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BACKGROUND
Despite the availability of passive solutions, the standard way of securing summer comfort in
buildings is still the application of mechanical air conditioning. It was thus the overall goal of the
project to contribute to a broad market transformation from “cooling” to “sustainable summer
comfort” which can be defined as achieving good summer comfort conditions with no or limited
use of conventional energy and through the use of environmentally non harmful materials.
The project Keep Cool proposed different actions to achieve this goal. For this it has been
divided in two phases. The first one provided analyses and technical tools to overcome the most
important barriers by introducing sustainable summer comfort. The second phase was
addressing existing networks and policy makers on national and European level by providing
them information material with good practice examples designed especially for the target groups.

Phase 1: Elaborating instruments for overcoming barriers
There practical recommendations and information to overcome the most important market
barriers such as the prevalence of incorrect design rules and operating practices in buildings,
the lack of financial reward for professionals making buildings energy efficient or even avoiding
mechanical cooling systems due to the fact that a lot of countries the national buildings codes do
not reward sustainable summer comfort solutions were elaborated.
In this phase a special focus was on public bodies and procurement schemes to point out and
support the member states by achieving their exemplary role in the application of the Directive
on Energy End-use Efficiency and Energy Services (EEE-ESD).
An important support to national institutions updating the Energy Efficiency Action Plans (EEAP)
and implementing the Directive on energy end use efficiency and energy services consisted in
simulations on Energy Improvement Actions (EIA) especially for existing buildings. This was
done by developing an approach for a bottom-up assessment of the energy savings related to
sustainable summer comfort solutions.

Phase 2: Market transformation through dissemination activities addressing different
target groups
The transformation activities focussed especially on dissemination actions addressing the entire
market chain from the suppliers industry to the building owners mainly by making use of existing
networks in the building industry as well as in the field of planners and architects. For the
outcomes under this WP the implication of the European Solar-Shading Organisation (ES-SO)
was very helpful. Its representatives from Austria and Sweden could be won over to contributing
practical aspects and the point of view of a professional group in the building sector.
Also a part of special advice to policy makers was integrated which should help to integrate
sustainable summer comfort in policy schemes such as national building directives but also in
the amendment of the National Energy Efficiency Plans.
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All activities were carried out not only on national but also on international level which were also
dedicated to key actors of target groups in countries which were not directly involved in the
project.

The results of the project should contribute to:
 Increased awareness among building owners, tenants, planners, designers and suppliers

on “summer comfort” instead of “cooling”
 Stronger cooperation of the different professional branches along the market chain of

sustainable summer comfort
 Comprehensive information material available on the project homepages
 Recommendations for sustainable summer comfort for public procurement schemes,

national building regulations or national Energy Efficiency Action Plans (EEAP) in every
participating country
 The results of the project should be wide spread also in countries which were not

involved in the action

Target groups and selection of buildings
The project aimed to addressing all relevant actors along the market chain of sustainable
summer comfort services and products. These were in particular:
 Suppliers and retailers of various sustainable summer comfort solutions
 Architects, planners, HVAC designers, construction companies
 Building owners
 Building energy consultants
 Building users
 Facility managers and O&M staff
 Public procurement organisations
 National and regional institutions for building regulation
 National and regional institutions for energy policy
 International Audience

By selecting these target groups nearly all people involved in the building constructing and
planning sector, ranging from the suppliers of construction material, facility management, public
bodies and policy makers to building owners and users, could be covered.
The main building types especially for the simulations carried out were office and commercial
buildings, small retails, public service buildings, hotels, hospitals etc. The selection for the
simulations focussed finally on two different office buildings, one small and one bigger one, a flat
and a small retail. The calculations for the energy improvement actions took into consideration
buildings with and without mechanical cooling, existing and new buildings.
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HISTORY AND APPROACH
12 partners from nine different European countries were involved in the project. They were
research institutes, universities and energy agencies from Germany, United Kingdom, Sweden,
Belgium, France, Portugal, Italy, Slovenia and Austria. Almost the same partners worked already
together in a former Keep Cool project also carried out under the IEE programme of the
European Commission. This first part of the collected best practice examples to show that
sustainable summer comfort instead of active cooling was possible for most buildings all over
Europe, from northern to southern climate zones.
The background for the project was the fact that the electrical needs for active summer cooling
measures are continuously increasing all over Europe. Despite the available knowledge and
technologies of passive cooling, cooling energy consumption is dramatically increasing in
Europe. The studies EECCAC and EERAC predict a four-fold growth in air-conditioned space
between 1990 and 2020 (Adnot et al, 1999; 2003). The IEA Future Building Forum even named
cooling as one of the fastest growing sources of new energy demand (International Energy
Agency, 2004).
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Estimated increase of cooling energy in the EU-15 from 1990 to 2020 (Adnot et al, 2003)
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But mechanical cooling is not only a problem related on energy consumption but has also a kind
of impact on health state. Technical efforts for a balanced indoor climate can provoke health
troubles which are known under the name of “sick building syndrome”. A study which focused on
this relation found out the even by observing objective values for good indoor conditions the

