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3

INTRODUCTION
The task 3 description is given in the methodology and reported below.

Scope: User requirements can — in part — be influenced by product design and product information.
Relevant user-parameters are an important input for the assessment of the environmental impact of a
product during its use and end-of-life phase, in particular if they are different from the standard
measurement conditions as described in subtask 1.2.
Subtask 3.1 – User information
It should be analysed if users of the products defined in subtask 1.1 should be provided with:
- Specific product information (if yes, to be defined).
- The ecological profile of the product and the benefits of Ecodesign.
- Training and education packages for workers at production facilities regarding the ecological impact
of their acting and business.

Subtask 3.2 – User requirements in the use phase
Identification of actual user requirements (avg. EU) regarding use aspects. This includes:
- Real life efficiency, such as load efficiency (real load vs. nominal capacity); climate, temperature
and/or timer settings; charging; dosage, quality and consumption of auxiliary
inputs; frequency and characteristic of use; just-in-time readiness; power management enabling rate
and other user settings.
- Special needs of customers for quality, accuracy, productivity, flexibility, “proven design”,
maximum failure rate, etc.
- Best practice in sustainable product use.
- Repair and maintenance practice (frequency, spare parts, transportation and other impact
parameters).

Subtask 3.3 –End-of-Life behaviour
Identification of actual user requirements (avg. EU) regarding end-of-life aspects. This includes:
- Present fractions to recycling, re-use and disposal.
- Present fraction of second hand use and refurbishment.
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1.
1.1.

SUBTASK 3.1 - USER INFORMATION
THE DIFFERENT ACTORS
1.1.1.

Life cycle phases of an AC system

The life cycle of an AC system shall be divided into several different use phases, from a
planning/purchase phase to a dismounting phase and possibly a recycling phase. It is indeed
necessary to distinguish them, as the user or intermediary/actor that is concerned is not always the
same person, depending on the phase. The following classification is proposed.
Planning / Lay-out phase
The client, who is normally the manager of the building (within which the AC system has to be
installed), is generally contacting a design engineer. The latter lays out an AC system so that its
cooling capacity meets the cooling requirements of the premises. Information on the building
characteristics (dimensions, heating/cooling loads, activity types, occupancy ...) has to be collected.
Purchasing phase
Basing his decision on the appraisal of the design engineers, the manager is then buying the
associated AC system from a manufacturer (or sub-systems, whether only part of the whole AC
system has to be replaced/newly installed).
Initial installation phase
The AC system is installed by a main contractor (specialised installer). The main contractor plays
generally an independent role but can be, in some cases, associated with the design engineer (same
firm as above).
Acclimatization ("putting into service") phase
The end-users of the AC system - in other terms, the people who are "physiologically speaking" the
beneficiaries of the AC functions - are progressively getting used with the new comfort conditions that
are induced by the AC systems, particularly for a new installation in comparison with the former "freerunning building" (no AC system) situation. Whether end-users can have an influence on the system
controls, this phase can have important impacts on the thermal comfort perception changes and thus
on the future settings of the system.
Usual use phase
The end-users are now used to the newly established thermal comfort conditions. The control of the
patterns of system use, mostly done centrally by an electronic controller, is generally time-based (on
an hourly basis), according to basic occupancy scenarios. The main concern here is to know in more
details how this control is achieved and who is, in this case, the decision-maker that programs and
assesses it.
There is still as well the possibility that the end-user, at his own local level, uses some available
controls, such as a room thermostat or an electronic control interface of a terminal unit, to vary the
cooling output and potentially the air speed by acting on the AC terminal unit. The end-user can also
act, in some cases, on natural ventilation through windows opening or mechanical ventilation, through
an additional local supply fan (not included in the AC system).
Maintenance phase / Replacement phase / Refurbishment phase
For these phases, the process is nearly the same as for Planning, Purchasing and Installation phases.
The building manager can contract a design engineer and a main contractor so as to repair or change
5

part of his AC system. These intermediaries may not be the ones previously involved in the Planning,
Purchasing and Installation phases.
Dismounting phase / Potential recycling phase
These phases correspond to the end of the life cycle of the AC system. The building manager contacts
a new or former contractor to dismount the system.
1.1.2.

Classification of the users as actors

I With the life cycle phases classification, one can see that different intermediaries take part to the
project. By calling these users "project actors", the information that is useful to each of them can then
be sorted out, with regard to the final energy consumption of the VAC system and of its products. This
information is summarized in the following table, which also includes some reference standards that
give relevant information to the different actors.
Table 3 - 1 . Information required by the building owner

User
→ Actor

Required information

Information
acquisition
(other than
standards)

Corresponding
European standards

Level of
knowledge

a) Electricity / Water / Refrigerant
tariffs
b) VAC system costs : Initial
capital costs + Average annual
electricity and auxiliary
consumptions
Building
manager
(consumer /
customer)

c) Available budget for the VAC
system with regard to a whole
building refurbishment project

↓
- Building owner

d) End-users VAC needs

Or

- present thermal comfort
conditions

Already available
:
a) / c)

Thermal comfort
standard

Provided by the
design engineer :

→ EN 15251:2007

b) and e)
- Property
management
firm

- occupancy patterns of the
premises

Provided by the
end-users :

Building automation,
controls and building
management

Low /
Medium

→ EN 15232:2007

d)
- position/latitude of the end-users
towards the use of a VAC system
e) System control options /
Building automation control
systems
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Table 3 - 2 . Information required by the architect

User
→ Actor

Required information

Information
acquisition
(other than
standards)

Corresponding
European standards

Level of
knowledge

EPBD standards

High

Corresponding
European standards

Level of
knowledge

Already available
:

a) Needs of the building manager,
if the appearance of the premises
is an issue
b) Physical characteristics of the
building :
Architect

b) if the building is
new (in which
case its design is
partly made by
the architect)
Provided by the
building manager
:

- age (old/new/retrofit)
a)
- geometry and appearance
- thermal characteristics (thermal
insulation, thermal mass, glazed
surfaces)

Obtained through
on-site inspection
:
b) if the building
has to be
retrofitted and the
AC system
replaced

Table 3 - 3 . Information required by the design engineer

User
→ Actor

Required information

Information
acquisition
(other than
standards)

a) Needs of the building manager
(see above)

Already available
:
e)

b) Physical characteristics of the
building
- age (old/new/retrofit)
- dimensions
Design engineer

- thermal characteristics (thermal
insulation, thermal mass, glazed
surfaces)
- zoning of the premises (singlezone, multi-zone)

Already available
/ Obtainable
through fieldwork
:
d)
Provided by the
building manager
:
a)

- natural cooling/ventilation
opportunities (number and size of
openings)

Calculation of energy
consumption &
presentation of
performances
Rating and
performance of
products/component
s

High

Noise
→ see Task 1,
EPBD standard

Provided by the
building manager
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c) Activities and load patterns in
the building
- Occupancy patterns (number of
permanent/non-permanent
workers, working hours, spent time
at the same place, work hardness)

/ Obtainable
through fieldwork
:
b) / c)

- Lighting uses, number and power
of electrical appliances, hours of
use
d) Local climate + Internal
conditions
- External temperatures (degreehours, degree-days, bins)
- Average external air humidity /
Choice of internal humidity values
- Internal set point (temperature
and humidity)
e) Existing and corresponding
VAC systems with regard to the
needs
- Cooling capacity
- Energy consumption of the
cooling generator
- Energy consumption of the
associated auxiliaries (cooling
liquid distribution pumps,
evaporator and condenser fans,
condenser-cooling systems)
- Uni-zone vs. multi-zone /
Reversibility

- Availability and complexity of
control settings → their impact on
the final energy consumption
- Average total costs
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Table 3 - 4 . Information required by the installer

User
→ Actor

Required information

a) Installation instructions for the
VAC system

Main contractor
(installer)

Information
acquisition
(other than
standards)
Provided by the
design engineers
/ Provided by the
manufacturer :
a)

→ initial
installation
phase

b) Configuration of the premises in
the building

Corresponding
European standards
Rating and
performance of
products/component
s (whether
information for the
installation
procedure is required
by the standards)

Provided by the
design engineer :

Level of
knowledge

Medium /
High

Safety (National
Regulations)

b)

Table 3 - 5 . Information required for maintenance and by the beneficiary of the AC systems

User
→ Actor

Required information

Contractor
(initial installer
or other
technical teams)
/ Maintenance
staff

Information
acquisition
(other than
standards)

Identical
(see above)

a) Available manual and automatic
controls (room thermostat,
electronic controller)

→ beneficiary of
the VAC
functions

Level of
knowledge

Inspection of
installed systems
Identical
(see above)

→ maintenance
phase /
replacement
phase /
refurbishment
phase

End-user
(consumer)

Corresponding
European standards

→ see Task 1, EPBD
standard, including
inspection of VAC
systems

Provided by the
building manager
/ Provided by the
installer :
a)

b) Comparison with other thermal
comfort control means

Safety

Personal research
:

Medium /
High

In some cases :
Building automation,
controls and building
management

Low

→ EN 15232:2007

b)

1.1.3.

Focus on the installation and maintenance craftsmen

The AREA, which is the European Association of National Refrigeration and Air Conditioning
Contractor Associations, performed an extended survey to determine the actual job profiles of
refrigeration/air conditioning craftsmen and so the daily practices of contractors. 355 people from 7
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European countries, working in the refrigeration and air conditioning sectors, participated in the
survey. These workers correspond to the technical teams of the initial installers or maintenance
companies, which are the contractors so named in the previous table.
Interestingly, it was found that half of the companies are companies with less than 25 people and that
most of the companies work only nationally, with around half of the employees being involved with
operational activities. This partly implies that the market of installation and maintenance of AC
equipment is driven by local trends and contractors’ habits.
Figure 3 - 1 . European air conditioning and refrigeration contractors (AREA, 2004)

Moreover, the results of the survey showed also that there seems to be three main job profiles :
commercial AC technician, service technician and installation technician. Noticeably, these profiles
were not country-specific.
-

The commercial AC technician profile is a combination of commissioning and installation.
Craftsmen with this profile are working in small companies specialized in comfort air
conditioning. They seem to have more education than average and to cover around 30% more
activities than the average. Note that the task called air conditioning should normally
correspond to the setting of the comfort conditions, controls and set points.

Figure 3 - 2 . Profile of a commercial AC technician (AREA, 2004)

-

The service technician profile is narrower and lies especially in controls and fault analysis and
reporting. It contains some activities like checking and replacing components. The
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corresponding craftsmen are working in somewhat bigger companies and are less managerial
than others.
Figure 3 - 3 . Profile of a service technician (AREA, 2004)

-

The installation technician profile corresponds to more time spent on pre-assembly and setting
up of new installations. Craftsmen with this profile seem to work in small companies with about
6 colleagues with the same job. Contrary to the other profiles that deal indifferently with
refrigeration and air conditioning equipment, this one devotes particularly much of its time to
the air conditioning task, and thus the proper definition of the control and operating conditions.

Figure 3 - 4 . Profile of an installation technician (AREA, 2004)

With regard to the different job profiles, the contractors and their corresponding companies seem to be
more specialised in specific tasks and phases of an AC project, such as installation or maintenance,
although they are able to cover the whole range of the different technical tasks. It is then likely that a
building manager deals more often with different contractors throughout the life cycle of an AC project
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rather than a single one, though there is an increasing trend towards fully-integrated contracts with a
single company.
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1.1.4.

Main contract types

Design-bid contract
The most common HVAC contract type is a Design-bid contract: in accordance with the needs of the
building manager, design engineers design the installation. The building manager contacts then a
HVAC contractor/installer who is in charge of the installation of the system. The system can be
provided to the contractor either directly by the manufacturer, or by an intermediary HVAC system
distributor (sometimes acting also as a specialized design engineer for a given system), who is dealing
himself with the manufacturer. The building manager may be sometimes influenced by his staff and
the end-users of the AC system, while trying to clarify the requirements to the design engineer.
Under this scheme, the main actors are thus the building manager and the design engineer. The main
role of the building manager is to make the decision to install or replace the AC system. He may be
sometimes involved in the choice of the system, whether he has a sufficient minimum knowledge. His
main concerns are low initial costs and reaching the comfort expectations as well as aesthetical
issues, if the latter are of importance.
The design engineers are generally part of an independent consultancy engineering firm. They have to
specify performance criteria for the equipment, and select the system type and its components
according as well to economic parameters. The choice of a precise manufacturer and model can be up
to the building manager or to the design engineers.
It is then the main contractor who selects the equipment vendor/distributor, checking that performance
specifications are met. This decision is mainly based on the cost of the system, although some
contractors can have a specific partnership with particular distributors. Whether an AC system is
installed for the first time, the selection of a contractor is mostly based on the lowest installation price
available. Conversely, if the whole system or part of its components is replaced, the contractor that
had dealt with the initial installation might be chosen.
Back to the contractors survey conducted by the AREA, it seems that most companies offer multiple
kinds of services : 87% of the surveyed companies offered installation, repair and maintenance and
even 64% of the surveyed companies even offered all kinds of services, including sales and design. Of
course, this is from the angle of offer, which means that from the angle of demand and so of actual
situations, less contracts follow this design-build scheme (see below).
Design-build contract
In less common cases, for instance if formal design documents are not prepared, the building
manager can deal directly with the contractor, without asking any design engineers to do the
intermediary design work. This can help to speed up the installation process, though this can be at the
cost of an inadequate design, which in turns leads to greater energy consumptions and less
satisfaction of the end-users.

1.1.5.

The increasing role of Energy Service Companies (ESCOs)

With the growth of the HVAC market, there is now a greater emphasis on total energy service
companies. Besides providing energy services such as energy audit, project monitoring or project
design, ESCOs are firms that manage and coordinate all phases of an energy project. Although this
market is larger in North America, the trend towards a fully-integrated project design and management
can be found in the EU.
As far as energy efficiency is concerned, the performance contracting scheme proposed by the
ESCOs is thus an interesting option, especially when energy performance is guaranteed. In this case,
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the ESCO takes on all the risks associated with design studies, installation works and energy
efficiency guarantee.
The ESCO can also ensure the project financing. As an example, (Dupont, 2006) provides the scheme
of an energy performance contract, for which FINES N.V. is a Belgian ESCO:
Figure 3 - 5 . Example of an energy performance contract (Dupont, 2006)

According to the California Energy Commission, the main types ESCOs are as follows in the HVAC
market :
-

Large companies with existing energy equipment businesses that already have a whole
technical and financial expertise within their own staff. Their main focus is on large projects,
which include all project services, from energy audit through equipment maintenance and
monitoring. Some of them can provide administrative services, such as personnel to manage
and operate the facility.

-

Large companies with existing energy equipment services that are initially specialized in the
installation of HVAC equipment. They have a recognised expertise in HVAC technologies, but
are less likely to work on very large projects and to provide financial assistance.

-

Companies that were previously energy consultants, and have the knowledge of various types
of energy technologies. Large ones can have their own technical experts in specific fields,
whereas smaller ones need to team up with other firms to provide some of the needed
technical services. The equipment maintenance is generally contracted to other companies.

-

Companies specializing in specific HVAC technologies. In this case, these can be firms that
are already involved in manufacturing and selling the equipment, and provide technical
analysis, system specifications and project management in addition.

1.2.

DRIVING FACTORS OF THE DECISION-MAKING PROCESS
1.2.1.

Generic expectations of consumers

Consumers encompass the building manager and the end-users, but when coming to the choice of an
AC system, the decision makers are mostly the building manager and the design engineers.
-

Generally speaking, the building manager is mainly interested in the economics associated
with the system, and rather focusing on its initial capital cost (purchasing + installation). For
generic AC functions that are needed to condition his building, the cheaper the system is, the
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more likely he shall choose and purchase it, although this can be to the detriment of the
energy efficiency of the system (cold production, controls). This is partly due to his lack of
awareness of technical and comfort issues.
The efficiency of the system as well as the quality of the associated control strategies are thus
driving factors only if the manager gets a reasonable idea of what economic gains can be
achieved through lower electricity bills. It is the role of the design engineers to assess the
potential saving gains depending on different systems of equivalent cooling capacities, and
then to supply this information to the manager. Of course, the precision and reliability of the
information that is provided by the manufacturers about their equipment is determining.
-

End-users of the system do not have economic but comfort expectations. Air-conditioned
spaces are not often seen as comfortable by their occupants, which can be due to various
reasons, such as unfitted indoor conditions or the inability to control the thermal environment
(cooling and ventilation set points).
These expectations do not really have an impact on the system choice, as the building
manager is barely taking into account the needs of all the end-users, especially when the
conditioned building has great dimensions and numerous occupants.

There is also a trend towards the design and fitting of custom-made systems. The manufacture of
custom-made equipment has to suit the exact specifications of the customers, although the supply of
standard equipment of standard size and capacity still has the largest market share. Customers
(mostly building managers) are also becoming more demanding on the quality of the products and
maintenance/back-up services, and often checking that the contracted company meets quality
standards before any business is done.
The reference international quality standards for project management in the HVAC industry
(manufacturers, distributors, installers/contractors) are therefore the ISO 9000 series of standards (set
of guidelines) on quality management systems, and more precisely the ISO 9001:2008 standard
(Requirements). Moreover, there is more and more demand for the ISO 14001:2004 accreditation on
environmental management systems.
Eventually, the reduction of delivery times is a major issue in the European air conditioning market. A
study on the European Air Conditioning and Refrigeration Markets done by Frost & Sullivan
emphasizes that many customers prefer to use streamlined companies that can promise a shorter
delivery time. An acceptable delivery time for standard products seems to be approximately two
weeks. For less standard products, it is about three to four weeks. Delivery times are thus becoming a
major competitive issue.

1.2.2.

Which influence of economics?

As stated before, the decision-making process is mostly driven by economic concerns. From the
building manager side, the decision rules depend mostly on the knowledge of capital costs, operating
costs (electricity tariffs) and maintenance costs. Most of this knowledge has to be provided by the
contracted design engineers, who can estimate, in addition, returns on investment. Within the
framework of Ecodesign, the issue remains that estimations of the behaviour of decision-makers
through economic modelling are not available.
Interestingly, the US CBECS study [CBECS99], whose aim was to forecast end-uses of space
conditioning systems in commercial buildings, gives interesting standpoints. The distribution of
decision makers on the VAC market was based on a representation of their supposed economic
knowledge and described through the following parameters:
-

Price expectations of the decision-makers, based on the knowledge of past energy prices
(which mostly comes down to electricity prices for the VAC European market).
Estimated future energy price trends.
Discount rate preferences, whose choice is subject to bias.
Consumer resistance to change in retrofit situations.

15

The focus was mainly on past and future energy prices, considering that the decision-maker has a
more or less consequent knowledge of this topic. This in turn implies that the choice of a system might
be purely based on a cost-benefit optimisation, which does not take into account the influence of the
initial capital costs on their own or of the interest of the building manager in specific options /
innovations.
In the case of small companies with limited available budgets for building refurbishment, it is indeed
more likely that the purchasing price of the system is a particularly sensible parameter and is thus the
main economic driving factor. For instance, a firm can be the tenant of some premises over a limited
period of time, after which it is moving to a new building, because of an increasing staff that is the
consequence of profit-making activities. There is then no need to buy a more efficient central AC
system (which is designed for a specific use in the corresponding specific building) at a greater initial
cost, because its payback time would be greater than the duration of the renting, and the consumer
does not want to pay for the comfort and the profit of the next tenant.
The main issue is thus to see whether someone is taking advantage of the energy efficiency and to
understand who is going to be this profit-maker. The ECBC (Energy Conservation Building Code) from
the US DOE’s Building Technologies Program emphasizes that the decision-maker might be in some
cases the building owner, who is going to sell the building to someone else or to rent it, passing along
the operating costs to the tenants. In this case, the purchasing and installation costs of the system are
minimized and the energy efficiency of the AC system becomes of negligible importance, because the
operating costs of the systems do not concern the owner.

1.2.3.

Standpoints of building managers

As outlined in 1.2.2, the issue of the energy efficiency is probably more likely going to be raised by
managers from mid-size to large-size companies, who are dealing with larger investments and care of
the building image and the quality of its equipments. From this angle, a study of office tenant needs
(including the use and installation of HVAC systems) was conducted by the CBE (Center for the Built
Environment) of the University of Berkeley [CBE99], trying to assess how much they would be willing
to pay for them. Patterns specific to company sizes emerged:
-

-

Guerilla Officing. For participants from small companies, investment was low but creativity
high, with an “anything goes” attitude. This meant that these companies were very receptive to
new technologies and designs, as long as important investments were not required.
Mid-size conservatives. Conversely than participants from smaller or larger companies,
participants from mid-size companies had more difficulties to think outside the box. Whilst
dealing with alternative technologies and designs, they were rather narrowly focused on pure
cost-benefit optimizations.
Mature investors. Participants from larger companies showed a great interest in innovations
that required investment, provided that these innovations were cost-effective after a clearly
defined payback period and that these innovations had demonstrated their ability to improve
productivity.

Most participants stated that there was a lack of information on innovative building technologies and
especially on cost-benefits and payback times. They emphasized that HVAC systems were one of the
keys to provide an effective workplace environment, although they also complained that standard
systems were not able to handle internal loads and to provide specific needs like thermal comfort.
However, they had very divergent views on what should be provided specifically by the landlord and
had little enthusiasm for paying themselves a premium for improved options if they were not able to
control themselves the life cycle of the project as much as possible.

