and assembled so as to be
reasonably airtight. Ways of meeting this requirement would be to comply with the
specifications given in:
o HVCA DW14447. Membership of the HVCA specialist ductwork group or the
Association of Ductwork Contractors and Allied Services is one way of demonstrating
suitable qualifications; or
o British Standards such as BS EN 1507:200648, BS EN 12237:200349 and BS EN
13403:200350.

46

EN BS 13779:2007 Ventilation for non-residential buildings – Performance requirements for ventilation and roomconditioning systems.

47

Ductwork Specification DW/144 Specifications for sheet metal ductwork – Low, medium and
high pressure/velocity air systems (Appendix M revision 2002), HVCA, 1998.
48
BS EN 1507:2006 Ventilation for buildings – Sheet metal air ducts with rectangular section –
Requirements for strength and leakage.
49
BS EN 12237:2003 Ventilation for buildings – Ductwork – Strength and leakage of circular
sheet metal ducts.
50
BS EN 13403:2003 Ventilation for buildings – Non-metallic ducts – Ductwork made from
insulation ductboards.
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d) in order to limit air leakage, air handling units should be made and assembled so as to be
reasonably airtight. Ways of meeting this requirement would be to comply with Class L2 air
leakage given in BS EN 1886:199851;
e) the specific fan power of air distribution systems at the design air flow rate should be no worse
than in Table 1 - 84for new buildings and in Table 1 - 88 for existing buildings;
f) where the primary air and cooling is provided by central plant and an air distribution system
which includes the additional components listed in Table 1 - 85, the allowed specific fan
powers may be increased by the amounts shown in Table 1 - 85to account for the additional
resistance;
g) pressure drops for air distribution systems in new buildings should not generally exceed the
values given in Table 1 - 84. Exceptions may be made for certain systems such as those with
high velocities needed for long throws over 20m;
h) a minimum controls package should be provided in new and existing buildings as in Table 38.

Table 1 - 84 . UK Maximum specific fan powers and pressure drop in air distribution systems in new
buildings
Maximum SFP, W/l/s

Maximum external system
pressure drop, Pa

Central mechanical ventilation system including heating and
cooling

1.8

400 supply

Central mechanical ventilation system including heating only

1.6

System type

250 extract
400 supply
250 extract

All other central mechanical ventilation systems

1.4

400 supply
250 extract

Zonal supply system where the fan is remote from the zone, such
as ceiling void or roof mounted units

1.2

200

Zonal extract system where the fan is remote from the zone

0.6

200

Zonal supply and extract ventilation units such as ceiling void or
roof units serving a single room or zone with heating and heat
recovery

2.0

150

Local supply and extract ventilation system such as wall/roof
units serving a single area with heating and heat recovery

1.8

150

Local supply or extract ventilation units such as
window/wall/roof units serving a single area (eg toilet extract)

0.4

30

Other local ventilation units

0.6

30

Fan assisted terminal VAV unit

1.2

30

Fan coil units (rating weighted average*)

0.6

30

Notes:
* The rating weighted average is calculated by the following formula

Pmains,1.SFP1+Pmains,2.SFP2+Pmains,3.SFP3+...
Pmains,1+Pmains,2+Pmains,3+...
where Pmains is useful power supplied from the mains, W.

51

BS EN 1886:1998 Ventilation for buildings – Air handling units – Mechanical performance.
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Table 1 - 85 . UK Extending SFP for additional components
Component

SFP, W/l/s

Additional return filter for heat recovery

+0.1

HEPA filter

+1.0

Heat recovery – thermal wheel system

+0.3

Heat recovery – other systems

+0.3

Humidifier/dehumidifier (air conditioning system)

+0.1

Table 1 - 86 . UK Minimum controls for air distribution systems in new and existing buildings from BS EN
15232:200740
System type

Minimum controls package

Central mechanical ventilation system
including heating, cooling or heat
recovery

Central mechanical ventilation system
including heating or heat recovery

Air flow control at the
room level

Time control

Air flow control at the air
handler level

On/off time control

Heat exchanger
defrosting control

With defrosting control – during cooling periods a
control loop enables to warranty that the air
temperature leaving the heat exchanger is not too
low to avoid frosting

Heat exchanger
overheating control

With overheating control – during cooling periods
where the effect of the heat exchanger will no
more be positive a control loop stops modulates
or bypass the heat exchanger

Supply temperature
control

Variable set point with outdoor temperature
compensation

Air flow control at the
room level

Time control

Air flow control at the air
handler level

On/off time control

Heat exchanger
defrosting control

With defrosting control – during cooling periods a
control loop enables to warranty that the air
temperature leaving the heat exchanger is not too
low to avoid frosting

Heat exchanger
overheating control

With overheating control – during cooling periods
where the effect of the heat exchanger will no
more be positive a control loop stops modulates
or bypass the heat exchanger

Supply temperature
control

Demand control

Table 1 - 87 . UK Minimum controls for air distribution systems in new and existing buildings from BS EN
15232:2007147
System type
Zonal system

Minimum controls package
Air flow control at the room
level

On/off time control

Air flow control at the air
handler level

No control

Supply temperature contro

No control
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Local system

Air flow control at the room
level

On/off

Air flow control at the air
handler level

No control

Supply temperature control

No control

Table 1 - 88 . UK Maximum specific fan powers in existing buildings
System type

Maximum SFP, W/l/s

Central balanced mechanical ventilation system including heating and cooling

2.2

Central balanced mechanical ventilation system including heating only

1.6

All other central balanced mechanical ventilation systems

1.8

Zonal supply system where the fan is remote from the zone, such as ceiling void or roof mounted units

1.5

Zonal extract system where the fan is remote from the zone

0.6

Zonal supply and extract ventilation units such as ceiling void or roof units serving a single room or zone
with heating and heat recovery

2.0

Local balanced supply and extract ventilation system such as wall/roof units serving a single area with
heating and heat recovery

1.8

Local supply or extract ventilation units such as window/wall/roof units serving a single area (eg toilet
extract)

0.5

Other local ventilation supply and/or extract units

0.6

Fan assisted terminal VAV unit

1.2

Fan coil units (rating weighted average*)

0.6

Notes:
* The rating weighted average is calculated by the following formula

Pmains,1.SFP1+Pmains,2.SFP2+Pmains,3.SFP3+...
Pmains,1+Pmains,2+Pmains,3+...

where Pmains is useful power supplied from the mains, W.

4. UK Heat Recovery Equipment
There are minimum performance requirements for new installations in new or existing buildings. In
addition, these products can be eligible for Enhanced Capital Allowances if they satisfy more
demanding requirements.52
4.1 Minimum performance requirements
Air supply and extract ventilation systems including heating or cooling should be fitted with a heat
recovery system. The application of a heat recovery system is described in 6.5 of BS EN
13053:200653. The methods for testing air-to-air heat recovery devices are given in BS EN 308:199754.
52

Note that the minimum performance requirements shown are new values for 2010, while the ECA
values are from 2009. In some cases the former are more demanding than the latter, but this is likely
to be corrected by revison to the ECA values.
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The minimum dry heat recovery efficiency with reference to the mass flow ratio 1:1 should be no less
than given in the table below.

Table 1 - 89 . UK Minimum dry heat recovery efficiency for heat exchangers in new and existing buildings
Heat exchanger type

Dry heat recovery efficiency, %

Plate heat exchanger

50

Heat pipes

60

Thermal wheel

65

Run around coil

45

4.2 Enhanced Capital Allowances
ECA Performance criteria
Products must have:
• A net sensible effectiveness at the product’s maximum rated air flow under balanced flow
conditions that is greater than or equal to the values set out in the table below.
• A pressure drop across each side of the heat exchanger(s) within the product at the product’s
maximum rated air flow that is less than the values set out in the table below.
Table 1 - 90 . UK Performance requirements for air-to-air recovery products.

Product category

Net sensible
effectiveness

Pressure drop
(in pascals)

1

Plate heat exchangers

>= 49%

< 250 Pa across each side

2

Rotating heat exchangers

>= 68%

< 200 Pa across each side

3

Run-around coils

>= 45%

<100 Pa across each air side and < 25
kPa across each water side

4

Heat pipe heat exchangers

>= 49%

<200 Pa across each side.

ECA Required test procedures
All products must be tested in accordance with the relevant procedures and test conditions in one of
the following standards:
- BS EN 308:1997 “Heat Exchanger: Test procedures for establishing performance of air to air and
flue gases heat recovery devices”.
- ANSI / AHRI 1060:2005 “Performance rating of air-to-air heat exchangers for energy recovery
ventilation”, Air-conditioning, Heating & Refrigeration Institute.
- JIS B 8628: 2003, “Air to air heat exchanger”.
- Other equivalent test standards where the resulting performance data can be
- scientifically proven, using the methodologies in ANSI/ASHRAE Standard 84-2008 “Method of
Testing Air-to-Air Heat/Energy Exchangers”, to be equivalent to that obtained under BS EN
308:1997. Where the net sensible effectiveness should be calculated using the formulae in
Appendix C3 of AHRI 1060:2005, and the test data collected when rating the product’s
performance in heating mode at the test conditions specified in the selected standard.
Where the product is not tested in accordance with AHRI 1060: 2005, then the Exhaust Air Transfer
Ratio (EATR) may be determined using the internal exhaust air leakage rate obtained under section

53

BS EN 13053:2006 Ventilation for buildings – Air handling units – Rating and performance for units,
components and sections.
54
BS EN 308:1997 Heat exchangers – Test procedures for establishing the performance of air to air
and flue gases heat recovery devices.
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5.3 of BS EN 308: 1997, or the carryover mass flow rate obtained under section 5.4 of BS EN 308:
1997 (as appropriate), or the leaking rate obtained under section 3.1.5 (b) of JIS B 8628: 2003.
For run-around coils, EATR value of zero should be used when calculating net sensible effectiveness.
Where products are too large to be been tested at their maximum rated air flow under the standard
test conditions specified in AHRI 1060: 2005, BS EN 308: 1997 or JIS B 8628: 2003, then
performance data obtained at other test conditions may be extrapolated using validated models (or
correlations), in accordance with the methodology outlined in Appendix D of ANSI/ASHRAE Standard
84-2008.
5. Energy consumption assessment
Current estimates for annual energy use by central air-conditioning systems in the UK is 7313 GWh,
which compares to 9325 GWh for packaged air-conditioning. This is believed to be predominantly in
offices and retail premises, although recent data on this is sparse.
Air conditioning energy consumption varies with building type, climate, system type, component
performance and quality of management. In the UK, empirical data exist for offices (shown below),
which illustrates the wide range that is possible in similar situations, and that the auxiliary energy can
easily exceed the energy used for cooling.
Table 1 - 91 . UK Benchmark Energy Consumptions for Office Air Conditioning (KWh/m2)

UK Benchmark Energy Consumptions for Office Air Conditioning (KWh/m2)
Standard Office
Prestige Office
Good Practice
Typical
Good Practice
Typical
Cooling
14
31
21
41
Auxiliary Energy
30
60
36
67
Humidification (if
8
18
12
23
present)
Function

Calculations suggest that existing retail premises have cooling consumptions of the order of 90
kWh/m2 and auxiliary energy consumptions of about 32 kWh/m2.
However, changing preferences for system types and pressures from more demanding Building
Regulations (in part reflecting the impact of the EPBD) are believed to have reduced the consumptions
for new buildings. In particular, the move away from air-based systems has reduced auxiliary energy
use, supported by regulatory restrictions on specific fan power. The regulatory limit (and associated
calculation software) on calculated whole-building carbon emissions exerts pressure on energy
consumption by lighting – reducing cooling demands and therefore consumption – and encourages
the choice of more efficient air conditioning systems and components.
Table 1 - 92 . Example UK Calculations of Air-Conditioning Energy Use (kWh/m2)

Example UK Calculations of Air-Conditioning Energy Use (kWh/m2)
Large Office
Retail
Cooling
Auxiliary Energy
Cooling
Auxiliary Energy
1995 Regulations
38
49
91
32
2006 Regulations
23
9
92
15
Technically
18
5
14
7
Feasible
These figures are optimised for the whole building and include, for example, changes to lighting
efficiency.
The sensitivity of (calculated) consumption is illustrated by the diagram below. Each bar represents a
system type, the ranges for each bar show the impact of different component choices.
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Figure 1 - 40 . UK Example of Air Conditioning Consumption (cooling plus auxiliary energy)

Example of Air Conditioning Consumption (cooling
plus auxiliary energy)
Annual Consumption kWh/m2

200
180
160
140
120
100
80
60
40
20
0
Chilled Ceiling
and
Displacement
Ventilation

Split system
and Natural
Ventilation

Fan Coil
System

Variable Air
Volume

Constant Air
Volume

Terminal
Reheat

6. Health and safety
In the UK, the relevant guidance is the Health and Safety Authority Guide “The control of legionella
bacteria in water systems. Approved Code of Practice and guidance” . This approved code of practice
and guidance gives practical advice on the requirements of the Health and Safety at Work etc Act
1974, and the Control of Substances Hazardous to Health 1999, concerning the risk from exposure to
legionella bacteria. The Code also gives guidance on compliance with the relevant parts of the
Management of Health and Safety at Work Regulations 1999. It includes risk assessment and
management, guidance on management and treatment of cooling towers, treatment programmes.
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3.3.

SUBTASK 1.3.3 - THIRD COUNTRY LEGISLATION

A complete overview of the USA legislation is given. This broader overview will be useful at different
steps of the study. Useful information is also given for Canada, Japan, Australia and China. Other
relevant third country information is given in the synthesis on legislation by product category in part
3.4.