1

Adnot, J. et al. (2003). Energy Efficiency and Certification of Central Air Conditioners (EECCAC). Study for the D.G.
Transportation-Energy (DGTREN) of the Commission of the E.U., Final report.
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biggest part of the requested people would prefer natural ventilated places (Kruppa, Bischof, &
Bullinger-Naber, 2002)2.
In order to address these problems, the international project Keep Cool was initiated. The overall
goal of the project was to facilitate market penetration of sustainable cooling approaches and
technologies in the participating countries, and implement activities that prevent a further
increase of cooling demand in Europe. Keep Cool addresses both newly constructed and
existing service buildings in the public and private sector. Since the building owners are the
driving force in the investment process, the project focuses on convincing building owners on the
benefits of sustainable cooling solutions through marketing and dissemination of already existing
technologies, knowledge and tools. In addition, the project aims at supporting the cooperation
between suppliers and ensuring the link to policy makers, that might support sustainable
summer comfort.
So in a first time the project partners wanted to find and to demonstrate best practice examples
in their own countries to show that even by increasing the installation of electrical air
conditioning systems there exists examples with more sustainable approaches in all European
countries.
Instead of setting maximum energy input or prescribing certain technologies to be used, a logical
sequence of steps that should be considered when designing, constructing and operating a
building was proposed. This approach has the advantage of leaving ample freedom to designers
while supporting them in adapting the building to the local situation (climate, culture, locally
available materials). Not all steps and actions will be available in a specific situation to the
owner/designer, but the suggestion is to follow this path and closely analyse the possibilities for
action in a given situation for each step.

10 Steps to sustainable summer comfort
1. Define explicitly the thermal comfort objectives, using adaptive comfort models
wherever possible.
2. Intervene on the site layout and features which can affect summer comfort
3. Control and reduce heat gains at the external surface of the envelope
4. Control and modulate heat transfer through the building envelope
5. Reduce internal gains
6. Allow for local and individual adaptation
7. Use passive means to remove energy from the building
8. Use active solar assisted cooling plants
9. Use high efficiency active conventional cooling plants

10. Train building managers and occupants on how to use, monitor performances
and adequately operate and maintain the building.

2

Kruppa, B., Bischof, W., Bullinger-Naber, M. (2002). Positive und negative Wirkungen raumlufttechnischer Anlagen
auf Behaglichkeit, Leistungsfähigkeit und Gesundheit. GI 123(2), 88-95.
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GOOD

PRACTICE EXAMPLES

The best way to ensure a balance between energy consumption and well-being of building users
is the implementation of passive cooling facilities. Numerous examples show that with a
respective architecture, mechanical cooling can be obsolete without provoking overheating
effects. One of the most impressing examples in this direction is the building of the KfW bank in
Frankfurt, Germany. It has still a small mechanical air condition facility but the biggest part of the
heating exchange in summer is assured by an intelligent architecture which enables fresh air to
enter in the building through the large atrium during the night and thus to take away the hot air
accumulated during the day.