1.2.4.

The issue of noise

Though different systems might be mostly compared on the basis of their cooling capacity,
purchasing/installation costs and efficiency, standard noise levels are certainly not neglected by
16

project designers, all the more since European standards force manufacturers to provide them at
nominal rating conditions (maximum cooling capacity for a given indoor temperature and relative
humidity). Noise issues concern fanned terminal units (fan-coils, evaporators of refrigerant-based
systems) and all-air systems, for which the cooling is achieved into a central Air Handling Unit (AHU).
The following figure, based on the catalogue of Eurovent Certification, shows the repartition of noise
levels for 2-pipes non-ducted fan-coil units (the most frequent type of fan-coil unit in the catalogue),
depending on their cooling capacity at nominal rating conditions :
Figure 3 - 6 . Noise levels of 2-pipes non-ducted fan-coil units, as a function of their cooling capacity
(plotted from the Eurovent Certification online database)

It can be seen, for instance, that for a nominal cooling capacity of 2 kW, noise levels range from 30 dB
to 60 dB, while the Pc / Pf ratio (cooling capacity / fan power → efficiency of the fan-coil) can vary by a
factor of 5 around the same nominal cooling capacity. Since there is absolutely no correlation between
the standard noise level of the unit and its standard efficiency, it is then obvious that opting for a
system with a low noise level so as to satisfy some comfort requirements of the end-user might be
done sometimes to the detriment of a high system efficiency.
Figure 3 - 7 . Standard noise levels of 2-pipes non-ducted fan-coil units, as a function of their efficiency
(plotted from the Eurovent Certification online database)
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The influence of noise on the system choice is possibly of greater importance in some specific cases
for which end-users are more likely to have an impact on the decision-making process. This happens
rather in small-size companies, where end-users can directly and easily express their concern to their
managers, who are at the same time the decision-makers for the installation of the HVAC system. In
addition to that, Ayr and al [AYR00]. conducted an experimental study on noise in air-conditioned
offices, and observed a clear distinction between multiple offices (larger offices with more occupants)
and single offices. Noise levels were found lower in single offices, but the prevailing noise came from
the air-conditioning system, whereas for larger offices, numerous other noise sources like telephones,
computers, keyboards or speech were recorded and implied higher noise levels.
The type, size of the building and of its different thermal zones (which have to be linked to their
occupancy) might thus impact the decision-making process from the angle of noise levels, as well as
thermal comfort (which is dealt with in 3.2), especially when the manager of the project can be easily
aware of the concerns of the occupants / end-users. This concerns buildings like offices, hotels,
schools or restaurants.

1.3.

ADVICE, LEGISLATIVE REQUIREMENTS AND EXISTING COMPARISON MEANS
1.3.1.

Available information sources

Consumer guides
Consumer guides are not the key information source for the decision-making process but can be
helpful to customers (building managers) to interact with the contracted design engineers and
installers and check the quality of their work.
As the European AC market is less developed than the American one, the available consumer guides
are American. A majority concerns room air conditioners and central air conditioners (central air
conditioning systems mostly developed in dwellings) for households. Part of the information also
stands for larger air conditioners (package and split, ducted or not) for the purchasing and the
installation of air conditioners of larger cooling capacities (adapted sizing, considerations of initial costs
and payback times, maintenance of filters ...) , which means that this information can still be used by
consumers to help them make their choices.
There is no evidence of what information is really used by European customers and whether they are
likely to take advantage of the existing American reports. As a matter of example, the American
website Furnacecompare.com make the reviews of 45,000 boilers, central air conditioners and
furnaces at the disposal of consumers and provides advice on maintenance or troubleshooting
problems, as well as a price report about the available systems. Such an initiative at the scale of the
EU would be obviously of great help to European consumers, even if most likely to be helpful to
residential customers rather than design engineers.
Performance data of the AC products
Technical information on the products according to the European testing standards can be found in
the technical documentations of the products. Technical data also contain supplementary information
useful to compute the energy consumption of products. However, the levels of detail are manufacturer
specific. Design engineers, once they have computed the design requirements, can use certified
information from third party certification from certification programs where they generally find design
performance (at design cooling conditions for cooling products, maximum fan speed for fan coils, etc
...). To compute the cooling annual energy consumption, they generally need more information than
certified performances and what is supplied in the technical documentation of the manufacturers and
ask directly to the sales representative of a manufacturer for a specific product.
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Then, they can obtain detailed information for off design conditions on all the products they need and
some manufacturers even make detailed design and energy consumption calculation, or propose
complete calculations for the specific project.
There are two problems with this practice: the core information required by design engineers to
perform energy calculation is not available. Information obtained by design engineers is not certified.
The main issue here is not only to force manufacturers to give detailed information, as this information
is generally available and delivered to the customers when they require it. The question is also to
certify large amount of data: for instance for a chiller, the design engineer will need off design
performances at part load and varying outdoor temperature. He could also need to vary the water flow
at the evaporator and the temperature outlet at the evaporator and the water flow at the condenser.
This makes a lot of variables to consider.
In addition, the number of different products for sale is very large. With all the options for the same
cooling capacity of a cooling product (low noise, high efficiency, fit for lower temperature cooling, fit for
marine environment, with heat reclaim condenser, ...) it is not possible to test all the models. All
certification programs therefore define product groups. These have different names but could include
for instance a chiller scroll product range with its 10 or 15 models. Precise definitions can be found for
instance on the website of AHRI. It is explained how to define variations in a product group.
With the multiplication of models and of operating conditions, the solution widely adopted by
certification programs is to certify a manufacturer software containing all the data. The certification
main task is then to explicit how to certify a software with many different products and possible
operating conditions from limited testing and overall how to rerate the performances of all the products
in the software in case of test failure (with announced performance being lower than planned in the
software).
In this domain, there is no standard (the certification standard for third party certification does not
explain this type of rule). This is the agreement between manufacturers that makes law and defines
the conditions of the quality of the third party certification. Examples of operating manuals for
certification can be found in the website of AHRI (the American Heating and Refrigeration Institute),
the parallel of the Eurovent Certification Company in Europe for the USA.
Europe could help by standardizing rules of acceptance of large amount of data and explaining how to
certify software type of information. This would largely help the diffusion of manufacturer data in
building / HVAC system simulation tools and consequently help the diffusion of these tools which are
of primary importance to ensure proper design and energy calculation.
Eurovent Certification Company
The European reference information source of certified performances on AC products characteristics
is the database of the Eurovent Certification Company (ECC), although the development of national
certification schemes is a growing trend. Main programs have been described in the task 1 report.
Eurovent Certification reports energy performances and equipment characteristics of AC products sold
on the European market. These products are tested in accordance to test procedures established by
Eurovent Certification, at nominal conditions defined in general in accordance with CEN standards.
The comparison of energy efficiency performances between different products can be thus partially
achieved by HVAC systems designers, with a lack of centralised information on specific products like
AHUs and chilled beams. In this case, casing characteristics or geometrical parameters are provided,
but there is no assessment of the cooling capacity, the associated electrical consumption or the water
pressure losses that are necessary for the calculation of the distribution network.
However, the information on technical performances that is not provided by Eurovent Certification can
be found generally within manufacturer’s technical catalogues, all the more since the existing CEN
standards force them to provide a defined set of technical characteristics. The issue is then that this
information, if not certified by Eurovent Certification, is not assessed by someone else than the
manufacturer himself, which can induce a bias for the designer.
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Looking at all technical characteristics, the main key information that is omitted – because the basis of
the assessment is particularly hard to define – is a certification of the efficiency of the control system
and so of the interactions between the different products that form the whole VAC system.
Looking at manufacturer’s catalogues, the greatest difficulty is to compare the performance
characteristics of different AHUs. AHUs are indeed modular systems, and can be made of numerous
combinations of different elements, such as heat exchangers (heat recovery between the supply and
the return air), air mixing boxes for air recycling, cooling and heating coils, dehumidifiers (mostly
rotating dehumidifiers that require specific architectures, like for instance the addition of a second
cooling coil or a heat recovery circuit for the purpose of regeneration of the wheel’s adsorbent) ... The
design of the fans and their positioning within the AHU (for instance before or after an air mixing box)
can also have an impact on the increase of the air temperature, the pressure losses throughout the
ducts and thus the energy efficiency of the air cooling process.
Moreover, some AHUs can include a cooling coil fed with refrigerant and still be called AHUs, rather
than rooftops. It is then hard for the designer to take into consideration all the possible options whether
some systems somewhat identical are not classified in the same categories.
ECC has developed a label of for the energy efficiency of AHUs, so that the visibility is increased for
the customer and the designer and that a better comparison basis is set up. For this foreseen label,
the choice has been made not to take into account the use of a cooling coil within the AHU, which is
assessed separately, whereas heat recovery is included.
Currently, the only AC products that are labelled are small room air conditioning units aimed at being
used by households in the residential sector, or by other end-users in small offices / retail spaces
(following the 2002/31/EC labelling directive). The label is to be updated with the new rules for air
conditioners when available. The role of the energy label is to provide a clear and simple advice to
customers, whose knowledge of energy products is very limited, contrary to design engineers who can
draw quantitative comparisons of different products through calculations. One letter between G and A
illustrates instantaneously the overall energy performance of the product.
It can also be noticed that since 2006, a ESEER rating is used for chillers and that it shows the
willingness of Eurovent manufacturers to shift from design ratings to seasonal ratings, that better
represent the real life efficiency of their products. This is of course not enough for the design engineer
to perform energy calculation for a specific application but increases the value of the information
published. This is to be extended to AC products with the adoption of the prEN14825 and the entering
into force of Ecodesign requirements on air conditioners and heat pumps.
Guidelines for installation, maintenance and operation best practices
The lack of qualification of HVAC installers / maintenance technicians can be of great concern for
customers. Having said that, the actors who must be supplied with guidelines for good practices are,
to some extent, the designers, but above all the contractors (HVAC installers, maintenance
technicians, technical staff of the company that has purchased and is using the system). Some groups
and associations help to put in place education / training programs for installers and maintainers. Their
role is therefore mostly limited to the promotion of best practices that the contractor is then free to take
or not into consideration, contrary to European and national standards and regulations. The most
important associations are quoted as follows:
-

-

REHVA, which is the federation of European HVAC associations and the equivalent of the
ASHRAE in the USA. Some of the HVAC designer societies that are part of the REHVA can
have some regulatory power for qualification purposes, like CIBSE in the UK or Ordem dos
Engenheiros in Portugal.
AREA (see previous chapters), represents 9,000 specialized refrigeration and air conditioning
contractors and engineers, who can be in charge of design, installation, maintenance and
repair of AC products.
CEETB (European Technical Contractors Committee for the Construction industry) represents
the interests of about 450,000 European companies technical building contractors.
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The normative references for personnel / staff certification (certification of individuals and not of the
whole company; the link with the whole company is explained in the following chapter) are the
European standards EN 378(1 to 4) and EN 13313. As summarized by the AREA, certified people
must be capable of :
-

Detecting and identifying leakage points in a HVAC system
Recovering refrigerant
Evacuating systems or part of them
Commissioning new systems / Re-commissioning repaired systems
1.3.2.

Requirements from EU and MS legislations

Certification of contractors
According to the AREA, the certification of contractors in the HVAC market is currently made at a
national scale by a Certifying Body that carries out the functions of assessment and certification /
registration of the companies’ working procedures and structures (the Certifying Body is recognized by
the corresponding National Authority according to the EN 45012 standard). From the angle of good
practices so as to keep the energy efficiency at a satisfying level, the company that seeks certification
has to fulfil the following requirements:
-

It has to comply with the national legislation and administrative procedures.
It has to have at least one person with a valid certificate assessing her competences, as
described in chapter 3.3.1 (see above).
It has the necessary work procedures (leakage control, recovery, log books of equipment
serviced ...).

A best practice is of course that the Certifying Body controls the company periodically so that the
certificate is renewed, after a successful visit and report of an inspector.
The survey conducted by the AREA gives more information on the actual education and training of air
conditioning craftsmen in Europe. It seems that a majority of the surveyed workers had followed a full
time or part time education in refrigeration / air conditioning. For the others, a majority had followed a
general technical education, generally combined with one or more courses in refrigeration technology.
In fact, around half of the respondents stated that they had a diploma or certificate in air
conditioning/refrigeration engineering.
There are also great discrepancies between the European countries, as compulsory certifications are
not available in each of them. Hungary and Netherlands have clear regulation and hence almost 90%
of air conditioning/refrigeration craftsmen have a certificate. On the contrary, for other countries such
as France and Germany, less than 30% have a certificate, because of the lack of such regulations.
Minimum performances
The main legislative requirements that impact the design of an air conditioning system are then
efficiency requirements (minimum performances that must be achieved), which differ from a Member
State to another one. The full description of these requirements for the different Member States is
available in the Task 1 report, chapter 3.2.

1.3.3.

Financial incentives

Properly speaking, there are currently no financial incentives in European states that are specific to
the installation of an air conditioning system. However, some countries are introducing or have already
set up financial incentives to encourage investment in energy efficient products.
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A good example is the Enhanced Capital Allowance Scheme that has been put into place in the UK.
This scheme applies to businesses and provides a tax relief for investments in energy equipment that
meet energy-saving criteria. 14 generic technologies, divided into 53 sub-technologies, are eligible to
this scheme. From the side of air-conditioning systems, the following products are concerned:
-

-

Splits, multi-splits and VRF systems (air-cooled / water-cooled and electrically powered / gas
engine driven)
Packaged all-air systems / Air Handling Units (although no information on the eligible products
has been updated yet)
Water-loop heat pumps (same remark)
HVAC zone controls, which are in fact comfort coolers or chilled water systems with an
integrated control system (it has pre-programmed control strategies and can meet control
requirements for centralised HVAC plants, zone cooling / ventilation / air conditioning
according to principles like occupation schedules or presence detection)
Four categories of packaged chillers (air-cooled / water-cooled, cooling only / reversible)
whose cooling capacity must be less than or equal to a specified value (see Task 1, Chapter
3.2.8 for more details)

Taking the example of splits / multi-splits and VRFs, the products must achieve EERs greater than
respectively 3.20 and 3.30. The ratings must be obtained under test conditions that match the EN
14511-2:2007 standard, as for products certified by Eurovent. Whether the product is part of the
eligibility list and meets the energy efficiency requirements, the company that purchases it is then
making a claim to obtain a capital allowance deduction.
A financial deduction (tax credit) is then given in full in the year the initial capital expenditure
(purchasing, transport, installation of the product) is incurred. The amount of the credit is worth19% of
the capital expenditure. The ceiling is set for an upper tax credit of £250,000.
A similar scheme has been set up in Ireland and is called the Accelerated Capital Allowance Scheme.
The amount of the credit is worth 12.5% of the capital expenditure in this case, but only a few HVAC
products are currently covered (chillers and HVAC control management systems are concerned but
very few information is available at this stage).
Back to the British scheme, a second option, which only applies to purchasers who are at the same
time the end-users of the product, is to claim a value for a product that does not qualify for an
Enhanced Capital Allowance but does contain a component that applies. In this case, the ECA is
claimed on the proportion of the cost relating to the eligible component and is called a “ Claim Value”.
As far as the study team knows, there are no other equivalent schemes in Member States. However,
there are now new legal statements under the Energy Performance of Buildings Directive (EPBD). The
Article 9a tackles indeed financial incentives, and requires MS to “list incentives from technical
assistance and subsidies to low-interest loans by 30 June 2011 for the transition to nearly zero energy
buildings”. Air-conditioning products are not directly quoted, but the outputs of this legislative
preparation period could include HVAC systems to reduce the energy footprint of the concerned new
buildings.
The European Commission and the European Investment Bank have also launched the new
European Local Energy Assistance facility, with a € 15 million funding budget in 2009, aiming at
improving the preparation of quality projects in the field of energy efficiency. The energy refurbishment
of buildings through efficient air conditioning systems is eligible and can lead to the development of
investment programs by local authorities (scale of cities / regions, eco-village) which can be to the
advantage of a precisely chosen air conditioning technology, promoted against less efficient ones.
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2.

SUBTASK 3.2 - USER REQUIREMENTS IN THE USE PHASE

2.1.

SYSTEM SIZING
2.1.1.

Calculation of the cooling/heating loads

Main principles and remarks
For a proper system sizing, the design engineers need first of all to evaluate the cooling/heating loads
of the building inside which the system has to be installed.
From a scientific viewpoint, the most accurate solution would be to use a dynamic numerical
simulation method to calculate the building loads, generally on a hourly basis. On a national basis,
sizing climate sequences may be available to perform this type of calculation. The effect of heat
waves, with long periods of high day and night temperatures can be taken into account.
Such an approach shall, in practice, rely with an accurate precision on the size and type of
construction material for each component of the building envelope, as well as on the evaluation of
sensible and latent heat emissions from people, lights and equipment inside the building. In numerous
cases, the building shall also be divided into different thermal zones: the cooling/heating loads are
then calculated separately in each of these zones. Cold/Heat emission AC products (that are part of
the whole AC system) shall be then specifically sized so that they are able to match the calculated
loads of the different thermal zones.
In real life, this is only a theoretical ideal situation. Dupont (2006) stresses that calculating precise
cooling/heating loads for each zone with a dynamic simulation method can be time-consuming, which
can be too much to afford for the customer who orders the design study. On one hand, the greater the
building and so the project, the more precise the load calculation and system sizing, because then the
costs of this lay-out phase represent only a small share in the total costs of the project (in comparison
to purchasing and installation costs).
But on the other hand, for buildings with limited air-conditioned surfaces, the cooling/heating loads are
rather calculated through the use of average ratios (otherwise said, more or less precise rules of
thumb). The use of average ratios can induce great biases. The consequence is that designers, so as
to protect themselves against any complaint from their customers, need to take into account important
margins of errors. This leads them to oversize the cooling capacity of the AC system so that it always
matches the cooling loads of the building, although at the cost of a higher electricity consumption.
It is also not obvious to assess to what extent the data that is used for load calculation is accurately
estimated. This depends partly on what is provided by the building manager (or the architect). The
ideal would be that he provides:
-

The building plan (geometry, thermal characteristics of the envelope, water distribution
network if water is needed for cooling, openings for natural ventilation opportunities / issues).
The occupancy rates (number of people who are working / staying within the building, which
number is generally varying with the time of the day and the day of the week) that can be
based on the available schedules.
The activity types and intensities of the occupants (used to calculate their heat emissions).
In some cases, when this is known, end-users preferences.

For existing buildings, it seems then that other parameters shall be better assessed on the field by the
design engineers, like:
-

Lighting loads (how many lights? of what capacity ? used according to what schedule / pattern
of use ?).
Equipment loads (same questions).
Room configurations, so that a typical mounting is chosen for the terminal units, if needed.
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-

Natural ventilation + cooling opportunities and air leakages.

Once again, this kind of thorough assessment is probably only used for large projects, as more people
are impacted by the installation of the AC system, which means that precise sizing becomes more
critical (for instance large office buildings or hotels in which the comfort of the end-users is a major
concern, with numerous end-users that could complain to the designers about a bad sizing, because
of poor and unaccepted comfort conditions).
Reference methods
Actually, one can find numerous intermediary calculation methods that range somewhat in between
very generic calculations with average ratios for small buildings or well-known types of projects, and
complex hourly-based dynamic simulations. Some of the static calculation methods are widely used
and come from recognized organisations / companies such as the ASHRAE, Carrier, or the AICVF in
France.
Reference organisations propose their own simplified methods based on sets of tables for the design
outdoor temperature and humidity. They take into account various parameters of the building envelope
(orientation of the walls, wall materials, glazing types ...), which can be associated with one or more
design outdoor temperature (depending on the average climate at location). The reference tables
provide then a load coefficient for each combination of building parameter and outdoor temperature.
Once all the necessary load coefficients have been determined, the designer is then able to calculate
the cooling loads of the building, through equations provided in the method. What is obtained is the
required nominal cooling capacity (Power unit like kW or W/m2).
The issue of weather data
Weather data is particularly sensitive while calculating the cooling loads of the building. In absolute
terms, design engineers shall indeed use reference climate data at the location of the building
because environmental parameters like the outside dry bulb temperature or the outside relative air
humidity are amongst the parameters that have the greatest influence on the overall energy
consumption of the AC system. This part is treated in the paragraph 2.4.
Reversible units
Concerning reversible units, the designer generally sizes the AC product/system according to the
application and so the building sector. In the residential sector, for which AC products are rather
covered by ENER Lot 10, users generally require the installation of a heating system, with the cooling
function of a reversible unit being seen as a ‘bonus/prime’ that can be obtained with no great increase
in the purchasing price.
On the contrary, in commercial buildings, for which AC products are rather covered by ENTR Lot 6,
the primary function of an AC system is nearly always the cooling function. This means that once the
choice has been made to purchase a product/system for the purpose of cooling, it is then the heating
function of a reversible unit that can be seen as a ‘bonus/prime’ for no great increase in the
purchasing price. Therefore, the design engineers focus more on a precise sizing or oversizing of the
cooling function.
Reversible units have also very close nominal cooling and heating capacities (kW), which does not
allow a great design flexibility and a good balance between both functions, because average operating
conditions (average building loads and temperatures over a year) and optimum operating conditions
(load and temperature conditions at which the unit is operating with the highest EER or COP possible)
in cooling and heating modes are absolutely not correlated. Consequently, the case for which both
cooling and heating functions are properly sized to match precisely all the annual cooling and heating
needs with optimized electricity consumptions is very uncommon.
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To avoid the sub-optimal use of the product, this generally leads the designer to add another heating
or cooling system depending on which has the major load.
Heat recovery between heating and cooling
Heat recovery VRF systems, water loop heat pump systems and other water system configurations
enable to recover part of the heat removed to cool a zone in order to heat another zone
simultaneously. When such simultaneous heating and cooling requirements occur, those systems are
thus more efficient at performing both functions.
Some results from IEA Annex 48 (Stabat, 2009) have shown that the simultaneous demands of
cooling and heating in typical office buildings are low. The study has been carried out using a building
energy simulation tool. Several office building types have been selected based on a typology defined
in a project with CSTB (Millet, 2005). The Figure 3 - 8 below shows that the heating and cooling
demands are essentially not simultaneous for the 800 building cases (5 climates, heating and cooling
set points 20/25°C, high and low internal loads, high or low solar gains, high or low ventilation rates,
east/west or south/north orientation and five office building types).