3.3.1. AUSTRALIA
Australia set ambitious energy efficiency targets on air conditioners of all sizes and for chillers. For the
non residential products, MEPS are mandatory and labeling is voluntary.
Regarding air to air and water to air air conditioners, the MEPS are set in terms of full load
performances. Starting from 2011, the full load EER T1 is replaced by an “annual EER” value
computed for a typical annual operating profile including low power mode consumption. In the same
manner, the heating mode coefficient of performance COP is replaced with a ACOP.
Thus for air to air and water to air (reversible) air conditioners:
- EER is the ISO 5151 T1 rated performance55
- COP is the ISO 5151 H1 rated performance
- AEER is the ISO 5151 rated performance decreased of the annual impact of low power mode
consumption during the cooling season
- EER is the ISO 5151 rated performance decreased of the annual impact of low power mode
consumption during the heating season
AEER and ACOP are computed as follows (AS/NZS 3823.2:2009):
An assumed usage of 2000 hours per year is used to calculate the annual EER/COP.
[Tested output × 2000] / [Tested input × 2000 + Non-operational Power × 6.76]
Where:
- Tested output is the measured output in kW for cooling at ISO 5151 T1 condition *
- Tested input is the measured input in kW for cooling at ISO 5151 T1 condition *
- Non-operational power is the maximum of off mode, standby mode or crankcase heater power, in
Watts
* except for heating only products where it is based in heating output (ISO 5151 H1 condition)
This equation assumes that the product is used for 1000 hours for heating or cooling or a combination
of both modes (ie non operating period is 7760 hours per year for all products).
In cases where the manufacturer can provide evidence of a crankcase heater that has a positive
temperature coefficient or where the operation and energy consumption of the heater is controlled on
the basis of ambient conditions, the non operational energy in the equation above can be substituted
for the estimated annual energy consumption based on hourly temperature data NatHERS AccuRate
Climate Zone 28 (Richmond, NSW) scaled by a factor of 7760/8760.
Table 1 - 93 . MEPS: MINIMUM EER FOR AIR COOLED CONDENSER AIRCONDITIONERS (from AS/NZS
3823.2‐2009)

Product Description

MEPS
2006‐07

MEPS
2010

MEPS
2011(**)

Unitary (*) ‐ all types, <10kW, all phases

2.75

2.84

2.84

Unitary (*) – all types, 10kW to <19kW, all phases

2.75

2.75

2.75

55

ISO 5151 T1 condition is the standard testing condition in cooling mode for air cooled air
conditioner, the same as the EN14511 standard condition (35 °C outdoor air / 27 °C dry bulb and 10
°C wet bulb inlet indoor air). ISO 5151 H1 is the standard testing condition in heating mode (7 °C
outdoor air / 20 °C inlet indoor air).
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Split systems – all types, <4kW, all phases

3.05

3.33

3.33

Split systems – all types, 4kW to <10kW, all phases

2.75

2.93

2.93

Split systems – all types, 10kW to <19kW, all phases

2.75

2.75

2.75

Ducted systems – all types, <19kW, single phase

2.50

2.75

2.75

Ducted systems – all types, <10kW, three phase

2.50

2.75

2.75

Ducted systems – all types, 10kW to <19kW, three phase

2.75

2.75

2.75

All configurations, all types, 19kW to 39kW, all phases

3.05

3.05

3.05

All configurations, all types, <39kW to 65kW, all phases

2.75

2.75

2.75

(*) unitary refers here to window and package units.
(**) values based on « annual EER »
Table 1 - 94 . MEPS—MINIMUM REQUIREMENTS FOR WATER SOURCE HEAT PUMPS AND AIR
CONDITIONERS AT RATED CAPACITY

Minimum
EER and/or
COP56

Cooling and/or Heating Capacity

Minimum
AEER
and/or
ACOP

1 Apr 2010 1 Apr 2011
3.50
3.50
3.20
3.20

<39.0 kW
≥39.0 kW

NOTE: This table includes requirements for air conditioners with water cooled
condensers and water sourced heat pumps.
In addition to MEPS and voluntary labeling, the legislation requires air conditioners to be compatible
with a DRED (Demand Responsible Enabling Device). The standard AS 4755.3.1—200857 specifies 3
responses the air conditioner should provide when receiving demand response signals. The air
conditioners should be able 1) to cut the compressor, 2) to reduce the average power over the air
conditioner by one half, and 3) by 75 %. The reduction is an average over 30 mn and should become
effective within 10 s after reception of the demand response signal.
Regarding chillers, Australia uses COP58 and IPLV (US AHRI 550/590-2003) to set MEPS
requirements. The present values are shown in the first table below while values planned for further
regulation are shown in the second table below.
Table 1 - 95 . MEPS—MINIMUM REQUIREMENTS FOR CHILLERS

Capacity
(kWR)
< 350

Minimum COP (SI EER)

Minimum IPLV

Air cooled

Water
cooled

Air cooled

Water
cooled

NA

NA

NA

NA

56

Here, for reversible air conditioners, COP refers to the heating mode coefficient of performance, for
ISO 5151 H1 conditions.
57
AS 4755.3.1—2008 www.standards.org.au © Standards Australia. Demand response capabilities
and supporting technologies for electrical products.
58

COP is the standard EER used in Europe (EN14511 standard) but is noted COP and not EER in the
USA and in Australia to distinguish US units (Btu.h-1/W) from SI units (W/W).
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350-499

2.70

5.00

3.70

5.50

500-699

2.70

5.10

3.70

6.00

700-999

2.70

5.50

4.10

6.20

1000-1499

2.70

5.80

4.10

6.50

> 1500

2.70

6.00

4.10

6.50

Table 1 - 96 . MEPS—MINIMUM REQUIREMENTS FOR CHILLERS AS FORESEEN FOR NEXT REGULATION
UPDATE

(kWR)

Minimum COP (SI EER)
Air cooled
Water cooled
Path A
Path B
Path A
Path B
2.70
NA
4.50
4.40
2.70
NA
5.00
5.00
2.70
NA
5.10
5.10
2.70
NA
5.50
5.50

Minimum IPLV
Air cooled
Water cooled
Path A
Path B
Path A
Path B
3.70
NA
5.5
5.9
3.70
NA
5.7
6.7
3.75
NA
6.0
7.8
4.10
NA
6.2
7.8

< 350
350‐499
500‐699
700‐999
1000‐
1499
2.70
NA
6.00
6.00
4.10
NA
6.5
8.8
> 1500
2.70
NA
6.20
6.20
4.10
NA
6.5
8.8
NOTE:
1. Path A is intended for applications where significant operating time is expected at full load and
design ambient conditions. On the other hand, Path B is an alternative set of efficiency levels for
water‐cooled liquid‐chilling packages intended for applications where significant time is expected at
part load. All Path B liquid‐chilling packages are required to be equipped with demand limiting
controls. Compliance with the Standard can be achieved by either meeting the requirements of Path
A or Path B. However, both full load and IPLV levels must be met to fulfil the requirements of Path A
or Path B.
2. Above capacities of 499, 699, 999 and 1499 cover all decimal values up to the next whole number.
The Eurovent and AHRI (USA) certification scheme are acknowledged by the Australian government.

3.3.2. CANADA
Energy efficiency legislation on energy consuming products is enabled by the Energy Efficiency Act
and implemented in the Energy Efficiency Regulation that lists all the minimum performance criteria for
energy consuming products. For residential products, an “energy guide label” is required although it is
not for commercial products.
Regarding products relevant to this study, minimum performance requirements are required for the
following energy consuming products:
•

Internal water-loop heat pumps

•

Large air conditioners, heat pumps and condensing units

•

Packaged terminal air conditioners and heat pumps

•

Single-phase and three-phase single-package central air conditioners and heat pumps

•

Single-phase and three-phase split-system central air conditioners and heat pumps

•

Chillers

Minimum performance requirements are generally in line with the ASHRAE 90.1 2007 standard and
the CSA standard in line with the USA standards referred to in the ASHRAE 90.1 standard. Regarding
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split and package central air conditioners and heat pumps, the minimum seasonal performance value
in heating mode is based on the coldest zone in the AHRI 210/240 standard (zone V) instead of the
average zone IV used in the USA.

3.3.3. CHINA
China adopted labelling requirements for numerous energy using products. These requirements are
defined for each product in the specific standard as shown in the table below.
China presently uses both full load metrics (supposedly for similar test conditions as in international or
USA standards) and part load metrics.
Regarding part load, the IPLV index presently used in GB21454— 2008 is thought to be the IPLV for
air cooled unitary air conditioners used before the IEER in the USA (ARI 210/240:2008 and ARI
340/360:2007).
According to (CNIS, 2009)59, the SEER is an adaptation of the Japanese SEER for air conditioners
with a Chinese typical climate for cooling (see the JRA4046:2004 standard on page 122 of this report
for more details). The adaptation of an APF indicator (Annual Performance Factor, weighted average
indicator of heating and cooling seasonal performance indices), as used in Japan, is not yet defined.

Table 1 - 97 . Energy label definitions for air conditioners and chillers in China (CNIS, 2009)

TYPE

Stand
No.

Title

Room Air‐
conditioners

GB12021
,3‐ 2004

Unitary Air‐
conditioners

GB19576
‐ 2004

Water Chiller

GB19577
‐ 2004
GB21454
— 2008

The minimum allowable values of energy efficiency
and energy efficiency grades for Room Air‐
conditioners
The minimum allowable values of energy efficiency
and energy efficiency grades for unitary Air‐
conditioners
The minimum allowable values of energy efficiency
and energy efficiency grades for water Chiller
The minimum allowable values of energy efficiency
and energy efficiency grades for Multi‐connect Air‐
conditioners
The minimum allowable values of energy efficiency
and energy efficiency grades for Variable‐speed
Room air‐conditioner

Multi‐connect
Air‐
conditioners
Variable‐speed
Room air‐
conditioner

GB21455
‐ 2008

Effi‐
ciency
Index
EER

Futur

EER

APF

COP

IPLV

IPLV

IPLV

SEER

APF

APF

The table above also includes the planned indices used in the coming years. Regarding chillers and
multi-split air conditioners, the USA metrics plan to be used. For residential air conditioners, either with
fix speed compressor or variable speed, China plans to adopt a APF factor, certainly built upon the
JRA 4046 standard. “Multi-connect Air-conditioners” are VRF systems and the standard is similar to
the USA AHRI 1230 standard for VRF systems but still based on the older IPLV metrics.
Energy efficiency labels for air conditioners and chillers can be found in (Lu, 2007)60. Grade 5 is in
practice a minimum performance requirement.
59

Cheng Jianhong, China National Institute of Standardization, The Seasonal Energy Efficiency
(SEER) of Air conditioners in China, Proceedings of Workshop on APEC SEER, Howard Plaza Hotel
Taipei, Chinese Taipei, 5-6 October 2009.
60
Wei Lu, Potential energy savings and environmental impacts of energy efficiency standards for
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Table 1 - 98 . Energy grades (in terms of Energy Efficiency Ratio - EER – thought to be comparable to ISO
5151 values used in Europe) for air conditioners and chillers in China (Lu, 2007

3.3.4. JAPAN
Japan is rather a country of air conditioning by direct expansion systems. The common heating system
in dwellings in Japan is the split system with VRF and commercial packages being well developed in
the tertiary sector, there in competition with gas. The building regulation requires maximum heating
plus cooling energy consumption taking into account the climate variation (METI, 2009)61.
In addition, there are Top Runner performance requirements for residential and business air to air
conditioners. Top Runner program target efficiency values are fixed in year N based on an evaluation
of the best available technology and fixed for 2 to 4 years later as the target the sales weighted
average efficiency should reach. The Top Runner labeling information shows the ratio between the
value of the efficiency of the piece of equipment and the target as a percentage.
Regarding air conditioners, 2007 is the latest fiscal year with target on the full load efficiency. The
targets are COP values, i.e. for reversible units, to be understood as “(EER+COP) / 2” with ISO
notations. These targets are still active and are reported below.
The EER and COP are the reference ISO 5151, as used in Europe.
Table 1 - 99 . Japan full load MEPS for air conditioners

vapor compression central air conditioning units in China, Energy Policy, Volume 35, Issue 3, March
2007, Pages 1709-1717, ISSN 0301-4215, DOI: 10.1016/j.enpol.2006.05.012.
61
(METI, 2009) Standards of Judgment for Construction Clients and Owners of Specified Buildings on
the Rational Use of Energy for Buildings (Announcement No. 3 of the Ministry of Economy, Trade and
Industry/Ministry of Land, Infrastructure and Transport on 30 January, 2009)
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In addition to these full load targets, new targets are planned in terms of APF or energy consumption
value E. Both take into account a weighted average of a SEER for the cooling season and a HSPF62
for the heating season with the climate of Tokyo. It is not possible to compare directly with standard
EER and COP values with APF and energy consumption because these seasonal indicators take
account of part load performance and of the impact of outdoor air temperature on the performance,
while EER and COP do not
The calculation method of the HSPF and of the APF are discussed in the description of the
JRA4046:2004 standard on page 122.
The fiscal years to reach the targets are:
(i) Air conditioners for home use
1) Non-duct and wall-hung type: Fiscal year 2010
2) Others: Fiscal year 2012
(ii) Air conditioners for business use: Fiscal year 2015
Table 1 - 100 . Japan APF Top Runner efficiency target - Air conditioners for home use - Non-duct and
wall-hung type: Fiscal year 2010

Table 1 - 101 . Japan APF Top Runner efficiency target - Air conditioners for home use - Others: Fiscal
year 2012

62

Heating Seasonal Performance Factor.
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Table 1 - 102 . Japan APF Top Runner efficiency target - Air conditioners for business use: Fiscal year
2015