Atrium of the KfW bank in Frankfurt: combination of contemporary esthetics and passive cooling

But passive cooling is not only possible in newly constructed buildings but also by refurbishing a
building. A suitable example for a small office building which has been refurbished on the level
of a passive house is situated in Tübingen, Germany. The building was originally constructed
during the 1950-ies and was used as office building by the French military and later on by
German authorities. The building is under monumental protection, which had to be respected
during the renovation in 2002/2003.
Buildings constructed in the 1950-ies offer in general good possibilities for an energy efficient
refurbishment, because of their simple structure. The clear and simple exterior facades can
easily be equipped with heat insulation systems suited for a passive-house. The existing window
surfaces of 25% of office space, offered in this case good daylight-use conditions. Available
massive, heat-storing construction (thermal mass in the ground floor) in combination with
appropriate sunscreens (no exterior sunscreens due to monument conservation restrictions) led
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to no relevant difficulties regarding summer overheating. The goal of the owners was to create
an energetically and functionally optimized building, which should serve as reference project for
the activity of the energy consultants working there. An economic amortisation of maximum 10
years of the energetic specific additional investments had to be reached.
The energy concept is based on a passive-house standard with energetically high efficient heat
protection components (U-values of opaque components <0.2 W/(m2K), U-value windows: 0.8
W/(m2K). A high efficient ventilation system with air-to-air heat recovery via plate heat
exchangers in combination with a hermetically sealed building envelope reduces uncontrolled
losses or infiltrations to a minimum. The pre-heating or pre-cooling of the inlet air is realised by a
brine underground heat exchanger, which is placed in the perimeter of the building. The
sustainable cooling concept is based on the consequential application of passive and hybrid
cooling technologies – avoiding high cooling loads as far as possible and removing remaining
cooling loads only by hybrid technologies (mechanical night ventilation,…).
The following figures illustrate the individual components of the building energy concept.

Energy concept: high efficient thermal protection at roof and walls, strengthened perimeter insulation, passive-house windows with
U=0.8 W/(m2K) and g=50%, hermetically sealed building cover (n50=0,2h-1), brine underground heat exchanger in the perimeter of
the building for pre-heating and precooling of outside air of the mechanical ventilation system with heat recovery.

The energy demand for heating and warm water preparation is ~20 kWh/(m2a). The electricity
energy demand for lighting and building services is ~7 kWh/(m2a). The primary energy demand
is ~43 kWh/(m2a). Including electricity consumption of office appliances, the total specific
primary energy consumption is below the calculated value of about 110 kWh PE/(m²a).
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Another example for a successful refurbishment activity of an existing office building comes from
Sweden. It is a brick-building constructed in 1890 and situated in Stockholm with a heated
building area of nearly 350 m2. The refurbishment concept based on night ventilation, exterior
sun shading systems, low internal loads by installing energy efficient lighting systems and on the
concept of “open doors”. During hot summer periods the night ventilation is working with a
maximum flow rate as long as the outdoor temperature is lower then the indoor temperature.
Normally in July in Sweden the outdoor temperature is by 10o C lower then the indoor
temperature. Additionally the windows exposed to east and south have awnings and blinds
which reach a total reduction of solar radiation of 80%. To reduce also interior loads the installed
lighting performance is at 10 W/m2 in offices and at 8 W/m2 in other facilities. All offices are
situated along north, east and south facades. During night time the doors of the offices remain
opened to ensure good mechanical ventilation and a maximum heat exchange. With this cooling
concept no more active air conditioning systems are necessary. This is one more example that
even with relatively simple equipment, sustainable summer comfort can be met.
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ASSESSMENT

O F E N E R G Y S AV I N G S I N T H E
C O N T E X T O F S U S TA I N A B L E S U M M E R C O M F O R T
The following table gives an overview on the influencing factors for the indoor climate of a
building. It is an important basis to determine “benchmarks” of annual energy savings that can
be obtained by applying sustainable cooling solutions.

Thus, one of the initial objectives of the Keep Cool project consisted in developing an approach
for a bottom-up assessment of the energy savings related to sustainable summer comfort
solutions. This should lead to:
 “benchmarks” (typical values) of energy savings…
 …related to single or packaged technical actions of sustainable summer comfort…
 …applied to typical building types.