Figure 3 - 8 . Percentage of the heating load when cooling load is also requested in the building for all
simulated office building cases (each dot corresponds to a building case. Only the main parameters are
presented on x-axis)

From this concomitant heating and cooling demand, a heat recovery potential has been calculated.
The recovery potential is calculated hour by hour (Figure 3 - 9) as the percentage of heating demand
which could be provided by a chiller condenser under the following conditions:
• the “chiller” is in operation in order to provide the cooling demand;
• the “chiller” is designed to meet the peak cooling load;
• The maximum heating power available on the condenser is calculated based on energy
conservation principle such as (EER+1)/EER × cooling power provided by the chiller at the
step time, the supplementary heating demand is assumed to be covered by another heating
system.
No consideration on the emitter temperature levels required is done here. High temperature level
emitters reduce this potential of heat recovery or even make impossible the heat recovery.
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The % of recovery is calculated as the ratio between the total heat recovery for space heating and the
total space heating demand.

Figure 3 - 9 . Estimate of heating energy recovery on chiller condenser

In most of the cases (figure below), the heat recovery potential is below 5% except for extreme cases
(high internal loads and closed heating and cooling set points) and for hottest European climates
(Athens and Lisbon). However, in these hot climates, the total heating demand is low such a way that
the heat recovery in kWh/m² is low even if the heat recovery potential in % appears interesting.

Figure 3 - 10 . Heat recovery potential (in % of the total heat demand) for all simulated office building
cases (each dot is plotted on the x-axis similarly to Figure 3 - 8)

The heat recovery potential in most of typical office building cases in European climates does not
exceed 5% of the total heating demand. Only in 20% of the simulated cases, the heat recovery
overpasses 5% and half of these values are in the Lisbon climate.
As a conclusion, the potential of heat recovery on chiller in office buildings appears to be quite low in
most of the studied cases. In the cases where the heat recovery potential in % is interesting, the total
heating demand is low so that the heat recovery in kWh/m² is quite low.
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However, it is essential to notice that these conclusions cannot be generalized to all office building
types and heat recovery potential but instead should be studied for each particular case. For instance,
the heat recovery is expected to be high in office buildings with large data centres.
Modelling heating and cooling loads in ENTR Lot 6
In ENTR Lot 6, the cooling and heating load are modelled for typical buildings characteristics which
are described in § 2.5 and in Annex 1 of Task 3. Despite ENER Lot 1 already modelled the heating
load of boilers, this was mainly done for dwellings whereas the AC systems of ENTR Lot 6 are mainly
installed in medium and large sized commercial buildings. This is the reason to have different
modelling hypothesis. Commercial buildings generally have balance points (transition from heating to
cooling) at much lower temperatures. In ENER Lot 10 and ENER Lot 1, a balance point at 16 °C was
used. For commercial buildings, the balance point is generally below 12 °C. The weather data (see §
2.4.1) used to compute the heating and cooling loads are the same used in ENER Lot 1 and ENER
Lot 10.
2.1.2.

The issue of oversizing

The system is sized so that its cooling capacity can meet the cooling loads of the building. Cooling is
computed first for these systems which mostly would not be installed whether there was no cooling
need. Heating capacity available in case the AC system may be reversible is then compared to the
heating requirements. If required, an additional heating system is then used to complete the capacity
of the reversible AC system. Depending on the total cost of the system, it may also be more
economical to treat separately heating (with an already existing boiler system for instance) and cooling
requirements.
As described before, rough calculations of these loads and “security coefficients” can induce important
oversizing. This is particularly detrimental to the energy efficiency of the system: most cooling
generators should already operate below 50 % part load conditions in average if properly sized, but
this 50 % goes down to less than 25% for 100 % oversizing. In these conditions, any air conditioning
systems operates at low efficiency.
Oversizing is thus detrimental regarding energy consumption, and also has higher first cost and
operational costs. Proper sizing hence is forcedly beneficial economically and is not the rule.
It has also comfort consequences on dehumidification. Dehumidification can be key for an AC system,
especially in some specific climates, in order to ensure a satisfying thermal comfort and to reach a
sufficient internal air quality (IAQ), so that health concerns are avoided. The ability of the air
conditioner to remove moisture depends on the mean temperature of the cold emitter (evaporator of
the refrigerating machine or cooling coil of the terminal unit / AHU fed with chilled water). This means
that this temperature has to be low enough (lower than the dew point temperature of the cooled air) so
that the water vapour initially contained in the air condensates on the coil.
For each start of the AC system and thus of its cold production unit, it can take up to 10 to 15 minutes
for the coil to get cold enough to condense the water vapour (after which the coil enters a “wet coil”
phase). As an oversized system has shorter running times, it is operating a higher percentage of the
time in a “dry coil” phase, during which it does not dehumidify the air.
An oversized AC system tends not to run long enough so that a sufficient amount of moisture is
condensed and a good dehumidification / moisture control is achieved. In addition to non-negligible
impacts on thermal comfort, IAQ and human health, a higher relative humidity of the internal air
provides a better environment for the growth of destructive fungi. If unchecked, this phenomenon
might eventually damage the covering of the internal walls (paint, drywall paper) and the integrity of
wood products, which expand as their moisture content rises.
Other problems result from this oversizing:
-

From the perspective of the comfort of the end-users, an oversized AC system raises several
issues. It is normally noisier than a system that is properly sized, because of the greater size
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of the associated fans. As it is operating over shorter running periods, it also reduces the air
filtration and so the IAQ (in addition to a possibly sensible bad moisture control).
-

An oversized system leads as well to greater internal temperature variations, especially
whether the conditioned premises are not well insulated and/or have a low thermal inertia.
Note also that if the internal air temperature sensors are, on purpose, located away from
windows, ventilation openings and air inlets, by the time they sense a higher temperature due
to a new cooling load, perimeter areas may have increased by several degrees. Whether endusers are located close to these areas, they might feel too warm and decide to decrease the
set point temperature of the system, so that they get sure to be cold enough, whatever the
situation is.

As a consequence, an oversized system leads to an increase in the variations of the internal comfort
conditions, which induces the risk that unsatisfied end-users decrease the cooling set point and make
the energy consumption of the system increase.

2.1.3.

Other important parameters

Power density of the cold emitters / Building refurbishment
For a given design cooling load, the designers tend to choose a system among others because of
several criteria. One of the constraints faced by high temperature emitters (that allow to reach higher
cooling efficiencies of the production units) is the power density required in the room, which will
impose minimal density of capacity for the emitters (capacity per square meter, or per linear meter for
passive and active chilled beams).
Looking at initial costs, which have a greater impact on the decision-making process than operating
costs (see 1.2), it might be less expensive to install fewer terminal units with high power densities than
numerous terminal units with small power densities. For large conditioned spaces with important total
cooling loads, this can come particularly in favour of typical systems like rooftops and AHU-based
systems (CAV, VAV), which are packed and can reach high cooling densities.
Interestingly, the issue of power density shall become less sensitive if the installation of the new AC
system is part of a refurbishment scheme of the existing building or of the construction of a new
energy-efficient building. The sizing and purchasing of the system shall depend then on other energy
reduction measures, like better lighting, glazing or office equipment. Such measures allow to reduce
the cooling loads of the building, which implies a lower power density.
For the European Keep Cool project, the potential impact of different energy reduction measures was
assessed through numerical simulations, for typical buildings and different typical European climates.
The example below shows the cooling needs for a typical office building, and their estimated decrease
depending on different single actions or packs of several actions.
Figure 3 - 11 . Drops in the cooling needs of a typical building for different energy reduction measures
(Keep Cool project)
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By comparison with the reference case, one can see that single measures such as the installation of
external blinds (screen or venetian blinds, see actions 2 and 4) can lead to a sharp decrease in the
cooling needs, whatever the climate is. Consequently, for refurbished buildings or new energy-efficient
building, lower cooling load densities allow to install new AC systems with smaller power densities.
Eventually, it is important to make the distinction between the different choices a designer can actually
make. Whether the new AC system has to match smaller cooling loads than the older one that is
replaced, one can consider in fact two main options:
-

By comparison with the previous system, the new one is downsized: it has a smaller cooling
capacity and, as can be hoped, an intrinsic higher efficiency as well. This normally implies that
smaller ducts, pipes, pumps or fans of the associated ventilation system replace the older
ones. The latter must be uninstalled, at a cost that can be particularly high for the customer
whether the configuration of the building is not easily suitable for this process.

-

It has been shown that the initial costs are often the main criteria for the choice of a system.
To avoid dismantling costs and high installation costs, it might be less expensive not to
change ducts, pipes and auxiliaries and install a new system that has roughly the same
cooling capacity than the older one and this solution will lead to an inefficient and oversized
new installation.

Aesthetics concerns
Note that, as seen in chapter 1.1, the architect can influence the design and choice of the system
through checking of the integrity of the building. The architect might raise some issues and veto the
design proposed by the engineers. This stands mainly regarding the integration of indoor units into the
building but also for outdoor production units that are likely to be installed in a hidden place, over the
roof for instance.
The persistence of bad design habits
Struggling against bad sizing habits is a somewhat difficult process. The use of “rules of thumb” and
worst-case assumptions is widespread. These practices have often been developed years ago and
are all the more unsuited to current situations since they had been initially established for older
buildings.
Moreover, the AC equipment is sized before the job is secured, and many customers are not really
keen on paying a consequent extra for an accurate numerical modelling of their premises. As they are
often not aware of the positive impacts of an energy-efficient system, they might get satisfied as long
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as the initial costs remain limited and reasonable indoor comfort levels are achieved. One has to pay
for quality, and HVAC contractors who make the choice to follow best practices and hire a qualified
personnel are likely to make costlier bids than their competitors, which makes them risk losing
contracts.
In the end, the customer opts rather for lower bids but large systems because of the fear of
undersizing (“if the system is not large enough, will it be able to handle properly all the job?”).
Considering that there is little incentive for a designer to perform precise load calculations, the sizing
process comes back to bigger systems because they imply bigger contracts and a guarantee of bigger
profits.

2.2.

INSTALLATION, MAINTENANCE AND TYPICAL FAULTS
2.2.1.

Installation issues

Though the lay-out phase is critical, a poor installation can also have consequent negative impacts on
the energy consumption and efficiency of the AC system.
According to the American Energy Star HVAC Quality Installation Program, which applies to
residential HVAC efficiency and has been put into place in 5 American states, the energy savings
potential from improved installations could range from 18% to 36% for central air conditioners (ducted
split mainly for residences in the USA). A typical air conditioner installation might indeed be close to
the next figure. Note that these energy proportions are given as a function of the total energy
consumption of the system, which includes both ventilation and cooling electricity consumptions.
Figure 3 - 12 . Typical installation of an air conditioner in the residential sector (Energy Star Quality
Installation Program)

During the installation phase, the key issue is proper duct installation to minimize air leakages.
Improperly sized and installed air distribution systems can make increase the cold production if the AC
system is an all-air system or if an AHU is used to precool the supplied air. The consequences can be
as follows:
-

For long ductworks, part of the ducts might be located above rooms that are not cooled by the
AC system. In this case, part of the cold is lost through leakages in these rooms and the
cooling in the rooms that do need to be cooled becomes insufficient. The thermal comfort
might not be met anymore. A possible direct consequence is that the end-user gets
unsatisfied and decreases the set point or increases the air flow rate to improve his comfort.
The cold production increases and so the associated electricity consumption
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-

Important leakages make the fans of the air distribution system work more to compensate the
lack of air flow rate. This has a direct impact on the electricity consumption associated with the
ventilation. But it can also impact the cold production whether the fan that compensates the air
leakages is located before and close to the cooling coil that cools / precools the supply air. As
the required air flow rate is equal to the increased air flow rate from the fan minus the air
leakages, the cooling coil cools then all the increased air flow rate from the fan, and
consequently too much cold is produced.

From the angle of the energy consumption, the right installation of air temperature sensors in the
conditioned rooms can be also of great concern. Indeed, the indoor air temperature can more or less
vary with the height of the room, depending on the type of ventilation that is installed (exhaust, mixing,
displacement).
For instance, Melikov & al. recorded air temperatures at different heights in a room equipped with an
exhaust mechanical ventilation system, at a distance of 0.8m from the air supply. Their records were
as follows:
Figure 3 - 13 . Records of the air temperature of a room at different heights (Melikov & al.)

If the temperatures sensors are installed close to the ceiling, where the air is warmer than the air felt
by the occupants, there is a positive deviation of the measured indoor air temperature from the actual
comfort air temperature, which makes the cold production increase if the AC system is automatically
controlled.
Unfortunately, there is currently no available figure on how central air conditioning systems are
installed in Europe and on what the impact of the existing installation practices on the energy
efficiency of the systems is.
2.2.2.

Cold production: main faults

According to Braun & al., chiller faults (and to a larger extent, faults of the compressors of any cold
production unit) can be divided into two categories:
-

Hard failures that occur abruptly are the most frequent and expensive faults, such as
compressor failure (the compressor stops working) and electrical faults. Normally, the use of
an automated fault detection and diagnostics (FDD) system is able to detect and diagnose
them easily at a low cost. They shall be split into two categories :
o

Either they cause the system to stop functioning. In this case, they do not have an
impact on the energy consumption (once the compressor stops working, the energy
consumption associated with the running of the compressor’s motor becomes nil until
it is repaired) but on the maintenance costs and thus on the life-cycle costs. They
represent an economic impact only.
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o

-

Or they cause the AC system not to meet comfort requirements anymore. This can be
due for instance to the failure of the control system. In this case, there is a net energy
loss since the compressor is still working but not providing the required thermal
comfort anymore. A direct consequence can be that the end-user lowers the indoor
temperature set point, making the energy loss to further increase, until he becomes
aware that the AC system has to be shut until its maintenance is properly done. One
can thus consider that this second category of faults impacts the energy consumption
but, strictly speaking, has nothing to do with the efficiency itself of the chiller, rather of
the system as a whole.

Soft faults that cause a degradation in performance but allow continued operation of the AC
system. Contrary to hard failures, these faults have a direct impact on the energy efficiency of
the chiller and come more directly within the scope of ecodesign. Comstock and Braun
conducted a survey among the major American chiller manufacturers. They found that
considering all soft faults, they cumulatively accounted for 42% of the service calls made and
26% of the repair costs. The following faults were listed :
o
o
o
o
o
o
o
o

Reduced condenser water flow
Reduced evaporator water flow
Refrigerant leak / undercharge
Refrigerant overcharge
Excess oil
Condenser fouling on the airside
Non-condensables in the refrigerant
Defective expansion valve (clogged expansion valve)

Braun & al. made also experimental tests on a 90 ton (316 kW) centrifugal chiller to investigate the
effects of these 8 faults. If one picks the example of a reduced condenser water flow, it can be seen
that depending on the evaporator water leaving temperature (see below TEO = 45°F), on the
condenser water entering temperature (see below TCI = 65°F / 75°F / 85°F) and on the loading of the
chiller (measurements were done from a part load of 30 ton = 33% to the full load of 90 ton), the
electricity consumption of the compressor’s motor could increase by up to 16%, and so the efficiency
decrease as well by 16%. Note that measurements were made for 4 fault levels (10% to 40% of water
flow reduction).
Figure 3 - 14 . Deviation in the electrical consumption of a 90 ton (316 kW) chiller for a reduced condenser
water flow (Braun & al.)
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Back to the survey conducted by Comstock & Braun, the common faults were sorted out by frequency
of occurrence and relative cost to repair. From the angle of soft faults leading to a decreased chiller
efficiency, the most frequent fault was refrigerant leakage with a proportion of 19%. The other soft
faults, such as condenser fouling, defective expansion device, evaporator and condenser water flow
losses, roughly accounted for the same frequencies of occurrence. Interestingly, while looking at
maintenance costs, the repartition is clearly modified for part of the reported faults. The burnout of the
compressor’s motor, which was one of the less occurring faults, is on the other hand the costlier.
Unfortunately, no quantitative information was provided about the degradation in chiller efficiency,
regarding the reported typical faults.
Figure 3 - 15 . Survey of common faults for a range of 500 chillers manufactured by the main American
manufacturers (Comstock & Braun)

Frequencies of occurrence
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Relative costs to repair

As for installation issues, the actual occurrence of faults in AC systems currently installed and
operating in Europe is unknown and impossible to assess. The only way to take them into
consideration is to use existing fault models to calculate the impact of different fault levels on their
electricity consumption.
To the study team's knowledge, the most comprehensive work in this field is Bory’s PhD thesis on the
Analysis and simulation of defects of operation for air conditioning audit. The focus was on the
analysis of defects occurring during the operation of split systems and chiller systems. Bory computed
the effect on the cooling and the annual energy consumption of different typical split and chiller faults,
looking at average systems installed in an office building (so that the influence of the local weather
was taken into account, it was modelled at different locations). Depending on the location of the
building, she also remarked that maintenance tended to be cost-effective only regarding specific
conditions (warm climate plus reduced maintenance costs). Clearly, this might be detrimental to the
real life efficiency of AC systems: the building manager could prefer to minimize as much as possible
maintenance operations and their associated costs, letting the energy efficiency deteriorate.
Figure 3 - 16 . Condenser fouling: effect on the annual energy consumption for an office building in Nice
and Trappes / Global savings for regular condenser cleaning of a fouled condenser, office building
located in Nice (Bory)
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Noticeably, Mowris led a large campaign of refrigerant charge verification, though only for central air
conditioners, and found that 72% of the 4000 tested products were improperly charged. He also
showed that after proper charging, the energy efficiency gain could be much higher than expected in
simulations. This is certainly partly true for standard split and multi-split systems in Europe but not
forcedly for larger systems.
2.2.3.

Refrigerant use

Because of cost-benefits issues, the banning of CFCs and HCFCs can impact consumer behaviour,
and so refrigerant use, as follows:
-

Rather than replace too soon an old AC system that uses CFCs/HCFCs for a new one, one
might rationally prefer to use it as long as possible. Therefore, in a way or another, it would be
interesting not only to take into account the current use of CFC/HCFC-charged AC products
but also to estimate the future date at which they will have disappeared from the European
market.

-

From January 2015 onwards, end-users will not be allowed to use HCFC refrigerants for
maintenance purposes (refilling existing installations). Therefore, whether an HCFC-charged
cold production unit is leaking before its end-of-life, it will be compulsory to empty the
refrigerant and change it for an authorized one. In theory, one could think cost-effective to refill
the old unit with a new HFC refrigerant, rather than replace the unit with a new one.
Actually, it is technically difficult to discharge the refrigerant if the unit is equipped with
hermetic compressors without changing them for new ones, which is a frequent situation.
Because the refrigerant is mixed with oil for compressor lubrication, the oil must also be
completely removed : different oils are required, depending on the refrigerant, and it must be
ensured that no remnants of the previous oil mixes with the new refrigerant-oil mixture, which
also raises technical issues.
Consequently, the study team does not believe that HCFC-charged (mainly R-22) old chillers
or single split systems will be refilled with HFC refrigerants in the near future. However, this
could become cost-effective for old VRFs installations, or multi split systems with an important
number of indoor units. A VRF system is installed with a dedicated refrigerant piping system to
supply its terminal units, so its replacement implies costly building alteration works.
The issue is then that the energy efficiency of the system is likely to decrease, as it has not
been initially designed to work with the new refrigerant. This can induce a supplementary
electricity consumption and should, in theory, be taken into consideration when the equivalent
GWP of the whole system is computed.
Numerous studies have been conducted on the shift in chiller performance due to R-22
replacement with R-407C, showing in most cases a drop in performance. Also this variation
partly depends on the heat exchanger types, it is primarily related to a decrease in the heat
transfer coefficient of R-407C compared with that of R-22.
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As a matter of example, Lee & al. investigated the drop-in performance in a screw chiller due
to the use of R-407C as a substitute for R-22 [Lee & al., 2002]. The cooling capacity of the
chiller could decrease by 10-20% and the EER by 20-30%, depending on the evaporating and
condensing temperatures.
Figure 3 - 17 . Performances comparison of a 100 kW screw chiller charged with R-22 and R-407c
refrigerants – Pc / Pc, nom and EER / EERnom as a function of the refrigerant temperature at the inlet of the
evaporator

Unfortunately, changes in performances are likely to be product-specific (VRF type, capacities,
temperature and pressure operating conditions) making a general assessment of the
refrigerant retrofitting difficult at the scale of numerous systems, all the more since this is going
to take place rather after the beginning of 2015.
2.2.4.