3.3.5. USA
Introduction
In the US, more than half of commercial building energy use and operational costs is allocated to
heating, cooling and ventilating activities. Commercial systems differ from residential ones in a number
of important ways. While most residential homes and apartments rely on operable windows (airing)
and structure-related infiltration (air leaks) for fresh air, commercial buildings are subject to minimum
(mandatory) ventilation requirements (e.g., ASHRAE 62.1) and minimum energy performance
standards and design (prescriptive) decisions concerning the use of heating/cooling technologies
(e.g., ASHRAE 90.1), which are aimed at promoting a pleasant working environment for occupants
and achieving indoor air quality (IAQ) compliance. With increasing building size, heating, ventilating,
and air conditioning (HVAC) needs are increasingly dominated by the use of air conditioning to reject
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heat from lighting systems, equipment, and people working in the building. The ability to introduce in a
building a large amount of outdoor air with the mechanical system allows the use of outdoor air instead
of conditioned-air whenever the heating load can be satisfactorily met using the cool outdoor air flow
(“free” cooling).
Buildings smaller than 10,000 to 20,000 square feet (930 to 1,860 square meters), typically, use
factory-built, air-cooled "unitary" (packaged) equipment. Packaged units are used in two-thirds of all
commercial floor space in the US and, de facto, are the primary choice for small projects and low-rise
construction because of low installation and maintenance costs (Table 1 - 103). Buildings larger than
100,000 square feet (9,300 square meters) and multi-building complexes, usually, employ watercooled "built-up" or site-specific assembled systems. For other cases, buildings may employ multiple
large packaged units or small built-up systems. The use of very large packaged units (20 to 60 tons) of
cooling capacity has been growing steadily in the US.
Table 1 - 103 . Characteristics of different cooling systems

Packaged equipment such as chillers, boilers, and furnaces come in wide range of efficiencies. At the
Federal level, there are legal minimum energy efficiency standards. The National Appliance Energy
Conservation Act (NAECA, http://ees.ead.lbl.gov/projects/past_projects/central_a_c_heat_pumps or
http://www1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/central_ac_hp_finalrule.pdf)
and the Energy Policy Act (EPAct) have established minimum-efficiency standards for furnaces,
boilers, and packaged equipment to which manufacturers must comply. NAECA applies to smaller
equipment, whereas EPAct deals with larger equipment. Many of the EPAct standards are based on
those developed for the American Society of Heating, Refrigerating, and Air-conditioning Engineers
(ASHRAE) Standard 90.1. The ASHRAE standard also includes efficiency requirements for many
types of equipment not yet covered by EPAct, such as chillers. Increasingly, the ASHRAE standards
are becoming legally binding, as they have been widely adopted as part of the US commercial building
energy code at the federal, state and local levels.
US Energy Policy Act of 200563
The US Energy Policy Act (EPAct) of 2005 (Public Law 109-58) contains minimum energy efficiency
requirements for HVAC products and incentives to buy more efficient products.
Table 1 - 104 . Federal Minimum Efficiency Standard for Commercial Equipment from the Energy Policy
Act of 2005
63

http://www1.eere.energy.gov/buildings/appliance_standards/pdfs/epact2005_appliance_stds.pdf
(Subtitle C - Energy efficiency products, Sections 135, 136 and 141)
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Table 1 - 105 . HVAC tax incentive of the Energy Policy Act of 2005
Credit, $

ASHRAE 90.1-2010 – Energy Standard for Buildings except Low-Rise Residential Buildings
(A free download of 90.1-2007, the previous version of this standard, is available from the web-link:
http://www.ashrae.org/publications/page/2728)
Purpose
The objective of this standard is to provide “Minimum Energy Performance Standards” (MEPS) and
requirements for the “energy efficiency design” of buildings other than low-rise residential buildings.
Standard 90.1 was first issued in 1975, and has since been revised several times since then (including
revisions published in 1980, 1989, 1999, 2001, 2004, 2007 and most recently in 2010). The Energy
Policy Act (EPAct) of 1992 made Standard 90.1-1989 “the law of the land”. Since then, the standard
has been widely adopted across the United States and has also become a point of reference in
building and energy codes around the world. Starting with the 2001 edition, the standard has been
published every third year to coincide with the release of updated regulatory building codes (such as
those published by the International Energy Conservation Code, IECC).
The new regulations should go into effect in the United States by 2013. The main goal of the 2010
edition is a 30% energy reduction relative to the 2004 version of the standard, which would imply a
building Energy Use Intensity (energy consumption per unit surface area) of 33,000 BTU/yr per square
foot, or about 12 W per square meter (down from 53,000 BTU/yr-ft2 or 19.3 W/m2). According to the
Energy Policy Act of 2005, all US government buildings are now required to be at least 30% more
energy efficient than the specification outlined in Standard 90.1. Since the baseline is continuously
updated, the EPAct of 2005 sets a moving target relative to the ASHRAE standard.
Starting in 1999, the ASHRAE Board of Directors placed the standard on “continuous maintenance”,
meaning the standard is now changed on an ongoing basis through the use of addenda, which are
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subject to public review, comment and consensus building among all interested parties. Addenda
become part of the standard, and equipment manufacturers, for example, are obliged to meet the new
specifications, upon the final approval and publication by the Board of Directors. All approved addenda
and errata by a given date are included in the next standard version. Forty-four approved addenda
were added to Standard 90.1-2004 when the 2007 edition was released. The 2010 edition has been
expanded to include new features, an expanded scope, and more detailed requirements, as well as
incorporating changes from more than 100 addenda. Here's what's new in the 2010 edition (only a
partial list):










Expanded to cover receptacles and process loads
More precise building envelope requirements and mechanical equipment efficiencies
Lower interior lighting power densities
Additional occupant-sensing controls
Mandatory day-lighting requirements for specific spaces
A new, five-zone exterior lighting power density table
Clarified and expanded modeling requirements
Inclusion of minimum efficiency performance standards (MEPS) for variable flow refrigerant
(VRF) cooling systems.
Single zone Variable Air Volume (VAV) control mandatory provisions.

Scope
This standard applies to new or new portions of buildings and their systems and to new systems in
existing buildings. The standard does not apply, however, to single family houses or multi-family
structures of less than three-stories above ground (ASHRAE 90.2 covers low-rise buildings), nor does
it apply to manufactured homes (mobile or modular) and buildings that do not use electricity or fossil
fuel. Equipment whose primary energy use is for industrial, manufacturing or commercial processes,
are also outside the scope of this standard.
Provisions of Standard 90.1 apply to building envelope, provided the heating demand is greater than
or equal to 3.4 BTU/h-ft2 (10.7 W/m2) or the sensible cooling load is at least 5 BTU/h-ft2 (15.8 W/m2),
heating, ventilation and air-conditioning systems, service water heating, lighting, electric motors and
belt drives and other equipment in conjunction with building operation. This standard is not intended to
bypass norms of safety or circumvent health and environmental requirements.
HVAC mandatory provisions and prescriptive requirements
The report for Standard 90.1-2010 consists of twelve sections, plus seven appendices. Chapter 6
covers heating, ventilation and air-conditioning requirements for new buildings, additions to existing
buildings and alterations to existing HVAC systems. All new or replacement HVAC systems must
comply with the standard, except as noted in the documentation. Compliance is not required, for
example, when (a) the equipment is being relocated, modified or repaired but not replaced; (b)
replacement would require extensive modification of existing systems and replacement involves likefor-like equipment, or (c) HVAC to a building addition is provided by an existing HVAC system.
Compliance paths
The standard provides for three pathways of compliance (Figure 1 - 43).
The “Simplified Approach” option applies to buildings with a gross floor area less than 25,000 ft2
(2,300 m2) and a building height less than two stories. In addition, the installed HVAC system must
meet all requirements as stated in Section 6.3.2. For example, (a) heating and cooling demand must
be provided by a single zone, air- or evaporatively-cooled, unitary packaged or split HVAC system
complying with the “mandatory” minimum energy efficiency standards (MEPS) summarized below in
the tables below (note, a building designer or building owner can always exceed these de minimis or
basic conditions); (b) an air economizer must be installed, unless the system cooling efficiency
exceeds by a sufficient margin the MEPS requirements (cf. Table 6.3.2 on p.40); and (c) simultaneous
heating and cooling of occupied spaces or reheating for humidity control does not occur. Furthermore,
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compliance with the standard requires submission of “record drawings”, “manuals” and evidence of
“system balance”. These submittals (Section 6.7) should include, for example: (a) location and
performance data for each piece of equipment, (b) configuration of duct and pipe distribution system
(incl. size and design flow rates), (c) size and options of each piece of equipment, (d) operation and
maintenance manuals, incl. at least one service provider, (e) detailed narrative and diagrams of how
each piece of equipment is intended to operate, including recommended set-points, maintenance and
calibration notes, and (f) evidence that system controls are in proper working condition. “Completion
requirements” are a necessary part of any path for demonstrating compliance with the standard.

Figure 1 - 41 . ASHRAE 90.1-2010 compliance paths

In the “Mandatory – Prescriptive Approach” option, compliance is established when the prospective
HVAC system design satisfies both “Mandatory” and “Prescriptive” provisions, as outlined,
respectively, in Sections 6.4 and 6.5 of the standard and verified through supporting documentation
(completion requirements). In the “Mandatory – Energy Cost Budget Method” (Chapter 11), the
building designer is allowed to tradeoff between various building systems and components as long as
the building annual total energy cost for the prospective design is no more than the equivalent cost for
a design based on the “prescriptive” path. Verification of energy cost savings requires the use of
simulation software that can model building energy consumption. Approved computerized
methodologies include BLAST, TRACE and DOE-2 software (http://gundog.lbl.gov/dirsoft/d2whatis.html).
Mandatory provisions
Equipment efficiencies
When tested in accordance with the specified test protocols, HVAC equipment at the specified
operating conditions shall have the minimum performance standards summarized in the tables below.
Note, the standard does permit the use of equipment not listed in the tables, and a protocol is outlined
for verifying equipment efficiency information provided by manufacturers (Sec. 6.4.1.4). Where
multiple requirements are specified, the equipment shall meet all rating conditions, except as noted
specifically in the table footnotes.
•
•
•
•
•
•

Table 1 - 107 . ASHRAE 90.1:2010 – MEPS for Unitary air conditioners and Condensing Units
Table 1 - 108 . ASHRAE 90.1:2010 - MEPS for Unitary air conditioners and heat pumps
Table 1 - 109 . ASHRAE 90.1:2010 – MEPS for PTAC and PTHP, SPVAC and SPVHP, and
room air conditioners
Table 1 - 110 . ASHRAE 90.1:2010 – MEPS for VRF systems
Table 1 - 111 . ASHRAE 90.1:2010 – MEPS for Water chilling packages
Table 1 - 112 . ASHRAE 90.1:2010 – MEPS for heat rejection equipment

In recent years, technological advancements in variable speed drives (VSD) has brought about a
significant improvement in water cooled chiller performance at partial loads, with enhancements of up
to 30% possible, compared to traditional systems. These gains have come at the expense of a small
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penalty, a drop of up to 4%, in the chiller full-load performance due to inherent drive losses and usage
of auxiliary devices. The provisions in 90.1-2010 (which took effect starting on January 1st, 2010),
revise and extend the list of mandatory energy efficient requirements applied to air and water-cooled
chillers that were published in Tables 6.8.1C, 6.8.1H, 6.8.1I and 6.8.1J of the 2007 edition of the
standard.
Non-standard64 performance rating tables for centrifugal water cooled chillers (NPLV) have been
eliminated and replaced by an algebraic equation (Section 6.4.1.2.1) valid for chilling packages at fullload design conditions: minimum evaporator leaving temperature LEvap of 36 F (2.2 C), maximum
condenser leaving temperature LCond of 115 F (46 C) and Lift temperature range between 20 F (11 C)
and 80 F (44 C), where Lift is defined as the temperature difference LCond – LEvap. Data for absorption
chillers remain unchanged, as these units have not undergone significant changes in efficiency and
their market share in recent years has been steadily decreasing (only 150 units were sold in the United
States in 2006). Efficiencies are now expressed in EER (in BTU/Wh) for air cooled chillers, kW/ton for
water cooled units and COP for absorption chillers. According to ASHRAE estimates, compared to the
norms specified in the 2004 edition, the new mandatory requirements should reduce annual energy
consumption by as much as 460 GWh (or just over 13%).
Addendum “g” to standard 90.1-2004 increased the minimum energy efficiency standards of
commercial air-cooled air conditioners and heat pumps having a capacity in excess of 65,000 BTU/h
or 19 kW. The amendment was approved by the ASHRAE Board of Directors in the summer of 2005,
and matched, at that time, the US Federal efficiency standards for this type of equipment. Values for
EER and COP (at 47 F) were revised, and implementation of the new regulation was to take effect on
January 1st, 2010. In Standard 90.1-2010, the part-load and COP values at 17 F have also been
updated. A new energy efficiency descriptor quantifying the part-load performance of all commercial
unitary products with a cooling capacity greater than 65,000 BTU/h (19 kW), including single- and
multi-stage units, has replaced the previous IPLV rating. The Integrated Energy Efficiency Ratio
(IEER), like its predecessor IPLV, is based on a weighted average of part-load performance at 25%,
50%, 75% and 100% capacity, and is expected to be a better indicator than IPLV for measuring the
“true” part-load performance of commercial unitary equipment. Minimum IEER values are now
available for products with a cooling capacity between 65 and 240 thousand BTU/h (19 to 70 kW). In
previous standards, no minimum IPLV were specified for these product classes. Note, in SI units,
IEER is replaced by the Integrated Coefficient of Performance, ICOP.
Load calculations
For the purpose of sizing equipment and systems, heating and cooling loads are determined using
accepted engineering standards.
Controls
A number of provisions are specified, including requirements dealing with zone thermostat controls,
set-point overlap restrictions, off-hour controls, ventilation system controls (for ex., single zone VAV
controls and ventilation under high occupancy rates) and humidistatic controls. Below is a short list of
mandatory specifications outlined in the standard.