Scope
The decision was made to only focus on existing buildings and led apart new ones. The reasons
for this decisions is the fact that in most national building codes strict values for new buildings to
meet economies in energy consumption are already implemented. However for existing ones the
requirements for energy savings are much lower. Also the existing building stock is much bigger
in the EU then newly constructed buildings.
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Another decision was to focus on technical actions which are defined as actions taken on an
end-user’s, building, equipment site, etc. that improve the energy efficiency of the energy end
using facilities or equipments and thereby save energy. An end-use action can be taken
individually and evaluated separately like e.g. installation of solar shading.
Behavioural or organizational actions like the increase of temperature set-points for example
were not taken into account. So this analysis aims on both defining a methodology and obtaining
valuable results.

OVERVIEW

OF THE METHODOLOGY

Study of air conditioned buildings and non AC ones
Contrary to other sectors or other products like lighting, heating equipment, refrigerators etc. the
European air conditioning market is not mature since a significant part of the European building
stock is still not cooled or air conditioned. So the question to be answered is if it is possible to
estimate energy savings in air conditioned (AC) buildings and how to deal with non air
conditioned ones.
Some actions like installing sun shading devices in non AC buildings do not decrease the overall
energy consumption of the whole building but might contribute to avoid the installation of new or
supplementary active air conditioning (AC) systems and so help saving energy compared to the
consumption trend. Thus it is necessary to limit the energy consumption of AC appliances by
decreasing cooling needs but also to improve summer comfort in non AC buildings. This can
help to reduce the penetration rate of AC appliances. As a conclusion the decision was made to
study both the reduction of energy consumption in AC buildings and the summer comfort
improvement in non AC buildings.

How to assess summer comfort in non AC buildings?
For this assessment the European standard EN 15251 was used as basis for the evaluation of
thermal comfort. Four categories of buildings are defined in this standard according to the
occupants’ level of expectations. The comfort range suggested by the standard depends on the
building category. All the buildings studied in the Keep Cool project are within the category II:
“normal level of expectation”.

Comfort zones
There are two main approaches to evaluate thermal comfort: the analytic one and the adaptive
one. The analytic theory is based on two indices : the Predicted Mean Vote (PMV) and the
Predicted Percentage of Dissatisfied (PPD) and allows to conclude if an environment is
comfortable from six parameters related to the considered thermal environment (air temperature,
mean radiant temperature, air velocity, relative humidity) and to occupants (physical activity and
clothing thermal resistance). The EN 15251 standard proposes a default summer comfort zone
in the range of a minimum operative temperature of 20 °C and a maximum operative
temperature of 26 °C.
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The adaptive theory states that by allowing building users to adapt themselves to their
environment, either by actively influencing their dress code, the sun shading devices installed or
by choosing the location to work in, they could easier tolerate environmental conditions outside
the recommended range. Based on field surveys, several researchers showed that the
temperature on which most people report comfort (the so called ‘comfort’ temperature) could be
related to the external temperature at their location. In the EN 15251, the adaptive approach is
proposed as an optional method that can be used instead of the analytic one in naturally
ventilated buildings.

Comfort evaluation
There are two main indices to assess thermal comfort over the year. The “percentage outside
range” is the proportion of the occupation hours during which the temperature in a building lies
outside the range of the comfort zone. The “degree hours” is calculated by summarizing over
one year the number of degrees Celsius on which the hourly average temperature exceeds the
maximum allowed temperature. Both indices are retained in this study. Furthermore, in order to
give the opportunity to use either the analytic approach or the adaptive approach, two comfort
zones (one for each approach) were retained. From this approach the following long-term
indices result:
 Percentage outside range based on a maximum operative temperature of 26 °C (default

value in the standard for Category II)
 Degree hours based on a maximum operative temperature of 26 °C (default value in the

standard for Category II)
 Percentage outside range based on the adaptive comfort range (Category II)
 Degree hours based on the adaptive comfort range (Category II)
 However, in the present report, only the “percentage outside range” based on the

adaptive comfort range are presented.

Interactions to be considered
The implementation of measures aiming at improving summer comfort or reducing energy
consumption for AC can influence other kinds of energy consumption. The following figure gives
examples of interactions that should be observed when dealing with summer comfort.
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So it is not helpful to focus only on a single energy application as this could neglect a significant
part of the overall energy consumption of a building. Energy consumptions due to lighting,
heating and office equipments so are also taken into account in this study.