Maintenance and inspection

Maintenance
One can see that maintenance can be critical to the efficiency of an AC system but that from the side
of the manager, its cost-effectiveness is not obvious.
Technical advice from manufacturers has been made compulsory by the EN 14511-4 standard
(electrically-driven air-conditioners, chillers and heat pumps). Instructions for installation (some of
which are in fact useful to the inspection) and maintenance practices must be provided, particularly:
-

Advice for maintaining cleanliness of heat exchange surfaces. Note that some manufacturers
develop also easy access filters to enable the end-users to make themselves preventive
maintenance.
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).

Regularly scheduled maintenance program guidelines are thus supplied when AC equipment is
purchased. However, this information is only indicative and the manager of the system is not forced to
follow these advices. In some cases, maintenance can be part of the initial installation contract, for
instance whether the contracted installation firm is also able to handle it. Unfortunately, the extent of
maintenance frequencies and practices in Europe is unknown.
According to a survey conducted in France, in most cases maintenance is seen as satisfying by the
manager of the AC system. In fact, this viewpoint applies to the seriousness of the service and not to
the potential improvements in the energy efficiency:
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-

The maintenance can be in fact divided into the cleaning of the filters, fans and accessible
coils of the terminal units on one side, and the maintenance of the cold production unit on the
other side.
As no specific qualification is required to do it, the cleaning is often done by the general
services of the building.
Regarding the purchasing and/or installation warranties, the maintenance of the cold
production unit is often done by the manufacturer or the installer during the 1st year of
operation. In nearly all cases, it is then another technical firm that takes care of it, generally
once per year.

It is then obvious that it is the maintenance of the cold production unit that is critical, because it
requires a consequent knowledge on all the possible fault types but also on the equipment that has
been actually installed to be properly done.
The AREA survey of European AC craftsmen, presented in Subtask 3.1 in relation to ecodesign,
shows that the main maintenance tasks consist in the replacements of components, the checking of
the refrigerant charge and the refrigerant refill of the system. There does not seem to be a particular
focus on the decrease in energy performance of the system on its own.
Consequently, the focus should be put on FDD systems (Fault Detection and Diagnosis), to allow a
quick faults detection and to ensure that easily collected and readable information can be used
properly by the maintenance team. Currently, no European standard has been developed to establish
a common fault detection code / framework, but manufacturers of cold production units with large
capacities begin to develop and implement complex systems. The important costs of sensors and
computer technology make FDD systems more cost-effective for large equipment, for which
substantial economies of energy can lead to great economic gains.
The EPBD framework for inspection
The reference European framework for the inspection of AC systems is contained within the articles 15
to 18 of the EPBD. The technical points are comprised within article 15 and summarized below:
-

-

It applies to systems with effective rated outputs greater than 12 kW.
What has to be assessed is the efficiency and sizing of the system regarding the cooling
requirements of the building. The assessment of the sizing does not have to be repeated until
a change is made on the architecture of the AC system (partial change of equipment) or on
the cooling loads of the building.
The frequency of inspections can be set differently by the MS, depending on the type and
effective rated output of the systems. It can also be reduced whether an electronic monitoring
and control system is in place.
MS are encouraged to ensure the provision of advice to the users, on the replacement or the
modification of their AC system. This advice can be the result of the EPBD inspections but
also provided directly without getting necessary through this inspection process.

Because the recast EPBD (2010) is progressively implemented in the MS, there is currently no
available database of its corresponding measurements and results. Obviously, the outputs of the
EPBD could have a clear impact on the real life efficiency of the European AC systems, but it is
impossible today to know to what extent.
Reviewing the EPBD, the European HARMONAC project on inspection and audit procedures of AC
systems in the tertiary sector has put emphasis on the cost-effectiveness of the whole inspection
process and on precise points, as follows:
- A great focus should be made on the provision of pre-inspection information, to distinguish
between systems whose performances are more or less likely to benefit from detailed
inspection.
- Detailed inspection should be conducted in the case of AC systems with disaggregated
measurements of electricity consumption, so that the actual performance of the main system
components is tracked.
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2.3.

PATTERNS OF USE: CONTROLS, SETTINGS AND THERMAL COMFORT

Sizing an AC system does not amount only to choose a particular cold production unit associated to
particular cold emitters, but also to opt for specific control options, which are more and more integrated
into electronic controllers that are specifically designed by HVAC manufacturers. The efficiency of the
controls and settings of the system depend on their intrinsic technical characteristics as well as on the
actions of the end-users who interact with them. The technical study of the controls is included in the
Task 4 report, whereas the present Task 3 report deals with their use by the end-users.
2.3.1.

Overview of control classes

Built-in controls and use controls
Looking at controls, it is more relevant to take into account ventilation functions and thus focus on VAC
systems rather than AC systems on their own, because ventilation and cooling controls are closely
correlated with each other for centralized air based systems.
It is important to make the distinction between built-in controls and use controls of a VAC system.
Although all of them can have an important impact on the final energy consumption of the system, they
work on very different principles.
-

Built-in controls are automated controls and are part of the architecture of the VAC system. A
majority of them concerns the cold production, distribution and emission of the AC system.
They cannot be reprogrammed during the use phase: depending on the internal temperature
set point, the real internal temperature, the outdoor temperature, the cold demand (building
loads), the water or refrigerant flow rate across the cold emitter is for instance automatically
made varied. In other words, they make the different components/products of the VAC system
react and adapt to a change in set point and/or building loads. As preliminary stated, built-in
controls come within the scope of Task 4.
Remark: Built-in controls for cooling are partly dealt with in EN 15232, § 7.4

-

On the contrary, use controls are associated with use patterns of the whole VAC system. They
are more generic controls, and their sensitivity can be adjusted in different ways :
¾ At a central level. This is done either manually or by programming (or reprogramming)
a use pattern in an electronic controller.
¾ Locally by the end-user, through an on/off switch or an electronic interface.
In other words, they allow to change the set point and to define use patterns of the VAC
system.
They can be simple ventilation controls (on/off switch of the fans or change of fan speed
settings). They can as well be inter-correlated controls of both ventilation and cold
production/emission: the control of the supply air temperature is seen as a "ventilation
control", but it is often associated with the variation of the indoor set point temperature, which
has a direct impact on the cold emission to the room, and can thus be seen as a "cold
production/emission control".
Making the distinction between ventilation and cooling controls is even more ambiguous in the
case of pre-cooling through the cooling coil of an AHU. Lowering the supply air flow rate
indeed lowers in turn the pre-cooling of the supply air, and thus of the corresponding cold
production.
Remark : Use controls for ventilation are dealt with in EN 15232, 7.5. Use controls from a
more generic viewpoint, which takes into account cooling set points, are dealt with in Annex A
of EN 15232.
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Generic use control strategies
As an overview of use control strategies, the EN 13779 standard gives a summary of the possible
types of control of the indoor air quality:
Figure 3 - 18 . Types of controls of the IAQ (EN 13779)

Otherwise said, use controls can be done:
-

centrally by an electronic controller, which corresponds to a time control (IDA-C3). It is
generally programmed during the installation/acclimatization phase by the technical staff
under the responsibility of the building manager and/or the installer, according to the initial
appraisal of the design engineers. One shall thus consider that the central control strategy
remains constant throughout the usual use phase, although this does not necessarily mean
that the energy consumption of the system is optimized.
Time control is partly programmed depending on typical occupancy patterns of the building
(which can vary from a zone to another one) : the VAC system is scheduled to run during a
defined time period, which corresponds more or less to the variation of the occupancy rate. A
detailed approach is provided in EN 15232, Annex A, which deals with BAC (Building
Automation and Controls) efficiency classes, with regard to typical user profiles (in this case,
user profiles correspond to occupancy patterns associated with generic building types, such
as offices, hostels, hospitals ...).
→ if one takes the example of BAC efficiency classes for a typical office occupancy, the
following figure is proposed :

Figure 3 - 19 . Time-control of the cooling function of a VAC system - Typical office, BAC efficiency class
C (EN 15232)
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The system is thus run constantly in cooling mode from 5h to 21h, at a indoor set point
temperature (dry bulb) of 23°C, which is a time-control strategy.
From the angle of energy efficiency, this can be seen as an intermediary solution, because it
does not take into account hourly variations of the cooling needs. Still, it has the advantage
that the central electronic controller can be reprogrammed easily by the technical staff of the
building without being an HVAC specialist.
-

centrally by manual action, whether no electronic controller has been implemented, which
corresponds with IDA-C2. It is achieved by a referent technician/operator, in accordance with
the instructions of the building manager (if he has sufficient knowledge of an appropriate use
of the system), or according to common practices.
¾ For instance, a meeting room is used only a few hours per day, at very variable
periods during the week: an operator can thus be asked to start and stop manually the
central VAC system before and after the meeting.
¾ Another example is a referent operator who comes at different times of the year to
change the cooling set points and ventilation rates. In this case, the system works
permanently throughout the year, but with different settings depending on the
period/season.
This is the most basic control solution, which is sufficient whether the AC system is only used
occasionally on precise days. For a periodic use of the system, it is clearly unfitted and
therefore shall not be considered.

-

locally by an automated process (through the measurements of sensors, whose
sensitivity is centrally-adjusted), which corresponds to the control strategies that range
from IDA-C4 to IDA-C6. The sensitivity of the system is programmed centrally by the manager
of the premises and/or the installer during the installation/acclimatization phases, but the
automatic control is done locally, depending on sensors located in the air-conditioned zones.
This control strategy can be combined as well with a time-control strategy, which is illustrated
in Annex A of EN 15232, and corresponds in this case to a BAC efficiency class
A:

Figure 3 - 20 . Mixed 'time + occupancy' control of the cooling function of a VAC system - Occupancy
control of the ventilation function of a VAV system - Typical office building, BAC efficiency class A (EN
15232)
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Two different control strategies of a VAC system are shown:
¾ In the first case, it is the cold production that is controlled with adaptive cooling set
points. This is a mixed control strategy, as it is based on a precise time-control
(varying set points from 6h to 19h) that takes into account varying occupancy rates
throughout the day (strictly speaking, it is not a real occupancy-control strategy, since
the cold emission does not fit continuously with the occupancy rates).
¾ In the second case, a full occupancy control strategy is obtained with VAV terminal
units, which make vary the supply air flow rate, depending on the presence in the
room.
From the angle of energy efficiency, an automated control of the VAC system that takes into
account local variations of the cooling needs is by far the most accurate solution, although the
most expensive. If adapted sensors are correctly installed and provide reliable data on the
actual internal conditions of the corresponding thermal zone (dry bulb air temperature,
humidity ratio, ventilation rates, IAQ), the electrical consumption of the whole VAC system can
be minimized.
-

locally by the end-user, who can set the temperature of the room, or just switch on/off the
ventilation (which in turn makes vary the associated cold production). This corresponds to
Manual Control (IDA-C2) in the EN 13779 classification. However, depending on the size of
the building/zone that is air-conditioned, it is not obvious that the end-user has always the
opportunity to control this parameter. It is also worth noting that this control strategy can still
be associated with a time-control strategy : the system can be run for a given time period but
with variable set points, depending on the set point controlled by the end-user.
This control is mainly available for systems with small local cooling capacities (at the terminal
unit, which means that the conditioned space is limited, as well as the number of end-users).
For systems with greater cooling capacities, it might be combined as well with some
automated local controls, so that end-users can bypass these automated controls and impose
a new set point whether they get too unsatisfied by the internal comfort conditions (although
the energy consumption is optimized by the electronic controller).

2.3.2.

Thermal comfort

Current standardized recommendations
The notion of thermal comfort has been introduced since the late 60’s, so that the influence of comfort
preferences of the end-users can be taken into account while designing an AC system. The reference
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European standard for thermal comfort recommendations is the EN 15251, which is directly inspired
by the international standard ISO 7730.
For cooled buildings (air-conditioned buildings, contrary to free-running buildings), the chosen method
that lies currently in the standards is the analytic method. Considering that occupants are acclimatized
and well-adapted to their thermal environment if the building is air-conditioned, this method does not
take into account behavioural factors like changes in clothing and acclimatization processes due to
swings in outdoor temperatures (weekly or seasonal variations), or the ability to modify oneself the
thermal comfort through system control. It is only based on the calculation of the Predicted Mean Vote
(PMV) and Predicted Percentage of Dissatisfied (PPD) indexes.
The value of the PMV is only theoretical as it is calculated with a model: it gives a plausible average of
the thermal comfort votes that should be expressed by large number of real occupants of the building.
The PMV model is derived from on the field surveys, during which the occupants had to express a
thermal vote depending on the internal conditions in the building (air temperature, relative humidity),
according to a 7 points thermal sensation scale provided by the ASHRAE. The PPD model, derived
from the same surveys, helps to predict the percentage of thermally dissatisfied people among the
occupants. Ranges of PMV and PPD values are then used within the two standards to define different
thermal categories.
Table 3 - 6 . ASHRAE thermal sensation scale and categories of thermal environment (ISO 7730)

Associating these categories with typical building types, the EN 15251 standard recommends
maximum design cooling temperatures. In other terms, it gives an upper threshold temperature under
which the occupant of the building is likely to feel comfortable. Note that the operative temperature is
the average between the air temperature and the temperature of the walls.
Table 3 - 7 . Recommended maximum indoor operative temperature (adapted from EN 15251)

Category

Maximum indoor operative
temperature (°C) for ~ 0.5 clo (≈
0.078 m2.K/W)

I (A in ISO 7730)

25.5

II (B in ISO 7730)

26.0

→ Sedentary activity ≈ 1.2 met
(≈ 1.25 W/person)
Department store

III (C in ISO 7730)

27.0

I

24.0

→ Standing-walking activity ≈ 1.6
met
(≈ 1.67 W/person)

II

25.0

III

26.0

Type of building / space
- Single office (cellular office)
- Landscaped office (open office
plan)
- Conference room / Auditorium
- Restaurant

The issue is that in actual fact, because of the lack of knowledge on energy consumption, many
managers of the AC systems tend to impose indoor set point air temperatures at a constant value that
can be often down to 20°C, which can represent an indoor temperature difference greater than 5 K
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with regards to the maximum acceptable temperatures recommended by EN 15251. Such a gap can
increase dramatically the energy consumption of the system.
Possible improvements
Taking thermal comfort into consideration, some European countries have already strengthened their
national standards. In France, a decree that modifies the French Thermal Regulation of 2005 has
been issued in March 2007, imposing that AC systems are used only whether the indoor air
temperature reaches the threshold of 26°C. However, as there is no real checking of what is actually
done in the existing air-conditioned premises, the impact of such a measure is thought to remain
limited for the time being.
Adaption as a response to changing thermal indoor conditions, known as adaptive comfort, in lieu of
mechanical cooling has been studied in Europe. The EN 15251 standard offers an alternative to
mechanical cooling by standardizing acceptable thresholds of indoor temperatures for varying outdoor
temperature, helpful at the design stage.
This requires however the occupants to be able to adapt, to change their vesture, to use comfort fans,
to activate shadings,.. Examples of potential impacts are given in the field studies below.

2.3.3.

Field studies: real patterns of use

Some field studies have been conducted in different European or foreign countries to assess the real
usage of AC equipment (which depends on the way end-users adapt to changes in thermal comfort
and interact with the available control options), or behaviour of the end-users with regard to thermal
comfort issues. Most of the subjects were surveyed in offices. The study team proposes here a review
of the different findings.
Control of room temperature
Although many manufacturers propose local temperature controls through the use of room
thermostats and to a smaller extent of electronic controllers, several field studies tend to prove that
thermal environments are often unsatisfactory and that the perceived level of control is low.
Karjalainen and Koistinen reference surveys conducted in British, American, Canadian and Finnish
offices by respectively Bordass & al., the American BOMA (Building Owners and Managers
Associations) and Lehto & al. Their results are summarized below:
Table 3 - 8 . Satisfaction with room temperature control among office occupants (review from Karjalainen
& Koistinen)
Respondents in the surveyed offices
United Kingdom – 11 buildings
USA and Canada – 1829 respondents
Finland – More than 500 respondents

Results
On a scale of 1 (low) to 7 (high), an average value of
about 2 was given to the perceived level of control of
room temperature.
Tenant control of temperature is important for 96% of
respondents, but only 65% are satisfied.
On a scale of 4 (low) to 10 (high), an average value of
6.5 was given to the perceived level of control of room
temperature and ventilation.

In the Finnish survey, it was reported that room thermostats were often installed so high up on the wall
that they could not be reached easily. Karjalainen and Koistinen conducted themselves a
supplementary study in 13 Finnish office buildings, to get a clearer picture of the reasons lying behind
the lack of control on the thermal environment. As one could expect, interviewees reported very low
knowledge of HVAC systems, which they misunderstood. It was thought that the fan-coil units installed
in the offices, which in fact were ensuring only a cooling function, were also part of the heating and
ventilation systems and thus able to produce heat and blow fresh air. One could use for instance the
fan-coil unit to warm up the room to a temperature of 24°C whereas it is in fact cooling the room at a
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set point temperature of 24°C. The end-user would make the cold production unit work in the hope
that it ensures a heating requirement that would never be achieved: the thermal cycle would be
performed in the wrong sense, with regards to what seeks the user, which could represent an
important and useless consumption of electricity.
The other following problems were raised:
-

Room thermostat does not give any feedback, or the feedback is not understood by the users.
The meaning of lights and symbols in the room thermostat are misunderstood.
It is not known that there is an adjustable thermostatic valve in a room.
The room thermostat is located too high on the wall or behind furniture so that it is impossible
or awkward to use it.
The user does not dare to touch the temperature control because it is thought to be for service
personnel only.

The British study conducted by Bordass & al., though a little older, emphasizes on similar points :
-

Control systems tend not to be matched closely to the way in which buildings are actually
used, especially in multi-tenanted buildings. AC systems tend to be left on “just in case”, which
causes important energy wastes.
Although control systems, if properly used, can already deliver high levels of comfort and
energy efficiency, they are often too complex, as well as the associated AC system, so that an
average user manages easily the comfort conditions inside the building.
Survey data show that there is an important discrepancy between small offices and open plan
offices (the same comparison between small rooms with a few number of occupants and
larger spaces with many occupants should be also valid for other building types than office
buildings). In open plan offices, it is much more difficult for an end-user to have a proper
control of the different devices and so the air-conditioning system.

Figure 3 - 21 . Perceived control versus room size (Bordass & al.)

These studies tend thus to show that many end-users are not using temperature controls at all or
improperly. This can be due to their lack of knowledge on HVAC systems, to the lack of precise
information on how to use properly these controls, or to a low degree of control because of numerous
other occupants working within the same conditioned space. As far as the energy consumption is
concerned, the main issue lies therefore on unfitted low temperature set points: they shall be modified
by the end-users when necessary but are kept somewhat constant because of the non-use or
improper use of the control system.
Impacts of thermal comfort and adaptation
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A Japanese long-term field survey on thermal adaptation in office buildings (Goto & al.) shows a good
correlation between the use of different measures for thermal adaptation purposes and a reduction in
the use of mechanical cooling/heating systems. 5000 questionnaires were issued among 6 different
buildings, whose characteristics are as follows:
Table 3 - 9 . Surveyed Japanese office buildings (from Goto & al.)

B

Mechanical cooling and
heating
Central control
Zone control by
occupants

C

~ 15 occupants / zone
Zone control by
occupants

Building code
A

E

~ 5 occupants / zone
Central control
Zone control by
occupants

F

~ 10 occupants / zone
Zone control by
occupants

D

~ 20 occupants / zone

Operable window

Dress code

No operable window

Business suit

~ 5 operable windows per
2
100 m surface area

Free

~ 10 operable windows
per 100 m2 surface area

Free

No operable window

Business suit

~ 6 operable windows per
100 m2 surface area

Business suit

~ 3 operable windows per
100 m2 surface area

Business suit

By comparison with the other buildings, drops in the incidences of operation of the mechanical cooling
and heating system were consequent for building B and dramatic for building C, as can be seen
below. For these buildings, the use of operable windows was by far greater. Also, the control of the
thermal comfort could be done locally by the occupants, and the dress code was free, meaning that
there was a possibility of thermal adaptation through changes in clothing. The free dress code could
also suggest that working codes were less strict, implying that the occupants might have been more
free to modify themselves the use of the mechanical cooling system.
Figure 3 - 22 . Operation of the mechanical cooling/heating systems and windows (Goto & al.)