Individual zone heating or cooling is controlled thermostatically.
A temperature range or “dead band” of at least 5 F (2.8 C) will be established such that
simultaneous heating and cooling within a given zone will not occur or will be kept to a
minimum. Furthermore, means shall be provided to prevent the heating set-point from
exceeding the cooling set-point in zones equipped with dual thermostatic controls.
HVAC systems not intended to operate continuously or having a design heating/cooling
capacity less than 15,000 BTU/h (<4.5 kW) shall be equipped with “off-hour” controls for
shutting off the supply of conditioned air or outdoor air to or exhaust air from isolated zones
(smaller than 25,000 ft2 or 2,300 m2) or specific building sections (e.g., a certain office area)
by means of automatic or manual override start and stop timers, occupant sensors, setback

64

AHRI (Air-Conditioning, Heating and Refrigeration Institute) Standard 550/590 test conditions are 44 F (6.7 C)
for the chilled fluid leaving temperature, 85 F (29.4 C) for the condenser fluid entering temperature and 3 GPM
per cooling ton (194 L/h per kW cooling) for the condenser fluid flow-rate.
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controls and optimum start controls. Optimum start controls shall be installed on systems
whose total design supply airflow is greater than 10,000 CFM (16,700 m3/h).
Both outdoor air supply and exhaust systems shall be equipped with motorized dampers that
will shut when the airflow is turned off. Maximum damper leakage rates are limited to the
specifications presented in Table 6.4.3.4.3 (cf. p.43 in the standard).
Fans with motors greater than 0.75 hp (≈ 0.5 kW) shall be shut off when not required.
Systems providing humidification and de-humidification capability to a given zone shall not
operate simultaneously.
Demand control ventilation (DCV) is required for spaces larger than 500 ft2 (46 m2), an
occupant density greater than 40 people per 1000 ft2 (43 persons per m2) and served by
systems with one or more of the following: an air-side economizer, automatic outdoor air
damper control, or a design outdoor airflow in excess of 3,000 ft3 (85 m3). One notable
exemption are exhaust air energy recovery systems complying with Sec. 6.5.6.1.
Single zone HVAC systems involving air handling units (AHU) and fan coil units (FCU) that are
equipped with chilled water cooling coils and with supply fan motors exceeding 5 hp shall have
their fans controlled by either two-speed motors or variable frequency drives (VFD). For a
part-load cooling demand below 50%, the supply airflow shall be reduced to the smaller of
one-half of the flow-rate at full fan speed or to the minimum outdoor air requirement that is
specified in ASHRAE Standard 62.1-2010. Starting on January 1st, 2012, direct expansion
(DX) cooling air conditioning equipment serving a single zone and having a cooling capacity
greater than 110,000 BTU/h (32.3 kW) will also have to be equipped with variable speed fans,
which can reduce flow-rates to the smaller of two-thirds of nominal supply air flow (to prevent
coil frosting) or minimum outdoor air intake according to ASHRAE 62.1-2010.

HVAC system construction and insulation
Below is a short list of prescriptive specifications discussed in the standard.




All supply and return ducts and plenums shall be thermally insulated and sealed. Insulation
shall be protected from damage due to sunlight, wind, moisture and equipment maintenance.
Piping shall be thermally insulated.
All ductwork that is designed to operate at static pressures in excess of 3 inches water column
shall be leak tested.

Prescriptive criteria
Economizers
Cooling systems with fans shall be equipped with an air or water economizer (cf. Section 6.5.1). An
economizer is not required when (a) systems operate 20 hours or less a week, (b) systems operate in
warm to very hot, humid environments identified by climate zones 1a, 2a, 3a and 4a (see tables and
figures in the Normative Appendix B of ASHRAE 90.1-2010 report for zone definitions, while
international climate zone equivalents are available at http://www.ashrae.org/technology/page/938), (c)
system size is below a climate zone specific threshold cooling capacity (in a hot but dry climate, for
example, an economizer is unnecessary when system size is below 135,000 BTU/h or 39 kW; cf.
Table 6.5.1 on p.46), or (d) system efficiency meets or exceeds the minimum efficiency for that type of
system listed in Table 6.3.2 (cf. p.40). Below is a short list of prescriptive specifications discussed in
the standard.




An air economizer shall modulate the outdoor and return air dampers to supply up to 100%
outdoor air for cooling purposes. Economizer controls shall be integrated with other
mechanical cooling components and operation shall not be determined solely by mixed air
temperature. Means to relieve excess outdoor air intake shall be provided to avoid over
pressurizing the building.
When outdoor air can no longer reduce cooling demand, an air economizer shall reduce the
outdoor intake to a minimum quantity needed to maintain a healthy indoor environment.
Control will depend on outdoor air temperature, relative humidity and outdoor air enthalpy.
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Water economizers shall be capable of cooling supply air by indirect evaporation and
providing up to 100% of cooling load when outdoor air temperatures are below 50 F (10 C) dry
bulb or 45 F (7 C) wet bulb.

Simultaneous heating and cooling limitations
Generally speaking, simultaneous heating and cooling of air and water flow streams is not permitted,
although there are special circumstances when it may be allowed. This requirement applies to air
systems with thermostatic and humidistatic controls and to hydronic systems supplying heated or
chiller water (Sec. 6.5.2). Below is a short list of prescriptive specifications discussed in the standard.










Zone thermostatic controls shall prevent reheating, re-cooling or mixing of air streams that
have previously been cooled or heated by either mechanical means or by economizer usage.
Exceptions are permitted when the re-conditioned airstream volume is less than the larger of:
(a) 30% of the zone design peak supply rate, (b) the volume of outdoor air required to meet
the ventilation requirements in Section 6.2 of ASHRAE 62.1-2010, and (d) any higher rate for
which the energy penalty for reheating/re-cooling the air is offset by the lower energy demand
due to reduced outdoor air intake. Another exception is allowed when at least 75% of the
reheat energy is provided by on-site heat recovery systems or solar energy.
When reheating is allowed, the heated supply air shall not exceed the space temperature setpoint by more than 20 F (11 C).
The simultaneous heating and cooling of fluids in hydronic systems shall be limited. In a “twopipe changeover system” that uses a common supply system for delivering heated and chilled
water, for example, shall be designed to allow a dead band of at least 15 F (8 C), based on
outdoor temperature, between changeover from one mode to the other. At the changeover
point, the heating and cooling supply temperatures must not be more than 30 F (17 C) apart,
and the system must operate in one mode for at least four hours before switching to the other.
In a “three-pipe system”, a common return for both heated and chilled water shall not be
allowed.
Systems with humidistatic controls may simultaneously heat and cool airstreams provided the
system is capable of reducing supply airflow volume up to 50% or more below design
specification, while still meeting ASHRAE 62.1-2010 requirements.
In the Standard 90.1-2010, Section 6.5.2.1 (Simultaneous Heating and Cooling Limitation –
Zone Controls) has been revised and a new exception has been added that takes advantage
of the energy savings potential of Direct Digital Controls (DDC) and alleviates a common
problem that arises when the maximum reheated airflow that is currently permitted in the 2007
standard is insufficient to meet peak heating demand, unless a very high supply air
temperature is maintained. At high supply air temperatures, a portion of the supply airflow is
circuited directly to the return duct (a phenomenon identified as “short-circuiting”), which in
turn leads to poor occupant comfort and ventilation effectiveness. The new proposal would
alleviate this situation by increasing the amount of reheated air from the current limit of 30% of
the zone design peak supply rate to the new maximum of 50%, provided the reconditioned
volume of air in dead band is limited to 20% of design peak flow rate (down from 30%).

Air system design and control
An HVAC system having a total fan system motor nameplate horsepower greater than 5 hp (3.7 kW)
shall not exceed at “full load” fan system design conditions the maximum fan motor size as determined
by the relationships indicated below (Table 6.5.3.1.1). The “full load fan power limitation” applies to
supply, return, relief, and exhaust fans, and to fan-powered terminal boxes associated with heating &
cooling systems. Single zone variable air volume (VAV) systems shall satisfy the constant volume flow
system specifications. Other prescriptive provisions of the standard are briefly summarized below.
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Constant volume system (full load power limitation)
hp ≤ 0.0011 . CFMS (allowable nameplate motor)
bhp ≤ 0.00094 . CFMS + A (allowable fan system bhp)
Variable volume system (full load power limitation)
hp ≤ 0.0015 . CFMS (allowable nameplate motor)
bhp ≤ 0.0013 . CFMS + A (allowable fan system bhp)
CFMS is the maximum design airflow rate to conditioned spaces served by the system in cubic feet per minute; hp
is the maximum combined motor nameplate horsepower, bhp is the maximum combined fan brake horsepower
and A is a pressure drop adjustment factor, which compensates for pressure increases due to ducts, filters, gasphase air cleaners, heat recovery devices, sound attenuation sections, etc.











For each fan, the selected fan motor shall be no larger than the first available motor size
greater than the “bhp” rating.
Individual exhaust fans with a motor nameplate horsepower less than 1 hp and fans
exhausting air from fume hoods are exempt.
Hospital and laboratory systems that use exhaust/return fans to maintain space pressure
relationships needed for a healthy and safe indoor environment may use variable air volume
fan power specification.
“Part-load fan power limitation” (Sec. 6.5.3.2.1). Individual VAV fans with motors greater than
10 hp shall meet one of the following criteria: (a) the fan shall be driven by a mechanical or
electrical variable speed drive, (b) the fan shall be a vane-axial fan with variable pitch blades,
or (c) fan motor demand shall be no more than 30% of design wattage at 50% of design air
volume when static pressure is ⅓ of total design static pressure.
“Fan pressure optimization” (Sec. 6.5.3.2.3). For air systems that use direct digital control
(DDC) of individual zoned boxes that report to the central control panel, the static pressure
set-point shall be reset based on the zone requiring the most pressure. That is, the static
pressure is reduced until the damper position on the critical VAV box is nearly wide open.
For multi-zone HVAC systems, controls shall be installed to automatically adjust the supply air
temperature depending on the building demand for heating and/or cooling and on the ambient
air temperature.
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Hydronic system design and control
Provisions apply to HVAC hydronic variable flow systems capable of reducing by 50% or more the
nominal (full-load) pump flow rate, and having a total pump system power greater than 10 hp (7.5 kW).
Below is a short list of prescriptive specifications discussed in the standard.








“Part-load pump power limitation” (Sec. 6.5.4.1). Individual variable flow pumps with motors
larger than 5 hp shall have controls and/or devices that will limit power consumption to no
more than 30% of the design wattage when used at 50% of design water flow. Exceptions
include (a) systems with no more than three fluid control flow valves and (b) systems when the
minimum flow rate is below the manufacturer’s recommended rate for proper equipment
operation and total pump system power is ≤ 75 hp.
For systems consisting of multiple chilled and hot water units, the fluid flow rate shall be
reduced when a unit is powered off.
Chilled and hot water systems with a design capacity of at least 300,000 BTU/h (88 kW), shall
be provided with controls to automatically reset the supply water temperature in response to
building load or outdoor air temperature, except in circumstance where changes in the supply
temperature may cause improper operation of heating/cooling systems.
Hydronic pump systems shall be equipped with a two-position automatic valve intended to
shut off water flow when the compressor is not running.
Chilled water and condenser water design flows shall be limited by the flow rates indicated in
the table below (Table 6.5.4.5).
For smaller pipe sizes, the ASHRAE recommended design maximum pipe flow in GPM for a
maximum velocity of 4 fps (1.2 m/s) and maximum pressure loss of 4 ft per 100 ft (400 Pa/m)
is (Type L Copper; Sch. 40 Steel): (2.8; 3.8 GPM) for a nominal size 0.5 inch, (10; 11 GPM) for
1.0 inch, (39; 41 GPM) for 2 inches, (130; 160 GPM) for 3 inches, (270; 245 GPM) for 4 inches
and (775; 775 GPM) for a 6 inch pipe.

Conversion factors: 1 foot = 12 inch = 0.305 m, 1 GPM = 227 L/h, 1fps (foot per sec) = 0.305 m/s

Heat rejection equipment
Below is a short list of prescriptive specifications discussed in the standard.


Heat rejection systems for comfort cooling usage include: air-cooled and evaporative
condensers, plus open- and closed-circuit cooling towers. The prescriptive requirements do
not apply to heat rejection devices integrated directly into cooling equipment and whose
energy usage is already reflected in the mandatory equipment efficiency norms.
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Each fan having a motor rated at 7.5 hp (5.5 kW) or larger shall include controls to operate the
fan at two-thirds or less of full speed, and automatically vary fan speed to control leaving fluid
temperature and temperature and pressure at the condenser of the heat rejection device.
Centrifugal fans for open circuit cooling tower applications having (combined) flow capacity
greater than 1,000 GPM (250 m3/h) at outdoor wet bulb temperature 75 F (24 C) and
condenser water inlet and outlet temperature, respectively, 85 F (29 C) and 95 F (35 C) shall
satisfy the mandatory energy efficiency standards listed in Table 1 ‐ 112. Provision would
encourage the use of axial fans for applications to open-circuit cooling towers, which are 50%
more energy efficient than centrifugal fans used for the same purpose.

Energy recovery
Each fan system shall have an energy recovery (ER) unit when the design supply air flow-rate is larger
the value listed in the table shown below. The threshold value depends on climate zone and
percentage of outdoor air intake at ventilation system rated conditions. The energy recovery (thermal
transfer) efficiency shall be no less than 50%. That is, the change in the enthalpy of the outdoor air
supply is equal to 50% of the difference between the enthalpies of the outdoor air and return air at
design conditions. Other prescriptive provisions of the standard are briefly summarized below.


Provisions shall be made to control or bypass the heat recovery unit so as not to interfere with
air economizer operation.



Exceptions include (a) systems serving spaces that are un-cooled or not heated above 60 F
(15 C), (b) systems involved in the removal of toxic fumes or dust (e.g., paint), (c) commercial
kitchen hoods used for grease vapor and smoke removal and (d) systems when more than
60% of the preheat energy is already supplied by other on-site recovered heat sources, e.g.,
by solar energy.