General methodology for the evaluation of energy savings
In order to evaluate energy savings, a methodology based on building simulations was
developed. The first step consisted in defining reference buildings with typical energy
consumption values which for the moment do not apply but would be suitable for the
implementation of sustainable summer comfort solutions.
Therefore these buildings were studied under two configurations: AC and non AC ones. For the
last configuration, we assumed that occupants can open the windows to make enter fresh air
inside the building. Building simulations were performed by ARMINES with the software
TRNSYS 16 which calculates building energy consumption on an hourly basis over one year
using local hourly weather data.
Then, different actions related to building envelope retrofit techniques and ventilation strategies
were applied to the reference buildings and it became possible to assess their performances in
terms of energy savings (AC configuration) and summer comfort improvement (non AC
configuration) compared to the reference buildings. The different actions studied are described
in section 4.

Predefinitions for AC buildings
Regarding the energy consumption evaluation, the following definitions are given:
 Cooling needs: in kWh/m²y are obtained with the simulations for the reference buildings

and the improved buildings.
 Final energy consumption for cooling: It can be obtained by dividing the cooling needs

with a seasonal efficiency. Proposal of the following default values as efficiencies
representative of the AC appliances stock: 1.5 for offices, 1.8 for residences and 1.5 for
retails.
Final energy consumption and interactions taken into account
As previously explained, interactions between different energy end usage appliances must
sometimes be taken into account like e.g. the increase of artificial lighting due to outside sun
shading devices. They have to be added or subtracted to electricity savings due to cooling.
These energy consumption figures due to heating, lighting, ventilation and office equipments are
explicitly explained in the so called deliverables (s. the project home pages work package 4).
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Predefinitions for non AC buildings
Regarding naturally ventilated buildings, the simulations enable to derive the following comfort
indices:
 Percentage outside range based on a maximum operative temperature of 26 °C (default

value in the standard for Category II)
 Degree hours based on a maximum operative temperature of 26 °C (default value in the

standard for Category II)
 Percentage outside range based on the adaptive comfort range (Category II)
 Degree hours based on the adaptive comfort range (Category II)

Energy savings and energy improvement actions
 Some actions in AC buildings will reduce the energy need for cooling.
 Some actions in non AC buildings will improve the comfort by reducing the number of

overheating hours.
 Some actions or packages of actions in non AC buildings will make the building more

comfortable and they will avoid the need for the installation of active cooling.
In the first configuration, energy savings can be directly calculated by comparing the energy
consumption before and after the implementation of an improvement action. In the second
configuration, the same saving value then for AC buildings should be used (this to support the
application of sustainable solutions). In the third configuration, the total consumption of the
reference building (AC) should be set as obtained saving. Then, a comfort criterion must be
defined to evaluate whether an action or a package solution implies a reduction of the cooling
load or enables to avoid the installation of mechanical air conditioning.
The used default criterion is the assumption that a building is comfortable when the percentage
of time outside zone is lower than 5 % over the summer.

THE

REFERENCE BUILDINGS

Definition of climatic areas
Assuming that solar radiation and cooling degree days are the key parameters regarding
summer conditions, the global solar radiation has been added up and cooling degree days have
been calculated over one year for 30 European cities: at least one city per member state (EU 25)
and several cities for France, Italy and Spain. Furthermore, the severity of winter is also an
important parameter in the study: On one hand it has an important impact on building
characteristics and on the other hand, the improvement actions elaborated have also an impact
on energy needs for heating. The selected and simulated buildings are fife representative cities
for European climatic areas: Stockholm, Paris, Milan, Lisbon and Palermo.
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Definition of reference buildings
Regarding their respective importance in terms of cooling surface, three activity sectors have
been selected for the study: the residential, the commercial and the office sector. A flat and a
small retail are defined as reference case for the residential and commercial sectors. Regarding
the office buildings, since it represents most of the air conditioned surface, it is represented by
two reference cases (s. the following table):
Number of
floors

Space
disposition

Glazed area [% of
the vertical surface]