Corgnati & al. focused on the impact induced by changes of air-conditioning set points. So as to take
thermal comfort into consideration, these set points were determined according to PMV values. A
typical office building room was simulated under three different climates (Turin, Rome, Palermo).
Results were as follows:
Figure 3 - 23 . AC energy demand: comparison between different set points (Corgnati & al.)
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Shifting from a set point corresponding to a PMV of -0.5 (slightly cold sensation) to a set point
corresponding to a PMV of 0.5 (slightly warm sensation) could induce a dramatic decrease in the AC
energy demand, especially for a hot climate (shift from 170 kWh/(m2.year) to 115 kWh/(m2.year) for
the Palermo climate).
Another field study was conducted by Haldi and Robinson, who surveyed eight Swiss office buildings
during the warm summer of 2006. One of the outputs, based on what the occupants reported, was to
identify the main actions that they used to adapt to changes in thermal comfort conditions.
Interestingly, increases in indoor temperatures at which thermal sensation votes were reported were
assessed for each type of control action. The use of windows, blinds and fans had the greatest
influence, as can be seen below (PMV values are given in abscissa).
Figure 3 - 24 . Influence of controls’ use on indoor temperature distributions for given thermal comfort
votes (Haldi & Robinson)
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Opening a window, lowering a blind or switching on a local fan could induce an increase of the
acceptable comfort temperature greater than 1 or 2 K, which could represent a significant reduction in
the energy consumption of the AC system if the set point corresponded to the comfort temperature.
Consider also that the first measure is commonly associated to the automatic switching-off of the AC
system and the second one allows a consequent drop in the cooling demand of the building. It seems
then obvious that looking at whole AC systems rather than AC products on their own, huge energy
savings can be made by comparison with the current lack of proper use of control strategies by the
end-users.
Patterns of use
Contrary to the residential sector, there are very few European and American field studies and surveys
on the real use of air conditioning systems in the tertiary sector.
UK FIELD STUDIES
1° Office buildings
The relevant field studies at the study team's disposal were conducted in the UK. Knight & Dunn
monitored the energy efficiency of AC systems in some UK office environments. They studied 34
installations of 5 generic AC system types:
-

5 water-based systems with chilled ceilings (passive and active systems)
9 all-air systems (CAV and VAV)
7 water-based systems with fan-coils (2-pipes and 4-pipes systems)
9 split DX systems (cooling only, 2-pipes with inverter)
4 3-pipes VRF systems

They first compared the cooling power consumption by system type :
Figure 3 - 25 . Comparison between 5 generic AC system types: cooling power consumption (Knight &
Dunn)
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For the average systems types, average cooling power consumptions were found to be somewhat
equivalent from a system type to another one, with the exception of chilled ceilings that have a lower
cooling power density. However, important discrepancies were observed between peak power
consumptions, which discrepancies were found higher while looking at all the real systems one by
one. Fan-coils and all-air systems then appeared to consume the greatest amount of energy per unit
area, knowing that peak power consumptions could range from 50 – 70 W/m2 for some of them,
whereas they were lower than 20 W/m2 for chilled ceiling systems.
The energy consumption of the generic system types was then normalized regarding the actual
cooling loads of the different buildings, which were calculated on the basis of site survey data
(information was get on the form, materials, occupancy and operation of the buildings). The calculated
loads ranged from 24 W/m2 to 88 W/m2:
Figure 3 - 26 . Comparison between 5 generic AC system types: corresponding building loads (Knight &
Dunn)

The last step was to draw a final comparison between the systems on the basis of a performance
ratio, called ILPR. Note that this ratio was typical to this study and so not used outside it. In this case,
it was chosen as the ratio of the calculated internal load (W/m2) on the power input to the AC system
(W/m2) (it was equivalent to an EER that does not take into account fabric and ventilation losses).
Figure 3 - 27 . Comparison between 5 generic AC system types: ILPR performance ratios (Knight & Dunn)
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It had to be noted that the figure of the all-air systems was too high, because some of the real systems
were turned off earlier during the working day. The average ILPR for the rest of the day was in fact
closer to 2. Chilled ceilings appeared to be the most energy efficient system, followed by VRFs. Given
that fabric and ventilation losses had not been taken into account, it was likely that the performance of
the generic all-air systems should be probably lower than the performance of fan-coils.
Although it is hard to draw any important conclusion from a limited survey, this study tended to show
that :
- AC systems might be partly sized according to power density issues (especially chilled
ceilings).
- DX splits seem to be installed in a larger variety of cases (large range of building loads),
whereas VRFs and chilled ceilings are only designed for more specific applications (limited
range of building loads).
- As a large range of cooling power consumptions per surface unit but a limited range of
building loads are reported for fan-coil systems, this seems to show that their energy efficiency
is very variable from one to another.
Note also that even low energy-consuming systems like AC systems with chilled beams tended to
operate well below their full-load rated capacity : the lowest energy consumer of all the monitored
systems was spending 90% of its times operating below 25% of its rated capacity. Even more
impressive, the comparison of the lowest and the highest energy-consuming systems showed
dramatic discrepancies between them, although the second one had been designed to meet higher
cooling requirements (higher glazing ratio meaning higher solar gains):
Table 3 - 10 . Comparison between 5 generic AC system types: lowest and highest energy consumers
(Knight & Dunn)
Measure
System type
Average heat gains of the building
(W/m2)
Typical summer energy input to the
system (W/m2)
Average internal load performance
ratio
Annual hours of use
Installed chiller capacity (W/m2)
Glazing ratio of the building

Lowest energy-consuming
system
Passive chilled beams + packaged
air-cooled chiller

Highest energy-consuming
system
2-pipes fan-coil units + watercooled screw compressor chiller

24.4

34.6

5 (15 peak)

37 (75 at peak)

7.7

0.68

1891 (22%)
22.9
40%

7683 (87%)
151.8
80%

The installed chiller power densities varied by a factor of 5, whereas the average heat gain density of
the second building was only greater by 50%.
2° Retail sector
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A second British survey conducted by Brown & al. illustrated clearly differences between free-running
and air-conditioned shops. Firstly, around 600 retail premises from 4 UK towns were surveyed over
the summer period. The proportion of AC configuration and installation could be drawn:
Figure 3 - 28 . Survey of retail buildings in the UK: AC installation and configuration (Brown & al.)

Note that although 75 buildings were equipped with air curtains, only 13 building managers used them
actually. As well, around two thirds of the conditioned buildings were directly open to the outside,
meaning that warm air could easily enter the building, making the cooling load increase though this
could have been easily avoided. Air conditioning systems were therefore rarely installed and used in
combination with cooling load reduction measures.
The choice was then made to focus on 20 retail buildings (building A to T, see below) located in two
different streets, in a busy commercial district in central London. Measurements were done on a hot
summer day (outdoor temperatures ranging from 25°C to 27°C) by a surveyor who used portable data
loggers: data recording was done continuously, indoor and outdoor, as the surveyor was moving from
a building to the next one. For the buildings that were air-conditioned (notably buildings C, E, J, K), a
fast drop in temperature and rise of relative humidity was observed, as expected. It was also believed
that these drops would have been even more pronounced if the data loggers had had a quicker
response time.
Figure 3 - 29 . Survey of retail buildings in the UK: Indoor set point temperature and relative humidity
(Brown & al.)
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For the shops that were not air-conditioned, or had air-conditioners set for ventilation only, there was
no marked temperature change from outdoor conditions. Peak indoor temperatures were not greater
than 27.5°C. Knowing that thermal comfort is still acceptable around 25°C/26°C and that this data was
recorded on a hot day of the summer period, it can be seen that the actually needed cooling capacities
to meet these comfort requirements can be limited.
Interestingly, the recorded data showed also large differences in indoor conditions between retail
shops located in different streets. All shops after shop N were indeed located in a street that received
much less solar radiation because of its orientation.

2.4.

WEATHER DATA AND CLIMATE CONDITIONS
2.4.1.

Climate information for the study

As there is not any European weather data reference but only national data, it has been decided to
build the study upon the IWEC ASHRAE weather data, consistently with the previous choices of ENER
Lot 1 and ENER lot 10 studies.
Hourly values of ASHRAE IWEC data are used to compute the energy consumption of the air
conditioning systems for a limited set of locations. Regressions of cooling/heating energy
consumptions versus total cooling degree days/heating degree days then enable to extend the results
of the energy consumption calculations to the EU-27. The results are presented in task 4. More
information follows on the cooling degree days and heating degree days calculations and on the
estimates used by country.
The calculation of Total Cooling Degree Days (TCDD) takes into consideration cooling loads that
depend on both ambient temperature (which has an effect on the sensible building cooling load) and
absolute air humidity (which has an impact on building latent load). In this study, TCDD estimates are
calculated using Eqn.1, in which sensible (SCDD) and latent (LCDD) cooling degree days are
combined on an enthalpy weighted basis. The summation includes only positive deviations above the
reference or base outdoor temperature Tbase, cooling (15°C in this case) and reference absolute humidity
ratio Wbase (saturated air at 15 degrees Celsius; Wbase = 0.106 kgw/kgda).

Eqn.1

hfg is the latent heat of vaporization (2,501 kJ per kg of moisture) and Cpair is the specific heat capacity
of air (1,006 J per kg of dry air per Kelvin). W has units of kg moisture per kg dry air.
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Contrary to cooling calculations, the calculation of Heating Degree Days (HDD) depends only on
ambient temperature, not on absolute air humidity (there is no “latent building heating load”). In this
study, HDD estimates are calculated using Eqn.2. The summation includes only negative deviations
below the reference/base outdoor temperature Tbase, heating which is taken equal to the reference/base
outdoor temperature used for the TCDD calculation (15°C).

Eqn.2
In the present study, weather data from ASHRAE’s International Weather for Energy Calculations
(IWEC) have been used for degree day calculations. Data-files can be downloaded for free from the
website:
http://apps1.eere.energy.gov/buildings/energyplus/cfm/weather_data.cfm.
IWEC
data
correspond to long-term “representative” or “typical” meteorological conditions at the site in question.
Data are compiled using site-specific measurements over a multi-decade period (20-years), and
include among many other variables hourly data for ambient temperature (dry bulb), relative humidity,
dew point temperature, solar radiation (various descriptive parameters) and wind speed and direction
(wind-rose). Summary statistics are also available (e.g., min, max and extreme conditions and annual
frequency of occurrence data, which can be used to size HVAC equipment).
SCDD, LCDD, TCDD and HDD estimates across European countries are presented in Figure 3 - 30.
Country-wide results are arithmetic means of estimates determined for representative locations of
different climates within a given country. (Actually, a better estimate would have considered also the
relative characteristics of building stock at different locations, but these details are difficult to estimate
at a either a country- or pan-European level.) For a given day, the mean of the maximum (Tmax) and
minimum (Tmin) ambient temperature is compared against the base temperature, including only
positive contributions to the sum for SCDD calculations, and negative contribution for HDD
calculations. Similarly, only positive deviations are added for days when the mean humidity ratio
exceeds the base value (LCDD calculations).
Representative sites are indicated in Table 3 - 11. These data may be compared (only qualitatively,
because different calculation methods – Tbase and Wbase, Chosen equation – are used) to the cooling
degree day and heating degree day computations shown in Figure 3 - 31 (EURIMA).
The choice of base (threshold) value is based on the assumption that internal building loads are
balanced by heat transfers across the building envelope or outdoor air intake. For European buildings,
15 to 16 oC is the typical supply air temperature leaving the air handling unit, which in turn implies an
indoor temperature set-point of around 22 oC, the increase in temperature being due to heating loads
from occupants, equipment and lighting. For ambient temperatures below 15 oC, there is no
mechanical cooling as the internal cooling load could be met solely on the basis of outdoor air intake,
namely, “free” cooling.
Quite symmetrically, the same kind of reasoning applies to the heating side. For ambient temperatures
above 15°C, the internal heat gains of the building (from occupants, equipment and lighting) plus the
heat gains from solar radiation are not offset by heat losses through the building envelope and the
ventilation air stream, meaning that the net building heat gains are positive and high enough to keep
the internal set point temperature at a sufficiently high value.
Moisture control is not a common practice in Europe. Any latent loads that do exist in buildings are the
direct consequence of (unintentional) dehumidification when the supply airflow comes into contact with
the cold surface of cooling coils during cold distribution (condensate is formed when the coil surface
temperature is below the dew point temperature of the incoming air-stream). Different choices for Tbase
and Wbase or use of different frequency of input data (e.g., use of hourly or monthly statistics) are
certainly possible, and will, of course, change the absolute estimates for SCDD, LCDD and HDD (see
Figure 3 - 32 and Table 3 - 12, for a cooling example); in other words, the amount of sensible
cooling/heating or latent cooling that is anticipated throughout the year and the subsequent impact on
internal comfort conditions.
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Figure 3 - 30 . Estimates of sensible/latent/total cooling degree days and of heating degree days forEU-27
countries , according to Eqn.1 and for country-specific sites indicated in Table 3 - 11. IWEC statistics
have been used as inputs for meteorological data.
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Figure 3 - 31 . Estimates of European cooling degree days (source Eurima, ASHRAE method for CDD and
EUROSTAT method for HDD) – CDD scale : 0, 200, 400 ... 1020 / HDD scale : 585, 1000, 2000 ... 7076
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Table 3 - 11 . List of cities considered in this study for the calculation of cooling degree days, source
Eskeland at al., 2009

Table 3 - 12 . Cooling degree days for different ambient base conditions (based on IWEC data)

Location

Tbase = 15oC and Wbase = 0.0106 kgw/kgda
SCDD

LCDD

TCDD

Tbase = 20oC and Wbase = 0.0147 kgw/kgda
SCDD

LCDD

TCDD
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Strasbourg
(France)

393

161

554

57

1

59

Athens
(Greece)

1678

295

1973

765

1

766

Helsinki
(Finland)

123

7

131

4

0

4

Figure 3 - 32 . Comparison of country average total cooling degree days with estimates for capital cities
only across countries in Europe.

2.4.2.

The heat island phenomenon

In addition to important differences, at the scale of Europe, between regional climates, a
supplementary local climatic phenomenon that can have a dramatic impact on the use of AC systems
is the heat island effect. Gartland defines it as a “reverse oasis”: air temperatures in densely built
urban areas are indeed higher than the temperatures of the surrounding areas. The temperature
difference can be up to 4°C during the day and 10°C during the night. Urban areas are hotter because
of the lack of trees and vegetation and because of the use of dark surfaces like roofs and pavements
that absorb and retain the heat from the sun. More precisely, Adnot & al. report factors such as :
-

the complex radiative heat exchanges between buildings and the screening of the skyline over
the streets
the heat released from the combustion of fuels (mobile and stationary sources)
the thermal properties of some building materials that increase the storage of sensible heat
during the day and release it during the night, which does not allow to cool efficiently the
buildings during the night with natural ventilation
the urban greenhouse gases effect that contributes to increase the radiation coming from the
polluted atmosphere

For the matter of illustration, a urban heat island profile can be seen below:
Figure 3 - 33 . Sketch of an urban heat island profile (Adnot & al., from the Heat Island Group)
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So as to assess the impact of the heat island effect on cooling energy and peak power, Santamouris &
al. computed the yearly cooling loads of the same base building (four-apartments building with two
floors) in different districts in Athens. It was found that the electricity consumption needed to cool the
building could vary by a factor of 2 from the lowest to the highest figure. As well, the peak electrical
Figure 3 - 34 . Base building in Athens: impact of the heat island effect on the yearly electrical cooling
load and peak electrical power needed for cooling (Santamouris & al.)

From the angle of air conditioning, it is obvious that a large proportion of air-conditioned buildings are
located in dense urban areas. While focusing on the design and operation of AC systems, the issue is
that there is currently no available map or data set of the heat island effect for the EU, making hard to
take it properly into account. Weather stations are also located away from urban areas so that there is
no interaction with these specific local conditions. The heat island effect is thus not taken into account
in the available data, leading to the underestimation of electricity consumption and peak power of AC
systems.
[CRA2008] developed a method to modify hourly files to take into account this heat island effect but
the intensity of the phenomenon is required as an input and is not known for all EU cities.
The heat island effect has been precisely studied in Athens by Santamouris & al. (hourly data
recorded during more than 3 years from thirty installed temperature and humiditiy stations) and
London by Kolokotroni & al.:
-

It was found that in the central area of Athens, CDDs were about 350% higher than in the
suburban areas.
The maximum heat island intensity was close to 16°C. The mean value for the major part of
central Athens was 12°C.
Over a year, the urban cooling load in London was found 25% higher than the rural load.
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2.4.3.

Climate change

A third climatic phenomenon that has begun to have an obvious impact on the use of AC systems is
climate change. To assess it, the main approach that has been chosen in most studies is to focus on
the changes in heating degree days (HDDs) and cooling degree days (CDDs) induced by the global
warming. The general result that can be found in all of these studies, (as reported by Benestad, for
instance), is that in most countries the number of HDDs will decrease, whereas the number of CDDs
will increase. The electricity demand is thus likely going to shift to a reduced use of heating systems
during winter and an increased use of cooling systems during summer. The issue is then to get a more
quantitative picture of this fact.
While most studies have focused on the influence of past weather variations on the electricity demand
(generally speaking, over the last thirty years), as reported by Mideksa & Kallbekken, few have
focused on the forthcoming years. The most comprehensive work on this topic seems to be the recent
study conducted by Eskeland & Mideksa. On the basis of data from 31 European countries and using
the IPCC (Intergovernmental Panel on Climate Change) SRES (Special Report on Emission
Scenarios) emission scenario Ab1, they have estimated projected changes in HDDs and CDDs
throughout the 21st century, at the scale of Europe, but also at the scale of each country. Their results
indicate that a unit increase in CDDs will likely make the electricity demand in the European residential
sector increase by 8 kWh per year and per capita.

Figure 3 - 35 . Estimated changes in heating and cooling degree days in European countries (Eskeland &
Mideksa)

For a matter of information, Jakob & al. have looked at the influence of climate change in the
European tertiary sector. Using another average scenario climatic model, they estimated the number
of CDDs in 2050 for different main European towns. Modelling a new office building and a school
building in 14 towns with various different climates, they simulated the electricity consumption
associated with its cooling demand. This allowed to get a picture of the impact of CDDs:
Figure 3 - 36 . Electricity demand for cooling as a function of CDDs for different locations in Europe
(Jakob & al.)
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Note that for a matter of comparison, results from a study made by Adnot & al. were also plotted.
Jakob & al. made the assumption that the AC system was efficiently used (room set point temperature
of 26°C and adjusted air flow rate) in a new building, whereas Adnot & al. had derived estimations for
the building stock as a whole (a majority of old buildings with also lower temperature set points). This
explains why there are important discrepancies between both studies. In both cases, trends tend to
show that a doubled amount of CDDs does not lead to a doubled specific energy demand of the
building, but rather to a lower increase.

2.5.

BUILDING CHARACTERISTICS AND PATTERNS OF USE

Choice of buildings to model
The present Task 3 report helps to draw the operating conditions of the base cases in Task 4. Climate
conditions have been discussed previously but the building envelope and user behaviour must be
characterized to compute the cooling requirements of the AC systems, as a basis for the subsequent
assessment of the energy consumption of air-conditioning products. The tertiary sector is badly known
in Europe(m2, detailed energy consumption, technical characteristics of equipment ...) . A review of the
available information on the commercial sector in Europe can be found in the ErP study ENER Lot 1,
Task 3 and has been updated in ENTR Lot 6 Task 3 (ventilation report).
Looking at the end-use sectors of AC products reported in Task 2, the study team has selected the
main sectors using air conditioning to represent the cooling requirements (and heating requirements
for reversible products) of buildings in the commercial sector : office / retail / health / leisure and hotels
sectors. The market shares of public and industrial sectors are also consequent for some of the
products, but the study team has not chosen to model them directly, as well as the remaining sectors,
for the following reasons :
-

As reported in the ENTR Lot 6 Ventilation Task 3 report, data availability on buildings for
public administration, education and other community services is very poor, amongst others
because their related activities are very heterogeneous. This is confirmed in BSRIA’s reports
that have been used in the AC Task 2 report to classify AC product sales by building sectors
(BSRIA, 2009). Indeed, public buildings include government buildings, public offices, town
halls, fire and police stations, armed forced installations, libraries, and so on ...