A condenser heat recovery system shall be installed for service hot water heating provided the
facility is operational around the clock, the design service hot water load is at least 1,000,000
BTU/h (290 kW) and the installed heat rejection capacity of the water cooled system exceeds
6,000,000 BTU/h (1,760 kW). Furthermore, the heat recovery system shall either have a 60%
recovery efficiency of the peak heat rejection load or be capable of preheating service hot
water draw to 85 F (29 C) at peak design conditions.
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Equipment Minimum Energy Performance Standards
In order to ease the reading of the table hereafter, an equivalence table of capacities in Btu/h and tons
of refrigeration is supplied hereunder.
Table 1 - 106 . Conversion tables from USA units to SI units

Air conditioners, condensing units, heat rejection units
In Btu.h‐1

30000

41000

65000

135000 240000 760000

In kW (rounded to nearest int.)
9
12
19
Conversion factor
1000 Btu.h‐1 = 0,29307107 kW
Chillers
In ton
75
In kW (rounded to nearest int.)
264
Conversion factor

150
528

300
1055

40

70

223

600
2110

1 ton = 3,51685284 kW

Unitary air conditioners and Condensing Units
Air conditioner market has been and is still largely different regarding the residential sector covered in
the ErP study ENER Lot 10. The EU market, more recent, adopted in majority the mini split products
coming from Asia. Conversely, their market share in the USA is only beginning to increase now; the
US market is mainly dominated by products delivering cold air through ducted systems because this is
the dominant heating system type in US homes. Split air conditioners have their coil delivering cool in
the ducts of the air system and package systems directly deliver cold air (they include on a single
mounting all the components, and they have a centrifugal fan on the evaporator side).
Regarding unitary air conditioners, some categories are not available on the EU market. EU products
would lie in the categories “Air conditioners/heat pumps, air cooled or water cooled”.
Through the wall products are similar to window air conditioners and have cooling capacities below 12
kW. Small duct high velocities products are a US market specific product.
Condensing units are similar to the outdoor unit of a split air conditioner and are typically integrated in
air handling units.
In the USA, most large unitary air conditioners are horizontal package with the possibility to introduce
fresh air, with only a very limited number of split systems, most of them being ducted.

Table 1 - 107 . ASHRAE 90.1:2010 – MEPS for Unitary air conditioners and Condensing Units
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[Note 1] Minimum IEER efficiencies are available for all product classes, whereas in Standard 90.1-2007 no
minimum values for IPLV were provided for equipment with a cooling capacity between 65 and 240 thousand
BTU/h (19 to 70 kW). Minimum efficiencies for air-cooled and condensing units have not changed.
[Note 2] EER, SEER and IEER have units of BTU per Wh (BTU/h = 0.293 W). IEER is a weighted average of
efficiency measurements at various part-load conditions. The Coefficient of Performance, COP = performance
indicator in table / 3.412.
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Table 1 - 108 . ASHRAE 90.1:2010 - MEPS for Unitary air conditioners and heat pumps

[Note 1] Minimum IEER efficiencies are available for all product classes, whereas in Standard 90.1-2007 no
minimum values for IPLV were provided for equipment with a cooling capacity between 65 and 240 thousand
BTU/h (19 to 70 kW). EER, IEER and IPLV are reported in units of BTU/Wh. COP (e.g., W/W) is dimensionless.
[Note 2] EER, SEER, IEER and HSPF have units of BTU per Wh (BTU/h = 0.293 W). IEER is a weighted average
of efficiency measurements at various part-load conditions. COP is dimensionless (Wth/Wel).
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Single package vertical air conditioners and heat pumps
In the table below, only single package vertical air conditioners and heat pumps are at the same time
present on the EU market and have capacities above 12 kW. The performance requirements are only
based on full load for these products. Package Terminal Air conditioner and Heat Pumps are similar in
shape to window units but to be concealed within a wall aperture.
Table 1 - 109 . ASHRAE 90.1:2010 – MEPS for PTAC and PTHP, SPVAC and SPVHP, and room air
conditioners

[Note 1] EER, SEER, IEER and HSPF have units of BTU per Wh (BTU/h = 0.293 W). IEER is a weighted average
of efficiency measurements at various part-load conditions. COP is dimensionless (Wth/Wel).
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VRF air conditioners and heat pumps
Regarding VRF air conditioners, requirements are either in terms of seasonal performance or full load
performance, depending on the capacity of the units; this is in line with unitary air conditioners
requirements. In addition, requirements have been added for water cooled VRF systems, with three
different temperature levels.
The products are similar to the ones sold in Europe. Unfortunately, despite a standard is available to
rate their performance, public performance data are not yet available on the AHRI directory of certified
products.
Table 1 - 110 . ASHRAE 90.1:2010 – MEPS for VRF systems

[Note 1] EER, SEER and IEER have units of BTU per Wh (BTU/h = 0.293 W). IEER is a weighted average of
efficiency measurements at various part-load conditions. The Coefficient of Performance, COP = performance
indicator in table / 3.412.
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[Note 1] EER, SEER and IEER have units of BTU per Wh (BTU/h = 0.293 W). IEER is a weighted average of
efficiency measurements at various part-load conditions. The Coefficient of Performance, COP = performance
indicator in table / 3.412.
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[Note 1] EER, SEER and IEER have units of BTU per Wh (BTU/h = 0.293 W). IEER is a weighted average of
efficiency measurements at various part-load conditions. The Coefficient of Performance, COP = performance
indicator in table / 3.412.

Chillers
Products are similar in the USA and in Europe regarding chillers. In Europe however, the dominant
type of chiller is the air cooled scroll type, a non negligible part of them being reversible. Screw and
above all centrifugal chillers are less common than in the USA. Water heating is not considered here
for reversible chillers (being uncommon in the USA).
Requirements also cover absorption chillers.
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Table 1 - 111 . ASHRAE 90.1:2010 – MEPS for Water chilling packages

[Note 1] Ratings for Path A are intended for units operating most of the time at full-load, whereas Path B values
are for chiller applications expected to run mostly at part-load (see also table footnote “c”). The energy efficiency
rating (EER) and integrated part-load value (IPLV) are reported in units of BTU/Wh. 1 ton of cooling is equivalent
-1
to 12,000 BTU/h. COP = [kW/ton × 0.2844] .

Heat rejection equipment
In the table below, the rating conditions and the minimum performance requirements are given for heat
rejection units. Although the requirements are at full load, they are complemented with minimum
requirements regarding control, mentioned before in the description of this standard.
Regarding air cooled condensers below, the MEPS are set for R22 products, not directly applicable to
the dry cooler category identified in the ENTR Lot 6 study, as they cool water and not refrigerant.
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Table 1 - 112 . ASHRAE 90.1:2010 – MEPS for heat rejection equipment

[Note 1] Conversion factors: 1 GPM = 227 L/h; 1 hp = 0.746 kW and 1 BTU/h = 0.293 W
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3.4.

SYNTHESIS ON LEGISLATION

Europe, national member states as well as third countries have legislation regarding air conditioning systems and products. Legislation and complementary
measures are shortly described hereafter following the scope of ENTR Lot 6. Investigation here regards mainly minimum energy performance requirements.
3.4.1.

Air conditioners above 12 kW and condensing units (air to air, evaporatively-cooled and water to air)

The table below summarizes the performance parameters used to set minimum performance requirements for air conditioners and air conditioning condensing
units.
Table 1 - 113 . MEPS performance parameters for air conditioners > 12 kW and air conditioning condensing units outside Europe

Full and part load indexes in 4 economies for air conditioners
Country

Product type

Mounting type Outdoor HE type
S Split
MS Multi‐split
P Package

Cooling mode

Air delivery

A air cooled
D Ducted
W water cooled ND Non Duct.
E evap. cooled
B both

Full load

Heating mode

MEPS ? Part load MEPS ?

Full load

MEPS ? Part load MEPS ?

Index

Y Yes
N No

Index

Y Yes
N No

Index

Y Yes
N No

Index

Y Yes
N No

USA

AC <= 19 kW

S, P

A

B

EER

Y

SEER

Y

COP

Y

HSPF

Y

USA

AC > 19 kW

S, P

A

B

EER

Y

IEER

Y

COP

Y

N/A

No

USA

AC

S, P

W

B

EER

Y

IEER

Y

COP

Y

N/A

No

USA

AC

S, P

E

B

EER

Y

IEER

Y

N/A

N/A

N/A

N/A

USA

VRF <= 19 kW

MS

A

B

EER

Y

SEER

Y

COP

Y

HSPF

Y

USA

VRF > 19 kW

MS

A

B

EER

Y

IEER

Y

COP

Y

N/A

No

USA

VRF

MS

W

B

EER

Y

N/A

No

COP

Y

N/A

No

USA

SPV

P

A

D

EER

Y

N/A

No

COP

Y

N/A

No

USA

Condensing unit
>= 40 kW

N/A

A, W, E

N/A

EER

Y

IEER

Y

No

No

No

No

Australia

AC < 65 kW

S, P

A

B

EER (AEER)

Y

N/A

No

COP (ACOP)

No

N/A

No

Australia

AC

S, P

W

B

EER (AEER)

Y

N/A

No

COP (ACOP)

Y

N/A

No
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Japan

AC

S, MS (P ?)

A

B

(EER + COP) /2

Y

APF

Y

(EER + COP) /2

Y

APF

Y

China

MS, VRF > 7.1 kW

MS

A

B

EER

No

IPLV

Y

?

MEPS ?

N/A

MEPS ?

China

VSD split < 14 kW

S

A

B

EER

No

SEER

Y

?

MEPS ?

N/A

MEPS ?

It appears that more economies are moving to seasonal performance indexes; they progressively cover more products. For larger capacity products, USA and
Japan use the HSPF, which is based on the same principle but for different climatic conditions and testing points.
Both the USA and Japan, when moving to seasonal performance requirements for these products, have kept the full load requirements or even strengthen
both full load and part load requirements at the same time (USA situation).
In Europe, it is planned to have a single metrics, the SEER defined in prEN14825:2010 standard for all air conditioners based on the prEN14825 standard. It
includes a seasonal performance indicator and low power modes in a single index. Only Australia already included the low power modes in the AEER and
ACOP, which combines a full load metrics and consumption of low power modes.
Details are given below on the values of the minimum performance required by product type.
It should be added that tolerances vary in the different countries and according to the type of operation, heating or cooling. Information received from
manufacturers shows that the full load EER and COP should lie between 85 % and 95 % of the declared values for all countries, with most countries requiring
at least 90 % of the declared values.
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Air cooled air conditioners
Full load EER is regulated in a number of countries. The reference testing conditions, full load, 35 °C
outdoor, 27 °C db / 19 °C wb, are the same, except for small differences in the USA standard. The
small variations in the indoor testing conditions in the USA are reported in the table below.
Table 1 - 114 . Standard rating EER test conditions for the ISO 5151 standard and for the NAFTA zone
(including the USA), extract from (Henderson, 2001)

(Henderson, 2001) estimated these small differences for a typical US residential air conditioner to
remain low, the US EER being about 102 % of the ISO 5151 one, and the capacity about 103 %.
From 2011 onwards in Australia, full load EER and COP will be replaced by AEER and ACOP, thus
including the consumptions of low power modes when there is cooling or heating load required, but
keeping the same MEPS values as with EER in 2010. In Japan, the EER value indicated is the
“(EER+COP)/2” top runner target (fiscal year 2004 or 2007 depending on the product categories) here
for cooling only units (thus COP=0).
In the USA, there are several variations to the values indicated to account for the air pressure losses
due to the heating section for reversible units and for the refrigerant pressure losses of the VRF heat
recovery units.
In addition, air cooled air conditioners are submitted to seasonal performance indices, SEER below 19
kW in the USA and IEER above 19 kW65. This includes all air cooled air conditioners, reversible or not.
And as mentioned before, Japan air conditioners have supplementary targets in terms of APF
(weighted average of cooling and heating seasonal performance indicators). These indices cannot
however be compared directly and consequently are not reported here.
Figure 1 - 42 . MEPS air conditioners, Air-cooled, Full load EER (kW/kW)

65

19 kW is the difference between the residential and commercial sector in the USA, which are
supposed to have different average operating conditions, see the section on USA standards on page
117 and following for more details on the USA standards.
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3,4
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MEPS USA Split ‐ Pack CO ‐ VRF

2,6
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MEPS Japan Split Wall
MEPS Japan Split other
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MEPS Japan Ducted
MEPS Japan Multi‐split
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Note: Split – Pack CO – VRF means the three categories of unitary air conditioners, split air
conditioner, package air conditioner and VRF multi-split air conditioner. CO means cooling only and
Rev means reversible. HR stands for heat recovery. SVP stands for single vertical package air
conditioner
Full load COP is regulated only in the USA and in Canada for air cooled heat pumps. The standard
testing conditions are slightly different of values used in Europe (and in ISO standards). Minimum
performance applies at + 8.3 °C outdoor and at – 8.3 °C. Central air conditioners and heat pumps in
the USA (split and package) and VRF air to air heat pump systems have minimum HSPF (heating
seasonal performance factor) below 19 kW. As mentioned before APF target do also apply in Japan.
Figure 1 - 43 . MEPS air conditioners, Air-cooled, Full load COP (kW/kW)
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Water cooled air conditioners
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Regarding water cooled air conditioners, 5 countries have been identified to require minimum
performance requirements. Full load requirements are shown below.
Figure 1 - 44 . MEPS air conditioners, Water-cooled, Full load EER (kW/kW)

MEPS USA Unitary
MEPS Canada
MEPS China ducted

MEPS USA VRF HR
MEPS Australia

MEPS France
MEPS China non ducted

3,60
3,40

EER

3,20
3,00
2,80
2,60
2,40
0

50

100

150
200
Cooling capacity (kW)