-

The study team thinks that it is mainly the offices or zones that have somewhat similar
patterns of use that are air-conditioned in the buildings classified in the public, education,
pharmaceutical and industrial sectors (the study team is talking here of comfort air
conditioning, not process). In addition, these sectors represent smaller shares in AC market
data. Consequently, it is not thought to induce an important bias to consider that average uses
of AC products installed in the corresponding buildings should be liken to the average uses of
the same products in office buildings, which the study team does model properly.
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This is particularly adapted to the public sector : according to the Ventilation Task 3 report,
40% of the public buildings can be classified as typical offices, and most of the remaining 60%
comprise offices.
It is also known that in educational buildings such as universities, small/standard classrooms
are unlikely to be air-conditioned. Lecture halls are air-conditioned when necessary, similarly
to meeting rooms in office buildings. Air-conditioned offices should not be very different from
offices in office buildings.
Finally, the study team has no building data on buildings representative of the pharmaceutical
sector classified by BSRIA (laboratories and medical research stations). This sector
represents a small share in market data and is so liken to medium office buildings, as far as
comfort air conditioned zones are concerned.
Because the office building sector represents the largest share in market data, there is a greater need
of accuracy. The study team has thus made the choice to model three office buildings with different
sizes (small, medium and large). Indeed, changes in building size impact the ratios of glazed surfaces
on opaque surfaces, and so induce changes in solar heat gains per square meter. In addition, the
ratios of radiative heat transfers through glazed surfaces on conduction-convection heat transfers
around and through opaque surfaces are as well impacted. Floor geometries can also vary, depending
on the size of the building.
The retail sector is the second most important building sector in terms of product sales. The study
team considers that AC products in small shops are mostly small capacity mobile, packaged or split
air-to-air conditioners with capacities lower than 12 kW per unit. These products have already been
covered by Ener Lot 10. This is confirmed by BSRIA’s reports on central air conditioning products, as
the retail sector encompasses all major retail chains, large multiple commercial shopping malls, car
showrooms, with no clear reference to small shops ... Therefore, the study team has modelled a
shopping mall and an hypermarket, to account for different sizes, and so envelope ratios (same
reasoning than for offices) as well as patterns of use.
The health sector has a limited market share in terms of sales, but more stringent indoor air quality
and comfort needs than the other sectors, which can lead to higher AC electricity consumption. It
requires a precise analysis. Consequently, as for the retail sector, two different building sizes with
different patterns of use have therefore been chosen. Note that according to Ventilation Task 3
(chapter 5), this building sector can be split into hospitals on one side, and specialised health
establishments on the other side (clinics, homes for aged people, disabled people, children ...). The
study team’s choice falls on a large hospital and a retirement home.
Finally, the leisure and hotels sector is particularly diverse and hard to represent with a few buildings.
The study team has hotels data at disposal, and has thus chosen to model one medium-size hotel. As
this hotel includes various rooms with very different patterns of use, such as a hall, bedrooms, offices,
a restaurant and its kitchen (restaurants and bars represent an important share in this building sector),
it provides a good basis for calculations.
Typical characteristics of the building envelopes
There is no good solution to represent the wide variety of the tertiary sector in the EU without sound
building and technical equipment detailed statistics. In the USA, the CBECS survey on the commercial
building sector, its equipment and energy consumption has been established for several decades and
is a precious source of information. This knowledge enabled to derive representative buildings for the
US tertiary buildings and associated HVAC systems as well as weighting coefficients to expand
simulation results of these buildings to the whole commercial building stock. These typical buildings
enable for instance to simulate the impact of the changes in the building code.
Unfortunately, such data is not widely available in Europe. And although much information is available
in the residential sector, this is not the case for commercial buildings. As a consequence, it has been
decided to base the cooling requirements calculation on a number of typical buildings, whose
geometry, characterized by values thought to be typical for insulation, occupancy scenarios, set
points, glazing properties and shading, and other technical parameters have already been estimated
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and are thought to be representative of existing buildings. These typical buildings have been adapted
from various studies including from the Annex 48 of the ECBCS Program of the IEA and from other
modelling works done in Armines, which are largely based on European building thermal regulations
standard hypothesis. Their geometries are described in details in the Annex 1 of this report.
Average U values of building envelopes are derived from the Annex 48 of IEA’s ECBCS Program and
previous work done by Armines. Although insulation levels in EU countries are predominately climate
driven (insulation levels in Sweden and Finland are for instance higher than in Spain, Italy or Greece),
U values were calculated in these studies as averages, because thermal insulation data was available
for several countries (Germany, France, Italy, Spain, The Netherlands, Austria and Belgium). They do
not fit well with existing buildings in Northern countries : buildings are more insulated in the North of
Europe because of higher heating loads in the winter, with heating needs being by far higher than
cooling needs. Nevertheless, there are only a few reversible cooling products installed in those
countries and this is not likely to affect much the average results although the individual heating
consumptions obtained for reversible products in these countries are likely to be overestimated.
Real life patterns of use
Typical patterns of use, similar to the ones used in national MS building codes to simulate different
types of buildings are also described in the Annex 1. While the in-depth analysis of the technical
characteristics of AC products and systems is included in the Task 4 report, the study team has
reported poor patterns of use in real life conditions and great discrepancies between optimized
practices, such as advanced control options (for instance, adaptive cooling set points), and more
common uses. Rationally, the existing building stock of air conditioning systems is likely to use simple
control strategies, constant and low cooling set points and oversized cooling products. Improved
methods, technologies or sizing are to be considered as improvement options.

3.

SUBTASK 3.3 - END-OF-LIFE BEHAVIOUR

3.1.

MAIN POINTS

Contrary to large and small air conditioning systems for households, there is currently no European
legal framework to ensure proper recycling of the air conditioning systems installed in the tertiary
sector. Indeed, large commercial appliances do not fall under the scope of the European WEEE
directive.
As stressed by the American DOE (Department of Energy), the air conditioning equipment is generally
made of approximately 95% recyclable components. This is because of its high metallic content that is
easily recyclable:
-

Steel is used to manufacture enclosure casings, structural support rails, motor bodies and the
shafts and rotors of the compressors of the cold production unit (whatever the compressor
type is).
Cast iron is utilized in component housing and compressor bodies.
On the contrary, heat exchangers of the cold production unit (evaporators and condensers)
and of the terminal units (cooling coils) are generally made of aluminium fins and copper
suction lines.
Copper and aluminium are also used in electric induction motors.
To a smaller extent, a whole suit of other materials is also used, especially plastics (casings
for terminal units and electronics, as well as other small components), various insulation
materials, rubber (vibration isolators) and small amounts of glass. All these materials are
considered as “fluff” at the time of disposal and have little residual value.
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Carrier has provided the study team with some materials data on their air-cooled chillers. According to
them, at the end of lifetime, chillers are completely dismantled and most of their components are
recycled for their materials.
Figure 3 - 37 . Bill-of-materials of an air-cooled chiller (from Carrier’s input to the study)

Table 3 - 13 . End-of-life
of an air-cooled chiller (from Carrier’s input to the study)
Components
Compressors

Component materials
Mostly made of steel and cast iron

Standard heat exchangers (coils)

Aluminium (fins) and copper (tubes)

MCHX (micro-channel) heat
exchangers (unconventional heat
exchangers that can offer up to 3.5
times higher corrosion)
Oil separators

100% Aluminium

Boxed fans : electric motor + rotor
Frame, panels and sound enclosure
of the chiller
Piping system
Subset economizer

-

Mostly steel
Electric motor mostly made
of steel
Fan frame : Aluminium
Rotor : PVC with glass
fibre

End-of-life
Recycled
Crushed, as they are strongly fixed
together
Recycled
Recycled
The electric motor and the fan
frame are recycled

Steel

Recycled

Copper or steel
Mix of steel and copper strongly
fixed together

Recycled

Electric system and regulation box

Steel frame / enclosure + electronic
components

Others

Oil, valves, insulation foam

Crushed
Only the steel enclosure is
recycled, all electronic components
are crushed
Not recycled

Although components and their materials described in the previous table correspond to Carrier’s
chillers, most of them are found in any other AC product :
-

compressors, standard heat exchangers, oil separators, fans, frames/panels, piping systems,
electric systems and regulation boxes (electronic control systems) are used in any chiller or air
conditioner (as the latter include a cooling generator).
coil-type heat exchangers (fin-and-tube heat exchangers) are also used as cooling coils in fancoil units and heat rejection units (dry coolers, cooling towers). In any case, they are always
connected to a piping system.
electronic control systems can be found in a majority of new units, whatever their function
(cooling generators, terminal units, heat rejection units).
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-

eventually, casings (frames, panels, enclosures) are obviously used in any AC unit. Whether
they are made in steel/aluminium, they are recycled. On the contrary, if they are made of
plastics, especially for fan-coil units and indoor units of splits/VRFs systems, only part of them
is likely to be recovered.

The end-of-life of components, as described above, can therefore be seen as representative of most
AC products sold in the EU. Steel and cast iron are recycled, whatever their use in different
components of the product. Electronic components are likely to be crushed whatever the application.
Because of the lack of more information specific to AC products, the environmental impact of their
plastics parts will be estimated on the basis of the ecoreport tool default scenario. Finally, the only way
to take into account crushing of copper and aluminium heat exchangers could be to decrease the
share (%) in metals & miscellaneous that are recycled, within the Ecoreport calculation scheme.
In its sustainability roadmap, the ASHRAE emphasizes that the main barrier to an increased recycling
is the difficulty in identifying the constituents of products so that that their materials can be reclaimed
for the highest order of re-use. There is a clear need to improve standards that identify materials used
in AC equipment to enhance the recycling potential.
Interestingly, the ASHRAE draws a parallel between the AC and the automobile industry, since their
products are constructed of a variety of materials in close proximity to one another, making efficient
recycling of the equipment difficult. In this way, European car manufacturers should be taken as a
model as they facilitate the deconstruction of their customers products by materials identification. More
precisely, individual components could be sorted out by material of recycling through an adapted and
permanent labelling, as for German cars:
-

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.
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).

Although this is a standpoint of ASHRAE members, it is still a possible option among others of future
legislative enforcements in the UE for the recycling AC equipment.
The second hand market can be considered as negligible. Although some retailers might purchase
used equipment from mechanical contractors or retailers, their market is rather limited to small unitary
and portable equipment to low income residents. It is therefore very unlikely that any significant
second hand market exists or will develop for central AC systems with high cooling capacities sold in
the tertiary sector.

3.2.

THE DECOMMISSIONING PROCESS

The French Uniclima HVAC association has stressed that there is an existing end-of-life scheme for
most of the AC equipment. Local scrap merchants are aware of the valuable content of these
products, mostly because of copper and aluminium pieces of equipment, and dismantle them to
recover and sell their materials. The Gifam (household equipment professional association) adds that
installers or maintenance contractors remove the AC products and bill them as “disposal and end of
life treatment”. They sell them to scrap merchants or “solidarity based economy” associations. Note
that last wastes (materials that cannot be sold) are grinded.
To the study team's knowledge, and contrary to household appliances, there is very few existing work
that has been done on the recycling process of commercial AC equipment. The most comprehensive
work that is at is a study by Hourahan & Amrane (ASHRAE members), which was based on surveys
and interviews conducted with equipment manufacturers, mechanical contractors and companies
involved in the solid waste/handling recovery field. Commercial chillers, rooftops and split systems
were covered.
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Figure 3 - 38 . Standard decommissioning chain of commercial AC equipment (adapted from Hourahan &
Amrane)

Decommissioning paths of AC equipment are as follows:
-

Landfilling: It is very rarely seen. In fact, AC equipment delivered to landfills is not disposed
of there. Products are stockpiled until a large enough amount is reached. They are sold to
scrap dealers.

-

Recycling: It is the most commonly used method to dispose of AC equipment because of the
important economic gains that can be made (with metallic components, as seen before).
Some mechanical contractors and large AC retailers do offer to remove old units with the
purchase of a new one. The most frequent practice is that the customer asks a mechanical
decommissioning contractor who use his own staff and equipment to collect the equipment
before selling it to scrap dealers (or directly to smelters if the contractor is dismantling himself
all the components). For very large equipment, specialized riggers generally provide the same
service.
After its delivery to scrap yards, the equipment is processed, then shredded on site or at metal
shredding facilities, before being sold to steel mills and smelters.

-

Processing: It involves removing several components of the decommissioned AC equipment,
such as motors, compressors, oils, copper tubing and wiring, which can lead to the reuse of
these components, for instance as backup units. This can be of great interest to
manufacturers that decommission themselves their own equipment. In addition, the refrigerant
is recovered as required by the law (see next part). The processing is often performed at the
scrap yard stage, but some outside contractors can also be hired sometimes to do this work.
Unfortunately, the study team does not know to what extent the processing of specific
components is made, and thus to what extent some components are reused (considering also
that the second hand market is negligible).

-

Shredding: It is part of the recycling process and consists of fragmenting the scraps into
smaller and more manageable pieces. Steel materials are magnetically separated and
discharged to form large piles of shredded steel scraps sold to steel mills. Nonferrous metals,
such as copper and aluminium, which have higher intrinsic values than ferrous metals, are
sorted out and shipped to the appropriate smelters.

Table 3 - 14 . Scrap metal prices (updated from Hourahan & Amrane to 2010)
Type of scrap

Approximate value (with 1€ = 1.3$)
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Steel (shredded auto scrap)
Cast iron (heavy breakable cast)
Aluminium (low copper clips)
Copper (heavy copper and wire)

~ 15 € / kg
~ 12 € / kg
~ 150 € / kg
~ 240 € / kg

As stated before, the remaining elements, usually made of plastics, glass and rubber, have no
intrinsic values: they are sent to landfills for disposal before incineration. Knowing that the
packages of numerous terminal units, such as fan-coils, evaporators of splits/multi-splits/VRFs
systems or chilled beams are largely made of plastics, this is a concern from the angle of
recycling.
As an illustration, the study team updated an economic analysis of AC equipment recycling included in
the study done by Hourahan & Amrane, which focused only on component materials and did not
include the refrigerant handling (with the US Consumer Price Index being 1$ in 1996 and 1.39$ in
2010, considering also 1€ for 1.3$). One can logically see that the greater the cooling capacity of the
dismounted system, the greater the profit the mechanical contractor and the scrap dealer (also the
ratios between cooling capacities of the two systems are greater than the ratios between the
corresponding profits made by the contractor and the scrap dealer).
Table 3 - 15 . Summary of an economic analysis of AC equipment recycling (updated from Hourahan &
Amrane to 2010)
1400 kW centrifugal chiller

8.8 kW split-system

Mechanical contractor
Scrap value of equipment
Disposal cost to contractor
Contractor net profit

80 € / ton x 7.34 ton = 590 €
405 €
155 €

80 € / ton x 0.12 ton = 9.6 €
3.2 €
6.4 €

Scrap metal dealer
Value of unit’s metallic content
Scrap dealer cost
Scrap dealer net profit

4370 €
1260 €
3110 €

78 €
21 €
57 €

Obviously, it is thus probable that more attention is paid to a proper recycling of products from an AC
system with a high cooling capacity and similarly to cold production units with high cooling capacities,
rather than terminal units or refrigerant-based systems with limited capacities.
Note that a follow-up of this discussion is proposed in Annex 1 of the task 1 report of ENTR lot 6 and
air conditioning systems. It focuses on the tradeoffs between WEEE/RoHS directives and ENTR Lot 6
products.

3.3.

REFRIGERANT COLLECTION

ICF International has conducted an extensive study on the collection and treatment of ozone-depleting
substances (ODS). CFCs, with R-11 initially used in the old centrifugal chillers, and HCFCs, with R-22
used in most of the chillers and DX-systems sold before 2002 in the EU, as well as R-123, used in
large-capacity chillers, are indeed ODS (HCFCs to a less extent than CFCs). The study team does not
have information on the destruction or recovery of HFCs used in AC equipment (mainly R-134a, R407C and R-410A) but supposes that end-of-life trends are somewhat similar.
Three European countries have been studied into details. It has been found that in Czech Republic,
Germany and the UK, refrigerant recovered from appliance decommissioning operations are nearly
always sent for destruction, though some reclamation capacity exists in these countries.
Contrary to domestic air-conditioners, commercial units are discharged on site. The refrigerant and oil
mixture is removed, with the refrigerant being then extracted and pumped into a pressure storage
tank. It is eventually sent to a destruction facility. The issue here is that this discharge operation is not
carried out in a dedicated facility, which increases the risk of end-of-life recovery losses, unless
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innovative technologies such as mobile appliance recycling units (appliance shredders with built-in
ODS capture systems) or mobile destruction technologies are used.
Note that 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
(the study team does not have information on other EU countries).
Destruction facilities in operation are not equally spread out with the population in the EU, as can be
seen in the following table. It seems also that less destruction facilities per capita than in Japan are
operating in EU countries, with some of the latter exporting part of their ODS stock for destruction in
near countries. As a matter of comparison, Japan has 80 ODS destruction facilities in operation as of
April 2007. This is not surprising, as it goes together with a more stringent regulation to exert control in
the commercial AC and refrigeration sectors.
UNEP’s Technology and Economic Assessment Panel has reported the number of known ODS
destruction facilities in operation :
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Table 3 - 16 . Location of ODS destruction facilities currently in operation in EU countries (TEAP of the
UNEP, 2009)
Number of known ODS destruction facilities in
operation
1
2
1
3
1
1
2
7
5
12
6
1
1
1
4
5

Country
Austria
Belgium
Czech Republic
Denmark
Estonia
Finland
France
Germany
Hungary
Italy
Netherlands
Poland
Slovakia
Spain
Sweden
United Kingdom

UNEP’s Technology and Economic Assessment Panel has also outputted further interesting
information. As a global average, discharged refrigerant shipment distances to destruction facilities
have been estimated as ranging between 200 and 1000 km. Overall costs associated with the
recovery and destruction of low/medium effort ODS have been also estimated. They are expressed in
$ per kg of refrigerant.
Table 3 - 17 . Components of cost relating to refrigerant recovery and destruction steps – Stationary airconditioning products (TEAP of the UNEP, 2009)
Population
density
(region
surrounding
consumer’s
location)

Dense
Sparse

Collection
costs

Recovery
processing
costs

Transport
costs

(equipment
collection)

(extraction and
storage of the
refrigerant)

(to destruction
facilities)

$1-2/kg
$1-2/kg

$4-25/kg
$10-35/kg

$0.01-0.06/kg
$0.01-0.06/kg

Destruction
costs

Total costs

$5-7/kg
$5-7/kg

$10-34/kg
$16-44/kg

By comparison, total costs estimates are $9-13/kg and 10-15/kg for mobile air-conditioners (dense and
sparse populations), with noticeably lower recovery processing costs ($4-6/kg). The recycling of these
small capacity units can be indeed automated and so mass-performed in specialised facilities, leading
to economies of scale, all the more in the EU since they are covered by the WEEE regulation, which
drives to developing organized collection systems.
On the contrary, there is concern that stationary AC equipment used in the commercial sector may not
be disposed of responsibly at the end-of-life. According to the German Quality Assurance Institute,
installation contractors often leave disposed commercial equipment outside facilities/buildings, which
are then commonly collected by ordinary scrap metal recycling facilities or equipment refurbishment
facilities that may not be recovering the refrigerant (ICF, 2008). Though it is easier to ship refrigerant
to the nearest incinerators, some of them lack destruction standards, and fugitive emissions often
result.
Therefore, although CFCs, HCFCs and HFCs handling, recovery and recycling are now covered by
the EC 1005/2009 regulation or the F-gas regulation, end-of-life recovery losses are still reported in
the most recent reference reports at the study team’s disposal (see Task 4, subtask 4.1). Because of a
lack of field measurements, there is currently no precise estimation of what should be the actual
average refrigerant recovery practices, depending on the AC product type and the country.
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According to EPEE’s position paper on the improvement of the F-gas regulation (HFC refrigerants),
which is quoted below, it seems that cross-border issues (Germany ships for instance some of the
recovered refrigerants to France for destruction, and some countries do not have any destruction
facility) can have negative impacts on refrigerant recovery and recycling :
-

-

If a user recovers HFC refrigerants, they are sometimes regarded as dangerous waste,
thereby falling under numerous restrictions for cross border treatment and transport. The end
of life of certain equipment containing F-gases could be better organized if it would be
regulated under similar principles as the WEEE directive.
The current lack of harmonization and information on certification requirements and training of
technicians and operators between the Member States is making it very complicated to
operate (and employ) across borders.

As a conclusion, refrigerants recovery/destruction schemes/processes can be seen as only partially
satisfactory and optimized, because of the need to improve cross-border exchanges and
EU/national/regional programs to govern the collection, reclamation and disposal of AC products and
their refrigerants.
From the angle of ecodesign, the information provided by the manufacturer to the building manager
could be improved for a better knowledge of good equipment disposal practices. Note also that Daikin
has developed a refrigerant recovery machine, especially used to discharge VRF systems, because of
the need to discharge properly the refrigerant piping system that supplies all the indoor units installed
within the building. The use of dedicated refrigerant recovery systems for any cold production unit
(chillers, air-to-air conditioners) and designed by the manufacturers of these products is an interesting
way to improve refrigerant end-of-life and is relevant to the ecodesign scheme.
The study team discusses estimations of average refrigerant leakage and recovery rates in Task 4.
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CONCLUSION
The actors and their roles
The study team has shown that while focusing on users and their needs of information, it is more
relevant to consider a range of different actors who take part in the different phases of an AC project.
From the angle of the final energy consumption of the AC system, these actors do not play a role
during the same phases of the life cycle of the system:
-

The building manager, the architect and the design engineer(s) are the decision-makers. They
step in the first phases of the project, during which the architect can forbid the use of some
system architectures only in very specific situations.
Because of his technical knowledge, the design engineer is the key actor who has the greatest
influence. In particular, he is in charge of the choice of a system / product type (architecture,
technology) and of its sizing, which is the main step that determines the final energy use and
corresponding electricity bill. Unfortunately, oversizing is a common practice to ensure a
proper cooling in any situation and avoid any complaints from the end-users.
Most of the time, the choice of the building manager is only driven by economic concerns. His
expectations lie more on the initial investment (purchasing + installation costs) than on
operating costs, though the latter might be minimized with a more efficient system. If controls
are centralised but not automated, the building manager is also in numerous cases the actor
who decides on the pattern of use of the AC system, which directly affects its energy
consumption.

-

The mechanical contractors are firms who employ air conditioning craftsmen for installation,
maintenance or decommissioning tasks. Although it is likely that some systems are not
properly installed / maintained, it seems that the referent technicians are generally well-trained
and experienced enough to handle their tasks without impacting the efficiency and good use
of the equipment. If the system is then consuming too much energy, it is rather due to a lack of
adapted and sufficient information provided by the manufacturers and the design engineer on
the good installation or maintenance practices to follow.

-

The end-users (beneficiaries of the AC functions) play an important role only if they are
allowed to control the terminal units of the AC system, through thermostats, remote controls or
electronic interfaces. Knowing that their technical knowledge is very limited, the lack of
information on how to use properly the equipment as well as unfitted control means /
interfaces can be particularly detrimental to the energy consumption of the system.

Information requirements
On the basis of this classification, the following conclusions can be drawn :
From the angle of customers (building manager + end-users)
They require technical information that is properly simplified and adapted to their needs. Because of
their lack of knowledge, the purchasing decision lies greatly on their trust in the work done by the
design engineer, who generally tends to oversize the system. Their improper use of control options is
also of great concern.
-

There is a need of standardization of the information provided by the design engineer or any
other individual in charge of the system sizing to the customer. In particular, it is necessary
that the customer is not only made aware of the initial costs of the proposed different choices
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but also of the estimated operating costs and payback periods, otherwise the decision-making
process is biased and detrimental to the higher energy efficiency options.
-

Important reductions in energy consumption can be made through a better use of control
options, which must be easily understood by the end-users. Field studies show clearly that
there is a somewhat poor understanding of these interfaces.

-

For the time being, efficiency labels for air conditioning products (through not directly on the
product but in the technical documentation of the product in the tertiary sector) are not
compulsory and done by manufacturers only on a voluntary basis. The systematic availability
to the customers of such indication is to be discussed. It is a simple way to green the
purchase contracts of companies and institutions that can then simply require a chiller of class
A to be installed.

From the angle of design engineers
Design engineers need accurate information from manufacturers on the technical specifications of
their products. Without this information, it is hard to make precise estimations of the energy
consumption of a product / system and to compare the performances of different solutions.
There are two problems with this practice: the core information required by design engineers to
perform energy calculation is not available. Information obtained by design engineers is not certified.
The main issue here is not only to force manufacturers to give detailed information, as this information
is generally available and delivered to the customers when they require it. The question is also to
certify large amount of data for a large number of products.
Europe could help by standardizing rules of acceptance of large amount of data and explaining how to
certify software type of information. This would largely help the diffusion of manufacturer data in
building / HVAC system simulation tools and consequently help the diffusion of these tools which are
of primary importance to ensure proper design and energy calculation.
From the side of mechanical contractors
As manufacturers provide guidelines and precise information on the installation of their products, the
focus should be rather put on the maintenance phase. Maintenance actions often come down to
checking the refrigerant charge, refrigerant refill and replacement of components, rather than checking
of the energy efficiency of the cold production unit or the system as a whole.
-

With the current improvements in electronics and sensors and the decreases in the prices of
the corresponding fault detection components, the spread of Fault Detection and Diagnostics
(FDD) systems could be discussed. It is obvious that for small cooling capacities, such
equipment might not be cost-effective because of small economies of energy with regard to
high capital costs, but the reduction potential in energy consumption is important for higher
cooling capacities. Making information on equipment’ state and on its actual energy efficiency
available to the maintenance craftsmen looks crucial.

-

Improving decommissioning and potential recycling through the marking of the materials
content of the different pieces of equipment that form AC products is an interesting option that
could be discussed within this Ecodesign scheme.

Other potential Ecodesign fields ?
Apart from the intrinsic efficiency of the AC equipment, there is a wide range of other different reasons
that can lead to an energy consumption greater than what is actually needed to cool the occupants of
a building as expected.
Controls
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For new systems, the minimum control functions to be implemented are described in the
EN15232:2007 standard. The few field studies available for existing systems (dated 1999 – 2000)
identified poorly controlled systems, with operation sometimes all year long despite even when no
cooling requirements occur.
Leakage of AHU casing
An important cooling energy loss can be due to the air leakage of AHUs and ducts. AHUs are
Ecodesign products and maximum leakage thresholds shall be an output of the study. Moreover, the
Eurovent certification of casings is already done with available data and the creation of an AHU label
with more stringent requirements is in preparation.
Cooling setpoints
France forbids to cool below a dry bulb temperature of 26 °C. This is an extreme measure, whose
application is not certain, but with large potential savings.
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ANNEX 1 : MODELLING OF TYPICAL BUILDINGS
Data organization
This annex provides the geometrical and numerical description of the 8 typical buildings that have
been modelled for the study.
Pictures give overviews of the different floors (when only one picture is reported, this means that all
floors have the same geometry).
Data tables are split into four parts (double line borders) :
-

A general summary.
Thermal zones geometry (cardinal orientations, glazed and opaque surfaces, volumes). Note
that surface ratios are only indicators for checking and not numerical inputs of the simulations.
Thermodynamic properties of walls and windows.
Ventilation scenarios. They are calculated in accordance with the number of occupants and
their estimated needs in minimum indoor air quality air flow rates, which differ between the
different zones (otherwise said, they depend on the typical use of the corresponding rooms).

Occupancy scenarios are reported in the second part of the annex.
Building simulations outputs
The building simulations step, which is carried out on the CLIMHYBU software, is aimed at outputting
the cooling and heating loads of the different typical buildings throughout one year, under three
climates, the calculation time step being one hour. Otherwise said, these simulations allow the study
team to estimate the cooling and heating loads of each of the typical buildings, for each hour of what is
thought to be, on the basis of the chosen weather data, one typical average year at one specific
location.
Therefore, each simulation corresponds to one building under one climate, out of three climates, to
take into account the weather variability throughout the EU. Note that as reported in the previous
chapter 2.4, the climatic parameters (mostly the outdoor air dry bulb temperature and to a less extent
the absolute humidity of the air) are the parameters that have the greatest impact on the cooling and
heating loads of a building, and so on the use of any AC product that is operated within it. The
climates of Helsinki, Strasbourg and Athens have been chosen. The building simulations step is made
up of 24 simulations (8 buildings x 3 climates).
The obtained data sets (hourly records of cooling loads, heating loads, average temperature and
absolute humidity inside the building) are then used as the inputs of a second set of simulations,
carried out on a dedicated software that the study team has designed for the purpose of Entr Lot 6.
This second set of simulations, explained in Task 4 report, is aimed at calculating the electricity
consumption of modelled AC products, on the basis of the building simulations data sets on one hand,
and of algorithms that simulate the working of these products on the other hand.
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OFFICE TYPE 1 : LARGE OFFICE BUILDING
Total area : 15000 m2 / Floor height : 3 m / Total height : 36 m for 12 floors
TZ1

TZ2

TZ3

TZ4

TZ5

Surface area of one
floor (m2)

37

281

469

262.5

200.5

Ratio of total
surface area

3%

21%

16%

Volume (12 floors)
(m3)

1334

9450

7216

60%
10116

Ratio of all outside
walls per total
surface area

16884
66%

Ratio of all outside
vertical walls
(opaque and glazed)
per total surface
area
Ratio of glazed
(vertical) surfaces
per total surface
area

58%

26%

Ratio of roof per
total surface area

8%

Ceiling surface for
one floor (m2)

37.1

281

469

262.5

200.5

Vertical surface
(opaque + glazed)
for one floor (m2)

North : 22.3
East : 15

South : 168.6
West : 15

N : 281.4
W : 15

S : 157.5
E : 15

N : 22.4
E : 4.5
W : 4.5

Glazed surface for
one floor (m2)

N : 11.1

S : 84.3

N : 140.7

S : 78.8

N : 11.2
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U (W.m-2.K-1)
Cm
Solar heat gain
coefficient without
solar protection
Light transmission
ratio without solar
protection
Solar heat gain
coefficient with
solar protection
Light transmission
ratio with solar
protection

Wall

Window

Roof

0.8

3

0.4

(kJ.m-2.K-1)

Light inertia (can range from very light to very heavy) : 130 (From calculation)
0.01

0.6

0.015

-

0.6

-

-

0.2

-

-

0.2

-

TZ1

TZ2

TZ3

TZ4

Air permeability
(m3/h/m2)

1.12

Ventilation rate

25 m3/h/person in offices
30 m3/h/person in conference room
6h-20h during week – Stopped during weekend

Number of
occupants
Supply air (m3/h)
Exhaust air (m3/h)
AHU (supply =
exhaust) (m3/h)

TZ5

0

281

469

900

0

3000 (constant)

7025
-

11725
-

-

-

-

-

27000

15750
-
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OFFICE TYPE 2 : MEDIUM OFFICE BUILDING
Total area : 5000 m2 / Floor height : 3 m / Total height : 12 m for 4 floors
TZ1

TZ2

TZ3

TZ4

TZ5

Surface area of one
floor (m2)

37

347

347

272

247

Ratio of total
surface area

3%

22%

20%

Volume (4 floors)
(m3)

445

3259

2962

56%
4166

Ratio of all outside
walls per total
surface area

4166
67%

Ratio of all outside
vertical walls
(opaque and glazed)
per total surface
area
Ratio of glazed
(vertical) surfaces
per total surface
area

42%

9%

Ratio of roof per
total surface area

25%

Ceiling surface for
one floor (m2)

37

347

347

272

247

Vertical surface
(opaque + glazed)
for one floor (m2)

W : 15

N : 208.3
E : 15
W : 15

S : 208.3
E : 15
W : 15

E : 15

E:9
W:9

Glazed surface for
one floor (m2)

0

N : 57

S : 57

0

0
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U (W.m-2.K-1)
(kJ.m-2.K-1)

Cm
Solar heat gain
coefficient without
solar protection
Light transmission
ratio without solar
protection
Solar heat gain
coefficient with
solar protection
Light transmission
ratio with solar
protection

Wall

Window

Roof

0.8

3

0.4

Medium inertia (can range from very light to very heavy) : 215 (From calculation)
0.01

0.6

0.015

-

0.6

-

-

0.2

-

-

0.2

-

TZ1

TZ2

TZ3

TZ4

Air permeability
(m3/h/m2)

1.14

Ventilation rate

25 m3/h/person in offices
30 m3/h/person in conference room
6h-20h during week – Stopped during weekend

Number of
occupants
Supply air (m3/h)
Exhaust air (m3/h)
AHU (supply =
exhaust) (m3/h)

TZ5

0

116

116

310

0

1000 (constant)

2900
-

2900
-

-

4800

-

-

-

9300

-

76

OFFICE TYPE 3 : SMALL OFFICE BUILDING
Total area : 1000 m2 / Floor height : 2.7 m / Total height : 5.4 m for 2 floors
TZ1

TZ2

TZ3

TZ4

TZ5

Surface area of one
floor (m2)

15

90

201

90

108

Ratio of total
surface area

3%

18%

21%

Volume (2 floors)
(m3)

81

486

583

58%
486

Ratio of all outside
walls per total
surface area

1085
104%

Ratio of all outside
vertical walls
(opaque and glazed)
per total surface
area
Ratio of glazed
(vertical) surfaces
per total surface
area

54%

21%

Ratio of roof per
total surface area

50%

Ceiling surface for
one floor (m2)

15

90

201

90

108

Vertical surface
(opaque + glazed)
for one floor (m2)

N : 6.8
E : 16.2

S : 40.5
W : 16.2

N : 90.5
W : 16.2

S : 40.5
E : 16.2

S : 16.2
E : 5.4
W : 5.4

Glazed surface for
one floor (m2)

N : 3.8

S : 22.5

N : 50.3

S : 22.5

S:9
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U (W.m-2.K-1)
(kJ.m-2.K-1)

Cm
Solar heat gain
coefficient without
solar protection
Light transmission
ratio without solar
protection
Solar heat gain
coefficient with
solar protection
Light transmission
ratio with solar
protection

Wall

Window

Roof

0.8

3

0.4

Medium inertia (can range from very light to very heavy) : 190 (From calculation)
0.01

0.6

0.015

-

0.6

-

-

0.2

-

-

0.2

-

TZ1

TZ2

TZ3

TZ4

Air permeability
(m3/h/m2)

1.77

Ventilation rate

25 m3/h/person in offices
30 m3/h/person in conference room
6h-20h during week – Stopped during weekend

Number of
occupants
Supply air (m3/h)
Exhaust air (m3/h)
AHU (supply =
exhaust) (m3/h)

TZ5

0

15

33

51

0

200 (constant)

375
-

825
-

-

1000

-

-

-

1530

-
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HOSPITAL
Total area : 30350 m2 / Floor height : 3 m / Total height : 15 m for 5 floors

Surface area of one
floor (m2)

TZ1

TZ1'

TZ2

TZ3

TZ4

TZ5

TZ6

TZ7

TZ8

TZ8'

469

274

959

304

532

532

292

2333

187

187

15.8%

5%

14382

4564

Ratio of total
surface area
Volume (5 floors)
(m3)

12.2%
7038

4110

22.3%
7986

Ratio of all outside
walls per total
surface area

50%

Ratio of all outside
vertical walls
(opaque and glazed)
per total surface area

30%

Ratio of glazed
(vertical) surfaces
per total surface area

8%

Ratio of roof per
total surface area

20%

38.4%

6.2%

7986

4374

35000

2809

2809

Ceiling surface for
one floor (m2)

469

274

959

304

532

532

292

2333

187

187

Vertical surface
(opaque + glazed)
for one floor (m2)

E : 138

E : 164.4

W : 62.4

W : 19.8

N : 399
E : 12

S : 399.3
E : 12

N : 16
S : 16.2
W : 162

N : 77
S : 77
W : 82.2

N : 77

S : 77

Glazed surface for
one floor (m2)

E : 38

E : 45

W : 17

0

N : 110
E:3

S : 110
E:3

N:4
S:4
W : 45

N : 21
S : 21
W : 23

N : 21

S : 21
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U (W.m-2.K-1)
Cm (kJ.m .K )
Solar heat gain
coefficient without
solar protection
Light transmission
ratio without solar
protection
Solar heat gain
coefficient with
solar protection
Light transmission
ratio with solar
protection
-2

Wall

Window

Roof

0.6

3

0.3

Heavy inertia (can range from very light to very heavy) : 270 (From calculation)

-1

TZ1

0.01

0.6

0.015

-

0.6

-

-

0.2

-

-

0.2

-

TZ1'

TZ2

TZ3

TZ4

TZ5

TZ6

TZ7

Air permeability
(m3/h/m2)

1.2

Ventilation rate

25 m3/h/person in offices and bedrooms
6 m3/h/m3 for laboratories
15 m3/h/m3 for operation rooms
Full time, stopped only in the operation rooms during non occupation periods

Number of
occupants
Supply air (m3/h)
Exhaust air (m /h)
AHU (supply =
exhaust) (m3/h)
3

TZ8

TZ8'

143

240

152

333

333

182

0

0

3575

-

-

8319

8319

4556

-

-

-

-

-

-

-

-

16100

8669

-

86300

68460

-

-

-

-

-

80

RETIREMENT HOME
Total area : 3900 m2 / Floor height : 3 m / Total height : 12 m for 4 floors

Surface area of
one floor (m2)

TZ1

TZ1'

TZ1''

TZ2

TZ2'

TZ2''

TZ3

TZ4

TZ5

TZ6

TZ7

TZ8

144

40

40

144

40

40

144

60

48

167.2

64

48

14.7%

6.1%

4.9%

17.1%

6.5%

4.9%

1728

720

576

2006

768

576

Ratio of total
surface area
Volume (4
floors) (m3)
Ratio of all
outside walls per
total surface
area
Ratio of all
outside vertical
walls (opaque
and glazed) per
total surface
area
Ratio of glazed
(vertical)
surfaces per
total surface
area

22.9%
1728

480

22.9%
480

1728

480

480

82%

57%

14%

Ratio of roof
per total surface
area

25%

Ceiling surface
for one floor
(m2)

144

40

Vertical surface
(opaque +
glazed) for one
floor (m2)

S:
108
E : 12
W:
12

Glazed surface
for one floor
(m2)

S : 32

40

144

40

40

144

60

48

167.2

64

48

S : 30
W:
12

S : 30
E : 12

N:
108
E : 12
W:
12

N:
30
W:
12

N : 30
E : 12

W : 54

E : 30

E : 24

E : 9.6
W:
9.6

0

0

S:9

S:9

N:
32

N:9

N:9

W : 16

E:9

E:7

E:3
W:3

0

0
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U (W.m-2.K-1)
Cm
Solar heat gain
coefficient
without solar
protection
Light
transmission
ratio without
solar protection
Solar heat gain
coefficient with
solar protection
Light
transmission
ratio with solar
protection

Wall

Window

Roof

0.6

3

0.3

(kJ.m-2.K-1)

Heavy inertia (can range from very light to very heavy) : 240 (From calculation)

TZ1

TZ1'

0.01

0.6

0.015

-

0.6

-

-

0.2

-

-

0.2

-

TZ1''

TZ2

TZ2'

TZ2''

Air permeability
(m3/h/m2)

TZ4

TZ5

TZ6

TZ7

TZ8

0

1.2
25

in offices and bedrooms
4 m3/h/m3 for the nursing room
Full time, stopped only in the operation rooms during non occupation periods

Ventilation rate
Number of
occupants
Supply air
(m3/h)
Exhaust air
(m3/h)
AHU (supply =
exhaust) (m3/h)

TZ3

45

m3/h/person

45

96

48

7

0

0

2250

2400

1200

-

-

-

-

-

-

-

3660

2190

-

-

-

2304

-

-

-
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HOTEL
Total area : 3670 m2
Ground floor height : 3.2 m or 2.2 m (TZ1 and TZ4) / Storey height : 2.5 m / Total height : 10.7 m for 4 floors
TZ1

TZ2

TZ3

TZ4

TZ5

TZ6

TZ7

TZ8

TZ9

Surface area of
one floor (m2)

84.3

327.2

220.1

217

525.4

246.3

327.8

175.2

15.5

Ratio of total
surface area

2.3%

8.9%

6.0%

5.9%

14.3%

20.1%

26.8%

14.3%

1.27%

Volume (1 floor
or 3 floors) (m3)

185.5

1047

704.3

477.4

1681.3

1847.3

2458.5

1314

116.3

Ratio of all
outside walls per
total surface area

87.8%

Ratio of all
outside vertical
walls (opaque and
glazed) per total
surface area
Ratio of glazed
vertical surfaces
per total surface
area

50.4%

9.3% (18.5% of outside vertical walls)

Ratio of roof
surface per total
surface area

37.4%

Ceiling surface
(m2)

84.3

327.2

220.1

217

525.4

246.3

327.8

175.2

15.5

Vertical surface
(opaque + glazed)
for one floor (m2)

N : 29.9
E : 13.6

S : 26.2
E : 95.0

N : 49.6
W : 45.4
S : 49.6

N : 22.2
W : 47.7

N : 69.1
S : 118.4

N : 120.8
W : 12.8
E : 12.8

S : 151.8
W : 13.5
E : 13.5

N : 15.5
W : 5.3
E : 5.3

N : 15.5

Glazed surface for
one floor (m2)

N : 5.5
E : 2.5

S : 4.8
E : 17.6

N : 9.2
W : 8.4
S : 9.2

N : 4.1
W : 8.8

N : 12.8
S : 21.9

N : 22.3
W : 2.4
E : 2.4

S : 28.1
W : 2.5
E : 2.5

N : 2.9
W : 1.0
E : 1.0

N : 2.9
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Wall
Window
Roof
1.25 (built in 1988)
3.9 (built in 1988)
0.5 (built in 1988)
0.4 (built in 2000)
2 (built in 2000)
0.2 (built in 2000)
Heavy inertia (can range from very light to very heavy) : 260 (French standard)

U (W.m-2.K-1)
Cm (kJ.m-2.K-1)
Solar heat gain
coefficient
without solar
protection
Light transmission
ratio without solar
protection
Solar heat gain
coefficient with
solar protection
Light transmission
ratio with solar
protection
TZ1

0.01

0.6

0.015

-

0.6

-

-

0.6 (built in 1988)
0.2 (built in 2000)

-

-

0.6 (built in 1988)
0.2 (built in 2000)

-

TZ2

TZ3

TZ4

TZ5

TZ6

TZ7

Air permeability
(m3/h/m2)

1.2 (French standard)

Ventilation rate

25 m3/h/person for offices
30 m3/h/person for the bedrooms and the restaurant
Run permanently all the week long

Number of
occupants
Supply air (m3/h)
Exhaust air (m3/h)

3

TZ8

TZ9

0

0

45

30

50

122

148

197

-

-

1875

1590

3660

4440

5910

-

-

1070

6055

-

-

-

-

-

9520

830
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SHOPPING MALL
Total area : 13000 m2 / Floor height : 7 m - 10 m for the cinema / Total height : 7 m - 10 m with one floor
TZ1

TZ2

TZ3

TZ3'

TZ4

TZ5

Surface area of one
floor (m2)

50

5000

4040

900

2000

950

Ratio of total
surface area

0.4%

38.5%

31.1%

6.9%

15.4%

7.3%

Volume (1 floor)
(m3)

350

35000

28280

6300

14000

9500

Ratio of all outside
walls per total
surface area

163%

Ratio of all outside
vertical walls
(opaque and glazed)
per total surface
area

63%

Ratio of glazed
vertical surfaces per
total surface area

4.8%

Ratio of roof
surface (opaque and
glazed) per total
surface area
Ratio of glazed
horizontal surfaces
per total surface
area

100%

15.4%

Ceiling surface (m2)

50

5000

4040

900

2000

950

Vertical surface
(opaque + glazed)
for one floor (m2)

0

S : 3570

N : 2940

N : 630

E : 28

N : 400
W : 240
S : 400

Glazed surface for
one floor (m2)