250

300

The USA ASHRAE 90.1 requirements will apply from 2011 onwards. For Canada, requirements have
just been updated to the ASHRAE 90.1 2007 levels so that these are still a bit lower. The USA and
Canada also have seasonal performance requirements with minimum IEER values 0.2 (kW/ton) higher
than full load ones.
For the USA and Canada, reversible units (except when heating is ensured by an electric resistance)
have an allowance of 0.2 (kW/ton) to account for the additional pressure drops of the heating section,
both at full and part load. It means the values indicated below should be 0.2 kW/ton or 0,06 kW/kW
higher for cooling only or electric resistance reversible units.
Australia also has heating requirements that are the same as for cooling (the 39 kW threshold is thus
to be understood in kW heating in standard ISO 13256 H1 conditions). From 2011 onwards, full load
EER and COP will be replaced by AEER and ACOP, thus including the consumptions of low power
modes when there is cooling or heating load required.
In cooling mode, there are additional full load EER and IEER requirements for VRF systems in the
USA with different source temperature: ground water source (15 °C) and ground source (25 °C); they
can be found in the USA legislation description (ASHRAE 90.1 2010),
In heating mode, minimum COP are required only in the USA. There is no heating seasonal
performance requirement.
Water cooled air conditioners (water source or water loop heat pump air conditioners)
In principle, the water loop or water source air conditioners can be the same products as water cooled
air conditioners. However, the USA and the UK have specific requirements for those products to be
installed in water loop heat pump systems. The French requirements do not distinguish this specific
type of product so that the minimum EER of 3 is still valid. Requirements are summarized in the graph
below. EER are measured in the same conditions as for water cooled air conditioners above (30 °C
inlet temperature at the condenser, DB 27 / WB 19 °C indoor). In Europe, the EN14511 standard is
used whether in the USA, the ISO 13256 standard is used.
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In addition, the USA also have heating requirements for water to air products that should have a
minimum heating COP of 4.2 (kW/kW) with inlet water temperature of 20 °C and DB 20 °C indoor air
temperature.
Evaporatively-cooled air conditioners
The USA ASHRAE 90.1 2007 has been adopted in Canada and the USA published in the 2010 90.1
standard increased performance requirements for 2011 onwards. For these new requirements, the
relationship between EER and IEER for products on the market has been changed depending on the
capacity of the units.
Figure 1 - 45 . MEPS air conditioners, Evaporatively-cooled, Full load EER and part load IEER (kW/kW)
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Air conditioning condensing units
The only requirements for air conditioning condensing units are in the ASHRAE 90.1:2010 standard,
for units with cooling capacities above 40 kW. The test conditions and metrics are comparable to the
ones of air conditioners above. The minimum performance requirements are (in SI units) given in the
table below.
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Table 1 - 115 . USA ASHRAE 90.1:2010 MEPS for air conditioning condensing units above 40 kW

Air cooled
Water cooled
Evap. Cooled
3.4.2.

EER
3,1
4,0
4,0

IEER
3,5
4,1
4,1

Chillers (air to water and water to water)

Two types of legislative measures do exist for chillers, minimum energy performance requirements
and labeling. Europe (ECC66) and China set labeling programs for chillers, both based on full load
EER. Other countries only set minimum energy performance requirements. The reference MEPS
levels are set by the ASHRAE (Association of Heating, Refrigeration and Air conditioning Engineers)
for the USA in the building standard ASHRAE 90.1. This standard only applies to new chillers destined
to commercial buildings, but other countries like Canada and Australia use this standard to set MEPS
at product level to put on the market. The ASHRAE 90.1 standard is updated regularly; chiller MEPS
have been updated in the ASHRAE 90.1 2007 edition and not in the 2010 edition meaning the MEPS
values should be active most likely until 2013 at least.
MEPS are presented at full load and at part load in the following figures for air cooled and then for
water cooled chillers. Regarding part load figures, direct comparison between the USA IPLV and
ESEER for chillers is not possible. In addition, the ECC ESEER should be soon changed to conform
with the prEN14825 standard once adopted and seasonal performance values are likely to change.
Regarding reversible chillers, the study did not identify any requirements in heating mode outside
Europe, except for water source heat pumps in the USA and in Canada. ECC label do exist however
and the grades have been reported already in section 3.3 on page 147.
Tolerances for part load indicators could be obtained from manufacturers. Although they vary slightly
depending on the products, the Eurovent ESEER tolerance is indicated to be about 7.5 % while it is
rather 10 % following the AHRI IPLV guidelines.
Air cooled chillers EER
Regarding air cooled chillers, the most ambitious MEPS is fixed at 2.8 EER. In the new 90.1 standard
version, the combination of the remote condenser chiller and of the condenser should not exceed the
air cooled chiller MEPS level so that there is not any specific MEPS for remote condenser chillers.
If the Chinese label positioning reflects correctly the best and lowest products available worldwide, the
ECC label seems clearly on the lower efficiency side with the G class well below the existing MEPS.
Figure 1 - 46 . MEPS chillers, Air cooled, Full load EER (kW/kW)

66

ECC: Eurovent Certification Company
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Air cooled chillers IPLV
Regarding seasonal performance values, two countries have followed the USA ASHRAE 90.1 IPLV
based MEPS, Canada, whose values are based on ASHRAE 90.1 : 2004 and Australia whose values
are more ambitious than the USA ones.
Figure 1 - 47 . MEPS chillers, Air cooled, Part load IPLV (kW/kW)
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Water cooled chillers EER
There are more countries that have adopted MEPS for water cooled chillers than for air cooled ones.
There is general an increase in the requirements with cooling capacity because larger centrifugal
chillers have in average higher full load EER than positive displacement compressors, and within
positive displacement compressors, screw have better full load EER than scroll. It can be seen very
large variations in the minimum performance requirements at full load conditions.

Figure 1 - 48 . MEPS chillers, Water cooled, Full load EER (kW/kW)
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Water cooled chillers IPLV
Regarding part load, the USA ASHRAE 90.1 standard introduced in 2007 the distinction between
chillers Path A and Path B. Path A is more ambitious at full load and less at part load. This is the
typical case for a base chiller in a multiple chiller chilling plant. Path B is more demanding for operation
at part load, which is the case for comfort application with one single chiller for instance.
Figure 1 - 49 . MEPS chillers, Water cooled, Part load IPLV (kW/kW)
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Water source heat pumps (water-to-water)
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In the ASHRAE 90.1 building code and in Canada, a specific category of water to water equipment
has been created for geothermal water based heat pumps and chillers. There are called water source
heat pumps, water to water. They are rated according to the ISO 13256 standard. Minimum
requirements in cooling and in heating mode are reported hereunder.
Source type

Source inlet temperature °C Minimum EER (kW/kW)

Capacity range

Water high

30

3,01

< 40 kW (cooling capacity)

Water medium

15

4,63

< 40 kW (cooling capacity)

Ground (brine)

25

3,44

< 40 kW (cooling capacity)

Heating mode Source inlet temperature °C Minimum COP (kW/kW)

Capacity range

Water high

20

3,70

< 40 kW (cooling capacity)

Water medium

10

3,10

< 40 kW (cooling capacity)

Ground (brine)

0

2,50

< 40 kW (cooling capacity)

Absorption chillers
There are minimum performance requirements in the USA and in the UK. The USA ASHRAE 90.1
requirements are:
-

Air cooled absorption single effect: COP ≥ 0,6

-

Water cooled absorption single effect: COP ≥ 0,7

-

Absorption double effect, indirect fired: COP ≥ 1 and IPLV ≥ 1,05

-

Absorption double effect, indirect fired: COP ≥ 1 and IPLV ≥ 1,05

3.4.3. Terminal units
No specific measure regarding fan coils has been identified in the screening of existing legislations.
The only existing measure is the voluntary labelling planned by Eurovent, which would be based on a
seasonal cooling performance index FCEER and a heating seasonal performance index FCCOP.
3.4.4. Heat rejection units
There are minimum performance requirements only in the USA. These have been described in the
ASHRAE 90.1:2010 section and are reported below in kW cooling per kW electric power. This gives a
type of EER for heat rejection units.

ASHRAE 90.1:2010 Cooling tower MEPS
gpm/hp min
kWcool/kWelec min
Open‐circuit cooling towers
35 °C entering water, 29.4 °C leaving water, 23.9 °C entering wet bulb
Propeller or axial fan open‐circuit cooling tower
38,2
75,0
Centrifugal fan open‐circuit cooling towers
20
39,3
Closed‐circuit cooling towers
38.9 °C entering water, 32.2 °C leaving water, 23.9 °C entering wet bulb
Propeller or axial fan closed‐circuit cooling tower
14
33,0
Centrifugal fan closed‐circuit cooling towers
7
16,5
With proper part load controls, performance may improve when less air flow is required under part
load conditions. To that extent, the USA have the following additional prescriptive requirement: each
fan having a motor rated at 7.5 hp (5.5 kW) or larger shall include controls to operate the fan at twothirds or less of full speed, and automatically vary fan speed to control leaving fluid temperature and
temperature and pressure at the condenser of the heat rejection device.
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4.

SCOPE AND SAVING POTENTIAL (FIRST ESTIMATE)

Figure 1 - 50 . Split-up of 110 bln. m³ heated volume equivalent at 18°C indoor temperature in the EU.

The scope of this study are air-conditioning products (as defined in section 1.2) used in the tertiary and
industrial sector.
This scope definition does not exclude the same air-conditioning products used in other sectors
because any ecodesign measure would establish ecodesign requirements for the placing on the
market of tertiary and industrial air-conditioning products, including when they are marketed for
residential or other use. The study will therefore assess technical parameters (e.g. > 12 kW for air-toair air-conditioner) suitable for discerning "tertiary and industrial air-conditioning products" by
manufacturers, importers, end-users and market surveillance authorities. On the other hand, a CEmarked air-conditioning product could be de-facto a "system" or "extended product", that means,
consisting of different components/parts.
For the tertiary sector, it is estimated that currently 40 % of offices, large retail, hotels and restaurants,
health care institutions, public buildings and cultural buildings would use air conditioning >12 kW in
the summer. This amounts to 10% of the building volume, i.e. around 11 bln. m³.
In average size non-residential buildings, air conditioning systems are running in cooling mode 3 to 4
months per year and will very commonly try to keep the indoor temperature at around 22-23 °C for the
average climate. The outdoor temperature during the daytime for average (Strasbourg), warmer
(Athens) and colder (Helsinki) climate is shown in the table. To these values around 6 °C can be
added for solar and internal gains (3 °C for winter period but solar gain in summer is much higher),
which means that on average the temperature will be 4 °C above 22 °C in the average climate during
the mid-May to Mid-September. This results in 120 days and, taking into account night- and weekend
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setback, in 1200 hours of potential (part load) activity. In the warmer climate, the indoor-outdoor
temperature difference will be on average 8.5°C and the air conditioner will be active (in part load)
during ca. 2000 hours.
Daytime outdoor temperature (7-21h) in average and warm climate
jan feb
mar apr
may jun
jul
aug
Average
12,
16,
19,
21,
22,
climate
2,8 2,6
7,4
2
3
8
0
0
10,
11,
15,
21,
26,
28,
27,
Warm climate
9,5
1
6
3
4
5
8
9
11,
16,
19,
18,
Colder climate 3,8 -4,1 -0,6 5,2
0
5
3
4