0

0

0

N : 630

Roof : 2000

0

85

U (W.m-2.K-1)
Cm (kJ.m-2.K-1)
Solar heat gain
coefficient without
solar protection
Light transmission
ratio without solar
protection
Solar heat gain
coefficient with
solar protection
Light transmission
ratio with solar
protection

Wall
Window
Roof
1.25 (built in 1988)
3.9 (built in 1988)
0.5 (built in 1988)
0.4 (built in 2000)
2 (built in 2000)
0.2 (built in 2000)
Heavy inertia (can range from very light to very heavy) : 260 (French standard)

TZ1

0.01

0.6

0.015

-

0.6

-

-

0.6 (built in 1988)
0.2 (built in 2000)

-

-

0.6 (built in 1988)
0.2 (built in 2000)

-

TZ2

TZ3

TZ3'

Air permeability
(m3/h/m2)

2.5 (French standard)

Ventilation rate

35 m3/h/person in shops
30 m3/h/person in the cinema
Run at full rate during occupancy hours

Number of
occupants
Supply air (m3/h)
(m3/h)

Exhaust air
AHU (supply =
exhaust) (m3/h)

TZ4

TZ5

0

1500

1482

400

950

-

59540

58830

-

-

2370

-

-

116000

-

-

-

-

-

28500
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HYPERMARKET
Total area : 6000 m2 / Floor height : 7 m / Total height : 7 m with one floor
TZ1

TZ2

TZ3

Surface area of one
floor (m2)

4500

510

990

Ratio of total surface
area

75%

8.5%

16.5%

Volume (1 floor)
(m3)

31500

3570

6930

Ratio of all outside
walls per total
surface area

137%

Ratio of all outside
vertical walls
(opaque and glazed)
per total surface area

37%

Ratio of glazed
vertical surfaces per
total surface area

4%

Ratio of roof surface
(opaque and glazed)
per total surface area

100%

Ceiling surface (m2)

4500

510

990

Vertical surface
(opaque + glazed)
for one floor (m2)

N : 315
E : 700
S : 315

N : 105
W : 238

S : 105
W : 462

Glazed surface for
one floor (m2)

E : 41

N : 88
W : 112

0
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U (W.m-2.K-1)
Cm (kJ.m-2.K-1)
Solar heat gain
coefficient without
solar protection
Light transmission
ratio without solar
protection
Solar heat gain
coefficient with solar
protection
Light transmission
ratio with solar
protection

Wall
Window
Roof
1.25 (built in 1988)
3.9 (built in 1988)
0.5 (built in 1988)
0.4 (built in 2000)
2 (built in 2000)
0.2 (built in 2000)
Heavy inertia (can range from very light to very heavy) : 260 (French standard)
0.01

0.6

0.015

-

0.6

-

-

0.6 (built in 1988)
0.2 (built in 2000)

-

-

0.6 (built in 1988)
0.2 (built in 2000)

-

TZ1

TZ2

TZ3

Air permeability
(m3/h/m2)

2.5 (French standard)

Ventilation rate

25 m3/h/person in offices
30 m3/h/person in the sales area
Run at full rate during occupancy hours

Number of
occupants
Supply air (m3/h)
Exhaust air

(m3/h)

900

43

0

27000

1075

-

-

-

28075
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OCCUPANCY SCENARIOS
A1. OFFICE BUILDINGS (LARGE TO SMALL) : OFFICES

A2. OFFICE BUILDINGS (LARGE TO SMALL) : CONFERENCE ROOMS
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B1. HOSPITAL : OFFICES, CONSULTATION AND EMERGENCY ROOMS

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
1

2

3

4

5

6

7

8

9

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

B2. HOSPITAL : LABORATORIES, RESTAURANT, TECHNICAL ANNEXES

1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

B3. HOSPITAL : OPERATION ROOMS
1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
1

2

3

4

5

6

7

8

9

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

B4. HOSPITAL : BEDROOMS
90

C1. RETIREMENT HOME : BEDROOMS
1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
1

2

3

4

5

6

7

8

9

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

C2. RETIREMENT HOME : NURSING ROOM
1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
1

2

3

4

5

6

7

8

9

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
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C3. RETIREMENT HOME : COMMON ROOM
1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
1

2

3

4

5

6

7

8

9

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

C4. RETIREMENT HOME : RESTAURANT
1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
1

2

3

4

5

6

7

8

9

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

D1. HOTEL : OFFICES AND PASSAGES

92

D2. HOTEL : RESTAURANT, HALL AND UTILITIES

D3. HOTEL : KITCHEN

D4. HOTEL : BEDROOMS

D5. HOTEL : PASSAGES (STOREYS
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E1. RETAIL BUILDINGS (HYPERMARKET AND SHOPPING MALL) : SALES AREA, SHOPS,
HALL

E2. SHOPPING MALL : CINEMA

E3. HYPERMARKET : OFFICES

94

TASK 3 REFERENCES
Adnot & al., 2001, Managing the growth of the demand for cooling in urban areas and mitigating the
urban heat island effect
Armines, with support from US EPA and ADEME, April 2004, Determination of comparative HCFC and
HFC emission profiles for the foam and refrigeration sectors until 2015
AREA, February 2004, The European refrigeration craftsman, Survey performed by MonitorGroep, the
Netherlands
ASHRAE, ASHRAE Handbook : Fundamentals
ASHRAE, January 2006, Sustainability roadmap, coordinated by R.E. Jarnagin
Ayr, Cirillo, Martellotta, An experimental study on noise indices in air conditioned offices, Applied
Accoustics Vol. 62
University of Berkeley, California, December 1995, Technology data characterizing space conditioning
in commercial buildings : application to end-use forecasting with COMMEND 4.0, Study within the
frame of the CBECS scheme, prepared by O. Szegen, E.M. Franconi, J.G. Koomey, S.E. Greenberg,
A. Azfal, L. Shown
Bordass, Bromley, Leaman, 1993, User and occupant controls in office buildings, BRE Research
Report in Building Services
Bory, 2008, Analysis and simulation of defects of operation for air conditioning audit, PhD Thesis,
Mines ParisTech
Braun, Groll, Comstock, 2001, The sensitivity of chiller performance to common faults, International
journal of Heating, Ventilating, Air-Conditioning and Refrigerating Research
Brown & al., 2005, Air conditioning surveys in the UK retail sector, or ‘Keeping the Cold in’
BSRIA, 2009, Market research reports for France, Germany, Greece, Italy, Spain and United Kingdom
Butler, 2009, The elephant in the room : HVAC for high performance homes, from the American
RESNET conference
Calm, 2006, Comparative efficiencies and implications for greenhouse gas emissions of chiller
refrigerants, International journal of refrigeration Vol. 29
Center for the built environment, University of Berkeley, October 1999, Office tenant needs study
CBECS, October 1999, Energy Consumption Characteristics of Commercial Building HVAC Systems
Volume II: Thermal Distribution, Auxiliary Equipment, and Ventilation, Prepared by Detlef Westphalen
and Scott Koszalinski Arthur D. Little, Inc. For Office of Building Equipment Office of Building
Technology State and Community Programs U.S. Department of Energy
California Energy Commission, January 2000, Handbook : how to hire an energy services company
Comstock, Braun, Groll, 2002, A survey of common faults for chillers, ASHRAE Transactions Vol. 108
Corgnati, Fabrizio, Filippi, 2008, The impact of indoor thermal conditions, system controls and building
types on the building energy demand, Energy and Buildings Vol. 40

95

Crawley, Drury, 2008, Estimating the impacts of climate change and urbanization on building
performance, Journal of Building Performance Simulation,1:2,91 — 115
Dupont, 2006, Energy saving potential of energy services – Experimentation on the life cycle of energy
conversion equipments, PhD Thesis, Mines ParisTech
The Carbon Trust, 2008, Heating, ventilation and air conditioning equipment – A guide to equipment
eligible for Enhanced Capital Allowances, Technology information leaflet ECA762, see also
www.eca.gov.uk/energy
EECCAC, Armines, France, April 2003, Energy Efficiency and Certification of Central Air Conditioners
(EECCAC) – Final Report, coordinated by J. Adnot and P. Waide
ELENA (European Local Energy Assistance), November 2009, Summary Sheet
EN 378, April 2008, Refrigerating systems and heat pumps : safety and environmental requirements
EN 13313, February 2002, Refrigerating systems and heat pumps : competence of personnel
EN 13779, July 2007, Ventilation for non-residential buildings – Performance requirements for
ventilation and room-conditioning systems
EN 14511-4, January 2008, Air conditioners, liquid chilling packages and heat pumps with electrically
driven compressors for space heating and cooling – Part 4 : Requirements
EN 15232, January 2008, Energy performance of buildings – Impacts of building automation, controls
and building management
EN 15251, August 2007, Indoor environmental input parameters for design and assessment of energy
performance of buildings addressing indoor air quality, thermal environment, lighting and acoustics
EPBD, Recast of the Directive 2010/31/EU, 19 May 2010, Energy Performance of Buildings
EPEE, October 2010, Recommendations for improvement of the F-Gas regulation
Eskeland, Mideksa, January 2009, Climate change adaptation and residential electricity demand in
Europe, Center for International Climate and Environment Research
Energy Star HVAC Quality Installation Program, www.energystar.gov
Eurovent Certification, Current 2010 online database of certified products
Ecodesign DGTREN Lot 10, 2008, Preparatory study on the environmental performance of residential
room conditioning appliances, co-ordinated by P. Rivière, Task 3 report
EURIMA – European Insulation Manufacturers Association. U-values for Better Energy Performance
of Buildings, Reported by Ecosys for EURIMA http://www.eurima.org/uploads/pdf/EURIMAECOFYS_VII_report_p1-65.pdf.
European Regulation N° 2037/2000, 29 June 2000, Substances that deplete the ozone layer
Furnace compare, American website at www.furnacecompare.com
Frost & Sullivan, 1998, European air conditioning and refrigeration markets
French Regulation, 19 March 2007, Décret n° 2007-363, Décret relatif aux études de faisabilité des
approvisionnements en énergie, aux caractéristiques thermiques et à la performance énergétique des
bâtiments existants et à l’affichage du diagnostic de performance énergétique
Goto & al., 2007, Long-term field survey on thermal adaptation in office buildings in Japan, Building
and Environment Vol. 42

96

Haldi, Robinson, 2008, On the behaviour and adaptation of office occupants, Building and
Environment Vol. 43
Hourahan, Amrane (ASHRAE members), August 1996, Recycling of air-conditioning and refrigeration
equipment in the U.S.
ICF International, March 2008, Final draft of the study on the collection and treatment of unwanted
ozone-depleting substances in Article 5 and Non-Article 5 countries, United Nations Environment
Programme (UNEP)
IEA – ECBCS Program, Annex 48, Heat pumping and reversible air conditioning, March 2009,
Analysis of building heating and cooling demands in the purpose of assessing the reversibility and
heat recovery potentials, prepared by Stabat & al.
(EN) ISO 7730, March 2006, Ergonomics of the thermal environment – Analytical determination of
thermal comfort using calculation of the PMV and PPD indices and local thermal comfort criteria
(EN) ISO 9001, November 2008, Quality management systems : requirements
(EN) ISO 14001, December 2004, Environmental management systems : requirements with guidance
for use
Jakob, Catenazzi, Jochem, Shukla, 2008, Impact of climate change in the tertiary sector of Europe,
Centre for Energy Policy and Economics (CEPE), ETH Zurich
Karjalainen, 2008, Thermal comfort and use of thermostats in Finnish homes and offices, Building and
Environment Vol. 44
Keep Cool project within the frame of the Intelligent Energy Europe (IEE) Programme, July 2010, From
cooling to sustainable summer comfort, coordinated by B. Dröschel
Knight, Dunn, 2002, AC energy efficiency in UK office environments, from the International
Conference on Electricity Efficiency in Commercial Buildings
Lee & al., 2002, Experimental investigation on the drop-in performance of R407C as a substitute for
R22 in a screw chiller with shell-and-tube heat exchangers, International journal of refrigeration Vol.25
Melikov & al., 1997, Air temperature fluctuations in rooms, Building and environment Vol. 32
Millet et Al., 2005, "Quelques solutions pour des bâtiments de bureaux climatisés à moins de 100
kWh/m²/an?" MILLET J.R., FLEURY E., ALESSANDRINI J.M., FERY A, TOURNIE P., MARCHIO
D.,FILFLI S., DAMOLIS P.,GOURMEZ D. - CSTB, Mines Paristech, Alto ingénierie -Rapport CSTB
DDD/PEB 05.044R, septembre 2005.
Nicol, Humphreys, 2007, Maximum temperatures in European office buildings to avoid heat
discomfort, Solar Energy Vol. 81
Office of Building Equipment, part of the U.S. Department of Energy, April 2001, Energy consumption
characteristics of commercial building HVAC system Vol.1&2, Prepared by Detlef Westphalen and
Scott Koszalinski
Psiloglou, Giannakopoulos, Majithia, Petrakis, 2009, Factors affecting electricity demand in Athens,
Greece and London, UK : a comparative assessment, Energy Vol. 34
Santamouris & al., 2000, The effect of the Athens heat island on air conditioning load, Energy and
Buildings Vol. 32
Stabat, P., 2009, "Analysis of building heating and cooling demands in the purpose of assessing the
reversibility and heat recovery potentials "– STABAT P., http://www.ecbcs-48.org, Nov. 2009.

97

UNEP, Technology and Economic Assessment Panel, October 2009, Task force decision XX/7 –
Phase 2 report : “Environmentally sound management of banks of ozone-depleting substances”,
Montreal protocol on substances that deplete the ozone layer
United States Agency for International Development, Indian Bureau of Energy Efficiency, March 2008,
Energy Conservation Building Code Tip Sheet – HVAC system

98

LIST OF FIGURES
Figure 3 - 1 . European air conditioning and refrigeration contractors (AREA, 2004)........................... 10
Figure 3 - 2 . Profile of a commercial AC technician (AREA, 2004) ...................................................... 10
Figure 3 - 3 . Profile of a service technician (AREA, 2004) ................................................................... 11
Figure 3 - 4 . Profile of an installation technician (AREA, 2004) ........................................................... 11
Figure 3 - 5 . Example of an energy performance contract (Dupont, 2006).......................................... 14
Figure 3 - 6 . Noise levels of 2-pipes non-ducted fan-coil units, as a function of their cooling capacity
(plotted from the Eurovent Certification online database) .............................................................. 17
Figure 3 - 7 . Standard noise levels of 2-pipes non-ducted fan-coil units, as a function of their efficiency
(plotted from the Eurovent Certification online database) .............................................................. 17
Figure 3 - 8 . Percentage of the heating load when cooling load is also requested in the building for all
simulated office building cases (each dot corresponds to a building case. Only the main
parameters are presented on x-axis) ............................................................................................. 25
Figure 3 - 9 . Estimate of heating energy recovery on chiller condenser .............................................. 26
Figure 3 - 10 . Heat recovery potential (in % of the total heat demand) for all simulated office building
cases (each dot is plotted on the x-axis similarly to Figure 3 - 8) .................................................. 26
Figure 3 - 11 . Drops in the cooling needs of a typical building for different energy reduction measures
(Keep Cool project) ........................................................................................................................ 28
Figure 3 - 12 . Typical installation of an air conditioner in the residential sector (Energy Star Quality
Installation Program) ...................................................................................................................... 30
Figure 3 - 13 . Records of the air temperature of a room at different heights (Melikov & al.) ............... 31
Figure 3 - 14 . Deviation in the electrical consumption of a 90 ton (316 kW) chiller for a reduced
condenser water flow (Braun & al.) ................................................................................................ 32
Figure 3 - 15 . Survey of common faults for a range of 500 chillers manufactured by the main
American manufacturers (Comstock & Braun) .............................................................................. 33
Figure 3 - 16 . Condenser fouling: effect on the annual energy consumption for an office building in
Nice and Trappes / Global savings for regular condenser cleaning of a fouled condenser, office
building located in Nice (Bory) ....................................................................................................... 34
Figure 3 - 17 . Performances comparison of a 100 kW screw chiller charged with R-22 and R-407c
refrigerants – Pc / Pc, nom and EER / EERnom as a function of the refrigerant temperature at the inlet
of the evaporator ............................................................................................................................ 36
Figure 3 - 18 . Types of controls of the IAQ (EN 13779) ....................................................................... 39
Figure 3 - 19 . Time-control of the cooling function of a VAC system - Typical office, BAC efficiency
class C (EN 15232) ........................................................................................................................ 39
Figure 3 - 20 . Mixed 'time + occupancy' control of the cooling function of a VAC system - Occupancy
control of the ventilation function of a VAV system - Typical office building, BAC efficiency class A
(EN 15232) ..................................................................................................................................... 40
Figure 3 - 21 . Perceived control versus room size (Bordass & al.) ...................................................... 44
Figure 3 - 22 . Operation of the mechanical cooling/heating systems and windows (Goto & al.) ......... 45
Figure 3 - 23 . AC energy demand: comparison between different set points (Corgnati & al.) ............ 45
Figure 3 - 24 . Influence of controls’ use on indoor temperature distributions for given thermal comfort
votes (Haldi & Robinson)................................................................................................................ 46
Figure 3 - 25 . Comparison between 5 generic AC system types: cooling power consumption (Knight &
Dunn) .............................................................................................................................................. 47
Figure 3 - 26 . Comparison between 5 generic AC system types: corresponding building loads (Knight
& Dunn) .......................................................................................................................................... 48
Figure 3 - 27 . Comparison between 5 generic AC system types: ILPR performance ratios (Knight &
Dunn) .............................................................................................................................................. 48
Figure 3 - 28 . Survey of retail buildings in the UK: AC installation and configuration (Brown & al.) .... 50
Figure 3 - 29 . Survey of retail buildings in the UK: Indoor set point temperature and relative humidity
(Brown & al.) ................................................................................................................................... 50
Figure 3 - 30 . Estimates of sensible/latent/total cooling degree days and of heating degree days
forEU-27 countries , according to Eqn.1 and for country-specific sites indicated in Table 3 - 11.
IWEC statistics have been used as inputs for meteorological data. .............................................. 53

99

Figure 3 - 31 . Estimates of European cooling degree days (source Eurima, ASHRAE method for CDD
and EUROSTAT method for HDD) – CDD scale : 0, 200, 400 ... 1020 / HDD scale : 585, 1000,
2000 ... 7076 .................................................................................................................................. 54
Figure 3 - 32 . Comparison of country average total cooling degree days with estimates for capital
cities only across countries in Europe. ........................................................................................... 56
Figure 3 - 33 . Sketch of an urban heat island profile (Adnot & al., from the Heat Island Group) ......... 56
Figure 3 - 34 . Base building in Athens: impact of the heat island effect on the yearly electrical cooling
load and peak electrical power needed for cooling (Santamouris & al.) ........................................ 57
Figure 3 - 35 . Estimated changes in heating and cooling degree days in European countries
(Eskeland & Mideksa) .................................................................................................................... 58
Figure 3 - 36 . Electricity demand for cooling as a function of CDDs for different locations in Europe
(Jakob & al.) ................................................................................................................................... 58
Figure 3 - 37 . Bill-of-materials of an air-cooled chiller (from Carrier’s input to the study) .................... 62
Figure 3 - 38 . Standard decommissioning chain of commercial AC equipment (adapted from
Hourahan & Amrane) ..................................................................................................................... 64

LIST OF TABLES
Table 3 - 1 . Information required by the building owner ......................................................................... 6
Table 3 - 2 . Information required by the architect .................................................................................. 7
Table 3 - 3 . Information required by the design engineer ...................................................................... 7
Table 3 - 4 . Information required by the installer .................................................................................... 9
Table 3 - 5 . Information required for maintenance and by the beneficiary of the AC systems .............. 9
Table 3 - 6 . ASHRAE thermal sensation scale and categories of thermal environment (ISO 7730) ... 42
Table 3 - 7 . Recommended maximum indoor operative temperature (adapted from EN 15251) ........ 42
Table 3 - 8 . Satisfaction with room temperature control among office occupants (review from
Karjalainen & Koistinen) ................................................................................................................. 43
Table 3 - 9 . Surveyed Japanese office buildings (from Goto & al.) ...................................................... 45
Table 3 - 10 . Comparison between 5 generic AC system types: lowest and highest energy consumers
(Knight & Dunn) .............................................................................................................................. 49
Table 3 - 11 . List of cities considered in this study for the calculation of cooling degree days, source
Eskeland at al., 2009 ...................................................................................................................... 55
Table 3 - 12 . Cooling degree days for different ambient base conditions (based on IWEC data) ....... 55
Table 3 - 13 . End-of-life of an air-cooled chiller (from Carrier’s input to the study).............................. 62
Table 3 - 14 . Scrap metal prices (updated from Hourahan & Amrane to 2010)................................... 64
Table 3 - 15 . Summary of an economic analysis of AC equipment recycling (updated from Hourahan
& Amrane to 2010) ......................................................................................................................... 65
Table 3 - 16 . Location of ODS destruction facilities currently in operation in EU countries (TEAP of the
UNEP, 2009) .................................................................................................................................. 67
Table 3 - 17 . Components of cost relating to refrigerant recovery and destruction steps – Stationary
air-conditioning products (TEAP of the UNEP, 2009) .................................................................... 67

100