sep
17,
0
23,
6
12,
8

oct
11,
9
19,
0

nov

dec

5,6
14,
5

10,4

6,7

1,2

-3,5

3,2

Assuming in cooling mode:
•
50 % of air conditioning systems are installed in a warm climate and 50 % in an average
climate, the average indoor-outdoor temperature difference is of 6.2 K during 1400 hours
•
a standard infiltration and ventilation air change rate of 0,8 m³/m³.h during airco operation,
•
an aggregate U-value of 1,5 W/m².K (insulation for walls and windows and cold bridges)
•
an AV ratio of 0,4 m²/m³ (A=envelope surface in m² / V=building volume in m³ ),
•
specific heat of air 0,33 Wh/m³.K
•
20 % latent load
the average annual European sensible cooling load in the tertiary sector can be estimated at:
transmission-losses (incl. cold bridges)
(11 x 109)m³ · 1400 h · 6.2 K · 1,5 W/m².K · 0,4 m²/m³ · 1,2 = 59 TWh/a
plus ventilation & infiltration losses
(11 x 109)m³ · 1400 h · 6.2 K · 0,33 Wh/m³.K · 1 m³/m³.h · 1,2 = 26 TWh/a
resulting in 93 TWh/a cooling load.
For the electricity consumption to meet this cooling load, it is assumed that
•
System losses (auxiliary heat supplementary load, distribution losses, suboptimal control, etc.)
are 25% of the load,
•
the aggregate Seasonal Energy Efficiency Ratio SEER for cooling is 3 ,
•
additional electricity consumption of air-handling units, pumps and other auxiliaries not taken
into account in the SEER value is 25% of the electric consumption
resulting in
1,25 · 1,25 · 147/3 = about 50 TWh/a electricity consumption for cooling plus auxiliaries.
Assuming in heating mode:
•
a solar plus internal heat gain of 3 K in winter,
•
a winter period of 7 month for the average climate and of 6 months for the hot climate,
•
about 40 % off all cooling generators are reversible (and used in heating mode),
•
reversible cooling generators have heating capacity at design heating point of about 0,9 times
the rated cooling capacity (0.8 in the south, 1 in the average climate),
•
50 % of air conditioning systems are installed in a warm climate and 50 % in an average
climate, the average indoor-outdoor temperature difference is of 6.3 K during 2600 hours
•
a standard infiltration and ventilation air change rate of 0,8 m³/m³.h during airco operation,
•
an aggregate U-value of 1,5 W/m².K (insulation for walls and windows and cold bridges)
•
an AV ratio of 0,4 m²/m³ (A=envelope surface in m² / V=building volume in m³ ),
•
specific heat of air 0,33 Wh/m³.K
the average annual European heating load in the tertiary sector can be estimated at:
transmission-losses (incl. cold bridges)
(11 x 109)m³ · 0.36 · 4000 h · 6.5 K · 1,5 W/m².K · 0,4 m²/m³ · 1,2 = 63.1 TWh/a
plus ventilation & infiltration losses
(11 x 109)m³ · 0.36 · 4000 h · 6.5 K · 0,33 Wh/m³.K · 1 m³/m³.h · 1,2 = 27.8 TWh/a
resulting in 90 TWh/a heating load.
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For the electricity consumption to meet this heating load, it is assumed that
•
System losses (auxiliary heat supplementary load, distribution losses, suboptimal control, etc.)
are 25% of the load and are compensated by the heat released from auxiliaries.
•
the aggregate Seasonal Energy Efficiency Ratio SCOP for heating is 2.5 ,
•
additional electricity consumption of air-handling units, pumps and other auxiliaries not taken
into account in the SCOP value is 25% of the electric consumption
resulting in
90*1.25/1.25*1.25/2.5 = about 45 TWh/a electricity consumption for heating.
In total, heat ing and cooling represent about 94 TWh/a electricity consumption.
At 0,43 Mt CO2 equivalent per TWh electric energy this means carbon emissions of approximately 40
Mt CO2 eq.
For the industrial sector, representing 10,2% of the total building volume, it is assumed that a quarter
of the industrial building volume (ca. 2.5%) will be equipped with air conditioning. Assuming the same
conditions as for the tertiary sector, this results in ca. 23 TWh/a electricity consumption and emissions
of close to 10 Mt CO2 eq.
In total, the scope of the air conditioning part of the underlying study concerns around 115 TWh/a of
electricity consumption and energy-related carbon emissions of 50 Mt CO2 equivalent/a.
There are currently air conditioners and air cooled chillers on the market with a SEER higher than 6,
indicating that a 50% saving is achievable for new systems as compared to existing ones in cooling
mode. In heating mode, potential SCOP of 4 or higher can be reached for air conditioners, and
reversible chillers with floor application. Also in the field of energy consumption for auxiliary functions,
similar reductions in energy consumption are deemed realistic.
However, with respect of 2010 the air-conditioner stock in the EU is expected to double in 2030 (factor
1,5 between 2010 and 2020). With current technology this would imply an electricity use of 230 TWh/a
and related emissions of 100 Mt CO2 equivalent in 2030.
Applying this saving potential now can thus save 60 TWh on the existing stock and avoid 50 TWh by
2030 for the next generation of systems. All in all, the long-term (2030) saving potential is estimated at
100 TWh , which currently equals close to 43 Mt CO2 equivalent.
Given the relatively long replacement cycle of existing air conditioner stock it is estimated that
realistically no more than 30-40% of this potential, a maximum of 20 TWh and 8 Mt CO2 equivalent,
can be realized by 2020 for the existing stock. This is to be added to the 25 TWh for new systems
installed from now on to 2020 or 10 Mt CO2. Thus the 2020 saving potential is estimated at 45 TWh
or about 18 MtCO2.
Sharing the credit
The products in the scope of the underlying study are building products and as such subject to
regulation under the 2009 recast of the Energy Performance of Buildings Directive, which includes
amongst others a classification of building types and an inspection paragraph on air-conditioners. In
this sense, measures to be developed should be co-ordinated with the EPBD-recast.
The products are also covered by the Construction Product Directive 89/106/EEC and measures to be
developed should be compatible with the safety, health, environment and energy requirements in this
directive requested from construction products for CE marking. .
The products in the scope of the underlying study use ambient heat and may in the future use direct
solar radiation as (renewable) energy sources. In this sense, measures to be developed should be coordinated with the stipulations in the 2009 recast of the RES directive.
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The air-conditioning products in the scope are typically assemblies, containing amongst others electric
motors, pump(s) and fans. These components are either already subject of Ecodesign Commission
Regulations No 640/2009 (electric motors 750 W < P < 375 kW) and 641/2009 (circulation pumps) or
may be in the scope of future measures (fans >125 W, DG ENER Lot 11). Although the underlying
study will assume as much as possible a holistic approach, i.e. rating the whole unit on the basis of its
cooling energy efficiency performance, at the very least the above mentioned regulations will
contribute in realizing the saving potential at earlier stages of the production chain, i.e. in the B2B
market.
Even though it is not expected to be a separate item in the envisaged holistic approach, another
horizontal contribution may come from Ecodesign Commission Regulation No 1275/2008 on stand-by
electricity consumption, which at the very least will drive the development of efficient electronics
forward.
All in all, the truly unique saving potential of the underlying study will relate to the (synergy effects in)
the overall system design, the compressor(s), heat exchangers, controls, auxiliary energy users (e.g.
crankcase heater) and components that are outside the scope of current regulations (motors 750 W375 kW, fans<125 W, circulation pumps not for drinking water). At this stage it is difficult to put an
exact number on that share, but it will be subject of the study.
Other environmental impacts and improvement potential
Refrigerants
New air conditioners, condensing units and chillers use presently use HFC refrigerants. An important
part of the stock of chillers and air conditioners is still using R22. The effect of the REGULATION (EC)
No 2037/2000 regarding ODS substance will lead to replace most R22 products with new products
with HFC or alternative refrigerants. With new products having lower leak rates and GWP, there
should be a general improvement, as the combined effect of both refrigerant regulations 1005/2009
and 842/2006.
HFC in use, R410A, R407C and R134a mainly, still have high GWP and refrigerant leakage is
certainly responsible of a non negligible part of the total CO2 emissions of these products. It is
however expected that these shares are lower than in the ENER Lot 10 study (10 % for reversible
residential splits and 25 % for reversible split products), as the energy consumption of the products is
higher for commercial products. Additionally, leak rates for chillers are estimated to be very low in the
literature. The direct emissions of cooling generators will be quantified in task 4.
Alternative refrigerant will be listed by product type in Task 5 and viable options will be assessed indepth in Task 6. The candidate refrigerant fluid designed to replace the R134a for automobile air
conditioners (HFO1234yf) may be one of these viable solutions, able to maintain the performance of
the products and to reduce significantly the direct emissions. CO2, hydrocarbons, ammonia and water
are possible options to be studied more in depth.
Depending on the results of the previous analysis, the study should make recommendations regarding
potential alternative refrigerant fluids for products in scope in Task 7.
Noise
There are growing concerns regarding noise in living spaces and outdoor, particularly in cities. Noise
is one of the most harmful pollution, right after atmospheric pollution. The noise is one of the
parameters to be included in the definition of the base cases in Task 4. Available product performance
databases already include noise as one of the main performance parameters. The study will build on
existing data to study the link between energy efficiency and noise. Depending on the results, the
study should make recommendations regarding potential maximum noise requirements for products in
scope in Task 7.
Recyling/Resource efficiency
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ENTR Lot 6 products are mainly made of steel, aluminium and copper, with plastics and electronic
components being a minor part of the bill of material. Being of high value, the content of the product is
generally recycled in the existing recyvong channels. Nevertheless, there may be some options to
improve the recyclability of the products. These are to be studied in Task 3. In task 4, the share of the
materials in the total environmental impacts of the products will be analyzed. This will be the basis for
further possible analysis in Task 5 and following. Depending on the results, the study should make
recommendations regarding recycling/resource efficiency for products in scope in Task 7.
Preliminary definitions for air conditioning products
The preliminary definitions for products in AC systems are reported below :
Air conditioner > 12 kW

An air conditioner means an encased assembly or assemblies designed as a unit to provide the
delivery of conditioned air to an enclosed space (room for instance), capable of cooling and/or heating
this air and which is based on the vapour compression cycle. It is driven by an electric compressor or
by an engine driven compressor.
This definition includes 'air-conditioning appliances' that provide additional functionalities such as
dehumidification, air-purification, ventilation and/or supplemental air-heating by means of electric
resistance heating or by the combustion of gaseous or liquid fossil fuel.
An air conditioner releases the heat extracted from the conditioned air to ambient air, water or ground
source; this definition also includes appliances that may use water for evaporation on the condensor
(either condensate that is formed on the evaporator side or externally added water), provided that the
appliance is also able to function without the use of additional water, using air only;
Air conditioning condensing unit

An air conditioning condensing unit means a device designed to provide refrigerant to a cooling coil
which ensures the delivery of conditioned air to an enclosed space (room for instance), enabling the
coil of cooling and/or heating this air, and which is based on the vapour compression cycle. It is driven
by an electric compressor or by an engine driven compressor.
An air conditioning condensing unit releases the heat extracted from the conditioned air to ambient air,
water or ground source; this definition also includes appliances that may use water for evaporation on
the condensor (either condensate that is formed on the evaporator side or externally added water),
provided that the appliance is also able to function without the use of additional water, using air only.
Air conditioning chiller

A “chiller” means a device which meets all of the following criteria:
- it extracts heat from a water-based central cooling system in order to reach and maintain the
indoor temperature of an enclosed space such as a building, a dwelling, or a room, at a desired
level;
- it uses a cooling generator based on one of the following processes:
• a vapour compression cycle driven by an electric compressor
• a vapour compression cycle with a compressor driven by a motor engine
• an absorption cycle whose heat is supplied by the combustion of gaseous or liquid fossil
fuels or by waste heat;
- it releases the heat extracted from the enclosed space to ambient air, water or ground source; this
definition also includes appliances that may use water for evaporation on the condensor,
It can also supply heating as a “boiler” and in that case is called a reversible chiller/heat pump.
Regarding boiler, the provisional definition of the draft boiler regulation is used here:
(1) “boiler” means a device which meets all of the following criteria:
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it provides heat to a water-based central heating system in order to reach and maintain the
indoor temperature of an enclosed space such as a building, a dwelling, or a room, at a
desired level;
- it uses a heat generator using the processes listed in point (2);
(2) “heat generator” means the part of a boiler that generates the heat using the following processes:
- combustion of gaseous or liquid fossil fuels;
- use of the Joule effect in electric resistance heating elements;
- capture of ambient heat from air, water or ground source, and/or waste heat;
(3) “water-based central heating system” means a system using water as heat transfer medium to
distribute centrally generated heat to heat emitters for space heating of buildings, or parts thereof.
-

room fan-coil unit

A factory-made assembly which provides one or more of the functions of forced circulation of air,
heating, cooling, dehumidification and filtering of air, but which does not include the source of cooling
or heating. This device is normally designed for free intake of air from a room and delivery of air into
the same room, but may be applied with minimal ductwork. This device may be designed for built in
application, or with an enclosure for application within the conditioned space.
Heat rejection unit

A self contained system that cools a single phase liquid by rejecting sensible and/or latent heat via a
water to air heat exchanger, the air being mechanically circulated by one or several fans.

234

ANNEX 1 : ENTR LOT 6 PRODUCTS AND WEEE/ROHS DIRECTIVES
A. Current WEEE Scopes
The WEEE and RoHS have the same scope, which is defined in the IA Annex of the WEEE directive
(2002/96/CE directive). During the years leading up to the introduction of these directives into national
laws, there has been confusion over what products are actually in the scope and what products are
excluded.
Focusing on air-conditioning products, some of them are dealt with in the IB Annex under ‘Large
household appliances’, as ‘Large cooling appliances’, ‘Air conditioner appliances’, ‘Other fanning,
exhaust ventilation and conditioning equipment’. Therefore, it has been unsure whether all airconditioning systems were included or just mobile units.
It seems that national consultation bodies have provided different guidance to clear up the confusion
over scope, since for air-conditioning products, the latter differs from a country to another. Some
member states have determined that fixed equipment with rated cooling power of less than 12 kW
shall be considered within the scope. In the case of fixed products, this applies therefore to any kind of
air-to-air air-conditioner (splits/multisplits).
UK guidance
In the UK, the scope has been made clear by the Department of Trade and Industry (DTI). Mike
Duggan, the technical manager of the Federation of Environmental Trade Associations, reports that in
2003, in an answer letter to the FETA, the DTI stated : ‘We concur with your view that items such as
air-conditioning systems, which are installed within the fabric of a building, should be excluded from
the scope of the directives’. In 2004, the DTI confirmed ‘air-conditioning systems that are permanently
fixed into a building are outside the scope’.
Note that ‘Installed equipment’ encompass split-systems or fans installed into a hole in the wall and
hard wired into the main supplies (which indirectly covers fan-coils). Only mobile air-conditioning
products are concerned, which are outside the scope of the EuP Lot 6.
Eventually, the DTI issued a non-statutory guidance on the WEEE directive (which has been regularly
updated since 2004). If the product ‘is part of another type of equipment or is a/is part of a fixed
installation’, it is not covered by the directive. This clearly applies to all the product within the scope of
Lot 6.
EU guidance
The Orgalime, which is the European Engineering Industries Association representing the interests of
the mechanical, electrical, electronic and metalworking industries at the level of the EU in the legal,
technical, and economic fields, has issued a clear guidance (2006) upon the scope of the WEEE and
RoHS directive.
Concerning air-conditioning products, it is very similar to the DTI’s guidance. Chapter 3.8 clearly states
that fixed installations are outside the scope of the WEEE directive. They are defined in the
Commission F.A.Q.s document as :
‘Fixed installation’, in the broadest sense, is defined as a combination of several equipment, systems,
finished products and/or components (hereinafter called ‘parts’) assembled and/or erected by an
assembler/installer at a given place to operate together in an expected environment to perform a
specific task, but not intended to be placed on the market as a single functional or commercial unit.
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On the basis of this definition, the Orgalime includes centralised air conditionings in its examples of
fixed installations. Fixed installations are outside the scope of the WEEE Directive, and therefore, any
components or parts of a fixed industrial installation are also outside the scope.

WEEE and RoHS scope - Fixed installations decision tree (Orgalime)
The exclusions from the scope apply also to variable speed motor drives, programmable controllers,
sensors & transducers (pressure, flow and temperature), electric motors, control panels, interfaces.
This is worth being quoted as what is excluded from the scope of the WEEE directive is consequently
excluded from the scope of the RoHS directive.
FRANCE
Concerning the air-conditioning equipment, the enforcement of the WEEE directive into the French
law, through the 2005-829 decree, is particularly unclear. The main points are as follows :
¾ The decree applies to any type of electrical supply/appliance (“équipement”, in French) that
refers to the categories listed in the Annex I of the decree, which is the same than the original
Annex IA of the WEEE directive. An electrical supply is simply a product that consumes
electricity under an AC voltage lower than 1000V or a DC voltage lower than 1500V.
¾ So as to clarify this scope, an official advice has been published in the Official Journal of the
French Republic, in October 2005. It states that air-conditioning systems and other equipment
for the ventilation, exhaust ventilation and air-conditioning falls under the ‘Large household
appliances’ category that is included in the Annex I of the decree. It is worth noting that the
‘air-conditioning systems’ term differs from the original ‘air-conditioning appliances’ that was
used in the original Annex IB of the WEEE directive. The difference between an appliance,
which refers rather to a simple product, and a system, can be confusing.
¾ The Article 2 of the decree indicates that any WEEE coming from an equipment that has been
bought for a professional use (in other terms, an equipment that has been bought by a firm or
an association, contrary to a household) is covered by the Decree, whether the corresponding
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equipment is similar in kind to a household equipment, and is distributed through the same
distribution channels.
¾ Eventually, the exemptions concern electrical appliances that are part of another type of
equipment which itself is not, strictly speaking, an electrical appliance according to the
previous definition of an electrical appliance. Taking the example of a chiller or a heat rejection
unit, this is somewhat unclear. A chiller or a heat rejection unit is indeed an electrical
appliance, but it is part of an air-conditioning system. Does an air-conditioning system refer to
the term of ‘equipment’ ? In this case, shall one assume that this system is not strictly
speaking an electrical appliance on its own ?
According to these different elements, the study team thinks that the Lot 6 products which are covered
by the French decree are air-to-air conditioners (DX-systems), whatever their cooling capacity is. This
applies to ducted/non-ducted split-systems/multisplits and VRV systems, as all of these can be looked
at as an air-conditioning system sold as a single product, which uses an electrical input to provide its
main functions, and is similar in kind and distribution channel, whatever its use is (private or
professional use).
The status of products such as fan-coils, chillers, heat rejection units, remains unclear.
ITALY / PORTUGAL / GREECE
According to Daikin’s 2006 environmental report, the WEEE has been transposed into local law in
these countries in 2004-2005, with scopes defined as follows :
Country
Italy
Portugal
Greece

Scope
All fixed installed air conditioners up to 12 kW
Indoor and outdoor units under 7 kW
Fixed installed air conditioners

Fixed air-conditioning - Transposition of the WEEE directive in three EU countries
Consequently, the Portuguese scope encompasses DX air conditioners up to 7 kW, but the distinction
between indoor and outdoor units might be useful in the case of refurbishment of part of these
systems. All DX air conditioners falls under the scope of the Directive in Greece, whatever their
cooling capacity is.
In addition, note the following quote from Daikin’s report : ‘Industrial and commercial air conditioners
(such as chillers and VRV) do not necessarily fall under the scope of the WEEE. However, some
countries extended the scope to include these types of units’.
The study team hasn’t found any precise information about the transposition of the WEEE directive in
other EU countries than the one quoted, and would welcome such information.

B. RoHS directive : connection with the WEEE directive / exemptions
The study team’s understanding is that the RoHS directive applies to the products defined in the
Annexes of the WEEE directive. As both WEEE and RoHS are directives and so transposed into
national laws, it is thought that for each country, the transposed RoHS directive applies to all the
products of the transposed WEEE directive, and not only to the products listed in the original text
(before transposition). In other terms, if, in one country, it has been made clear that a product such as
a DX air conditioner is comprised within the scope of the WEEE directive once transposed, then this
product falls under the requirements of the transposed RoHS directive.
Under the scheme of the RoHS directive, it is the producer who is responsible in the case of failure to
respect the regulations (contrary to the scheme of the WEEE directive, which allocates responsibility
to producers and other stakeholders involved in the lifecycle of electric and electronic products). As
the WEEE and so the RoHS scope differ from a country to another, this means that the air237

conditioning products developed by a manufacturer are not subject to the same limitations, depending
on the country. This is clearly an issue, because the producer/manufacturer does not generally
develop a specific product range for a country (national market).
In this sense, it is worth noting that major DX-systems manufacturers such as Daikin and Mitsubishi
have already brought all their air-to-air conditioners into line with the WEEE and RoHS directives.
Similarly, Danfoss has provided information on the content of hazardous substances in DCC
compressors , which are within the limit set by the RoHS directives, although WEEE and RoHS
directives do not explicitly apply to Danfoss compressors. Danfoss has also issued a press release,
stating that : ‘In connection with the EU WEEE and RoHS directives, Danfoss has initiated a number of
activities to make sure that the Group’s products comply with the directives in time [...] it is important
that our products comply with the requirements of the WEEE and RoHS directives’.
The new list of RoHS exemptions issued by the European Commission has been reported by Bureau
Veritas. The single exemption that applies directly and explicitly to air-conditioning products is the lead
content in bearing shells and bushes for refrigerant-containing compressors for heating, ventilation, air
conditioning and refrigeration applications. Other exemptions such as cadmium and its compounds in
electrical contacts, as mentioned in the ASHRAE journal , indirectly apply to HVAC equipment.
The UK government guidance note (2008) provide an interesting standpoint on the lead exemption, as
follows :
‘Lead-bronze bearing shells and bushes are used, amongst others, in compressors for stationary
refrigeration and air conditioning equipment. Typical characteristics of such compressors include a
long design life (over 50,000 hours for residential applications and over 100,000 for commercial
applications) and a hermetic sealing to prevent refrigerant leakage and ensure reliable, uninterrupted
operation without service for up to 15 years. Combined with the unique technical aspects of the
refrigeration cycle (dry-starts, miscibility of the lubricant, repeated condensing and boiling, etc.), the
bearings need excellent self-lubrication properties to meet the high durability and reliability
requirements. Due to its lubricious nature, the use of lead as a bearing constituent is critical in these
applications. This exemption has been introduced because so far no suitable alternative has been
identified, although other materials have been extensively tested.‘
From the angle of the WEEE directive transposition, the importance of an exclusion is that the
excluded equipment is completely exempt from RoHS requirements. The ASHRAE journal stresses
that there is no restriction on circuit boards with lead-based solders used in HVAC equipment, if the
latter is not covered by the WEEE scheme. Similarly, hexavalent chromium, which is used as a
pretreatment in paint processes, will remain unrestricted while the corresponding HVAC equipment is
exempted.

C. RoHS and WEEE recast
The current RoHS and WEEE directives are due to recast67 by the European Parliament and the
Council in 2011. The proposals are currently being negotiated by the European Parliament, the
Council of Ministers, and the Commission. If agreement is reached quickly, it seems that the amended
directive could become law in Member States by 2011. The Element14 Design Engineer Community
has issued a review of the current negotiations.
Scope
Some Member States believe that the only way to achieve certainty on scope is to include all electrical
products except those that are in a list of specifically excluded equipment, such as aircrafts.
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The RoHS recast was already adopted (Directive 2011/65/EU), whereas the WEEE recast is still
under discussion.
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The proposals are to transfer the ten categories of the current WEEE directive in Annexes IA and IB to
new Annexes in the amended RoHS directive. The new scope of the WEEE directive would refer to
these Annexes. As the RoHS directive is an Article 95 directive, all Member States would be required
to have the same scope while transposing it. On the contrary, as the WEEE directive falls under the
article 175, they may broaden the scope for this directive so differences in WEEE scope between
Member States would continue.
The proposals attempt also to clarify which appliances are excluded from the scope of the directive
(for instance, the issue of fixed installations has not been solved yet) but most Member States do not
believe that the changes are any clearer.
A future decision should also categorise types of appliances as household (B2C – business to
consumer) and non-household appliances (B2B – business to business). Air-conditioning products
might therefore fall under one or the other, but transpositions into national laws could also reshape the
scope later on.
Consequently, there is no clear current indication on how the scope of the recast WEEE and RoHS
directives might affect the air-conditioning products encompassed by the ENTR Lot 6.
Collection rate
According to Element14, the new WEEE collection rate that is proposed is 65%, and refers to the
amount of electrical and electronic equipment placed on average on the market in the preceding two
years. This rate will be re-examined by the European Parliament and the Council in 2012 in view of
setting possible separate collection targets for cooling and freezing equipment on the basis of a
Commission report, if appropriate.
What products are covered by the ‘cooling’ term is somewhat unclear to the study team, but it is
thought that this might refer to refrigeration products only. However, the rationale behind this different
target is certainly related to refrigerant-handling issues. Consequently, further information on this
separate scheme should be an interesting input for the discussion on the end-of-life of ENTR Lot 6
products.

D. The study team’s viewpoint
It seems that there are very different viewpoints on whether to include or not other air-conditioning
products than portable units within the WEEE and RoHS scopes.
During the review of the WEEE directive, EPEE68 has clearly stated its viewpoint (August 2006). The
term ‘fixed installations’ is too broad and being used to claim exemptions. The introduction of a
distinction between ‘appliances’ and ‘systems’ is seen as necessary. Moreover, it is thought that the
spirit of the WEEE directive concerns primarily household appliances that can be purchased in retail
stores and installed and uninstalled by consumers, which is not the case of systems. The major
concern is that the present situation creates great uncertainty for Member States and industry. As a
consequence, the EPEE does not believe that large-scale chillers and HVAC systems (including
rooftops and large non-portable split systems) to be bound by the WEEE directive.
The main arguments in favour of the exemption of fixed air-conditioning products are that :
¾ The initial goal of the WEEE directive was to prevent households and private individuals (private
customers, contrary to professionals) from sending indirectly waste appliances to landfills through
garbage collectors. On the contrary, as fixed installations must be dismantled by professionals, it
is thought that the latter send them to scrap yards and steel mills to make profit. They should be
therefore properly recycled, processed or shredded.
¾ Chillers and air-conditioning systems are made with substantial amounts of steel, aluminium and
copper, as stated by the EPEE and reported in chapter 3.2 of this report. These materials are
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¾

valuable and so should be easily recycled and bought for scrap when the air-conditioning
system/product is dismantled.
The current F-gas regulation is commonly seen as very stringent, or at least stringent enough on
the collection of refrigerants, which are reused or destroyed. It is indeed compulsory that
refrigerant-handling is made by certified professionals.

Yet, there is a gap between what are thought to be common practices and real ones. In this respect
and by matter of example, though chapter 3.3 of Task 3 of this study focuses on refrigerant/ODS endof-life, some of the reported issues similarly concern the end-of-life of the corresponding products
once discharged : ‘contrary to domestic appliances, there is no nationally organized collection program
for waste ODS, and so refrigerants, contained in commercial equipment in Czech Republic and
Germany’ implies as well that there is no nationally organized collection program for waste airconditioning commercial equipment in part of the EU, which clearly raises the issue of uncontrolled
and unmanaged waste streams of ENTR Lot 6 products at their end-of-life.
Some Member States have already enlarged the initial scope and included air conditioners, making
hard to believe that they will go back in time through the transposition of the recast WEEE and RoHS
directives. Some major air-conditioning equipment manufacturers are, as well, already complying with
these directives, although there are exempted to do so in part of the EU.
Another issue here is that some products/elements such as scroll compressors are used within smallcapacity chillers, which are exempted from the directives, and the cooling generation units of DXair
conditiioners, which fall under the directives in some countries. From the angle of its Bill-of-Materials, a
scroll compressor used in chillers is very similar to a scroll compressor used in a DX-system. Similarly,
fan-coil units are not very different from the indoor units of split-systems and VRFs, but as they are
products that are part of a fixed installations, they are not covered by the directives.
The study team shows in the Task 2 report that around one third of ENTR Lot 6 products sold in the
EU are sold for refurbishment purposes. It is also reported that nearly half of the chiller units sold in
the EU have a capacity lower than 17.5 kW. This implies that the corresponding air-conditioning
systems are only equipped with a few terminal units, mostly fan-coils, whose casing is often primarily
made of plastics rather than metals. Such a system might not allow to make a consequent profit
through its sending to scrap yards, especially in the case of terminal units replacement.
Moreover, most air-conditioning products covered by ENTR Lot 6 now use programmable controllers,
sensors & transducers (pressure, flow and temperature), electric motors, control panels and interfaces
(as quoted before) which are very close to similar products that fall under the scope of the WEEE and
RoHS directive, when they can be used on their own as ‘finished products’ (see the Orgalime guide
with the distinction between components of industrial installations and finished products).
Eventually, only approximately a third of the waste electrical and electronic equipment in the EU is
reported to be treated according to the legislation. The rest goes to landfills (13%) and out of the
remaining 54%, a large amount is potentially subject to sub-standard treatment inside or outside the
EU. Illegal trade to non-EU countries is still widespread.
Therefore, the possible inclusion of part or all of ENTR Lot 6 products within the scope of WEEE and
RoHS directives seems feasible. Because it can be cost-effective to recycle high cooling capacity
units, as reported in Task 3 chapter 3.2, a cooling capacity threshold, below which ENTR Lot 6
products would fall under the scope of the directives, might be worth discussed. Some current RoHS
exemptions, which look necessary and justified (see above), would not have to be modified.
Anticipating the analysis in Task 3 chapter 3.1, the study team proposes also to open the discussion
on the implementation additional requirements in view of improvements in the recycling of ENTR Lot 6
products, as stressed out by the ASHRAE:
-

Manufacturers could be made responsible for labelling the component parts of their machines.
The labelling should be very specific, differentiating for instance among types of plastics,
metals, constituencies of composite materials.
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-

Materials should be classified regarding their ability to be recycled and by their compatibility
with other materials (certain thermoplastics may be recycled together, while others should be
separated).

Once again, a cooling capacity ceiling might be worth being discussed.
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