Envelope surface /
conditioned volume

Office building n°1

12

Open space

45

0,23

Office building n°1

2

Cellular

30

0,57

Small retail

1

-

-

Flat

1

-

-

Building characteristics depend on the building type but also on the climatic area and are
supposed to be representative for existing buildings. Thus, twenty reference buildings are finally
kept in this study. Project partners from the five representative cities (Ecole des Mines in Paris,
eERG - Politecnico di Milano in Milan, LNEG for Lisbon in Portugal, Swedish Energy Agency for
Stockholm in Sweden) filled in an information request about the existing building stock in their
country.
The reference buildings are equipped with internal movable solar shading devices with a solar
factor of 0,7. A detailed description of these base cases can be found on the KC2 website
(www.keep-cool.eu). It delivers geometrical descriptions, walls descriptions, ventilation and
infiltration data, occupancy schedules, lighting schedules, appliances schedules, solar
protections, ventilation schedule, temperature set points, window openings.
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DESCRIPTION OF STUDIED ACTIONS
PORTFOLIO

OF ACTIONS

Based on the Keep Cool I project, a rather complete list of possible improvement actions related
to summer comfort has been compiled, with a description of the physical principles, the technical
implementation and the conditions of applicability. Although it is theoretically possible to apply
most of the technologies to any type of building, for practical and economic reasons some of
them are mainly suited for new buildings and not for existing ones. Then, the focus was layed on
actions for which adequate simulation tools for their energy performances existed. The final list
of Energy Improvement Actions (EIA) that have been simulated in order to evaluate savings is
given in the following table (technical specifications can be found on the KC2 website
(www.keep-cool.eu).
EEI actions to be studied

Offices

01.

Install an external movable screen blind – Manual
Control(SF=0,3; Manual control by occupants for visual and
glare comfort)

X

X

02.

Install an external movable screen blind – Radiation
control(SF=0,3; Radiation control)

X

X

03.

Install an external movable venetian blind – Manual
Control(SF=0,1; Manual control by occupants for visual and
glare comfort)

X

X

04.

Install an external movable venetian blind – Radiation
control(SF=0,1; Radiation control)

X

X

05.

Install an external window awning – Radiation
control(SF=0,3; Radiation control)

06.

Install efficient windows(U=1,09 W/m2K; SF=0,315; Visible
transmission factor=0,5)

X

07.

Treat wall and roofs with reflective paintings(thermal
reflectance=0,7)

X

X

08.

Insulate the roof (thermal insulation)(U=0,3 W/m2K)

X

X

09.

Use energy efficient office equipments(installed electric
power=7 W/m2)

X

Install energy efficient lightings and ballasts (installed electric
10. power: 10 W/m2 for office rooms; 7 W/m2 for other rooms; 12
W/m2 for retails)

Retails

Flats

X

X

X

X

X
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EEI actions to be studied
Install automatic operable openings - night time (on 50% of
11. the glazed envelope area, with specific control on in / outdoor
temperatures)

Offices

Flats

X

12.

Install automatic operable openings - day and night
time(equal to action 11, above)

X

13.

Install extraction system for night time ventilation (6 ACH,
control like action 11; fan efficiency=0,7; pressure
losses=700 Pa)

X

Install extraction system for day (2 ACH) and night (6 ACH)
14. ventilation (control like action 11; fan efficiency=0,7; pressure
losses=700 Pa)

Retails

X

X

Where SF means “solar factor”, U “thermal transmittance”, ACH “air changes per hour”, “Radiation control” consist in a so-called
“intelligent control”: blinds are closed if the total solar radiation striking the window exceeds 150 W/m2 and if the indoor temperature
is higher than 22°C.

DETERMINATION

OF PACKAGE SOLUTIONS

There are two reasons why it is necessary to study packages of actions and not only individual
actions separately. The first one is that very often, these technical solutions are not used as
stand-alone measures but in combination with other measures. The second reason is due to
interactions between measures: if two actions A and B are both implemented, the combined
action AB will not save as much energy as the sum of the two individual actions. As a result, the
actions listed in the table above must be studied not only individually but within packages.
Ideally packages should have been defined also bases on economical data and evaluated from
the most efficient ones to the less efficient ones (in terms of € per saved kWh for example).
However economical data were not available, and the decision was made to define packages of
actions based on expert knowledge and also on the results obtained for individual actions.
Four packages of actions were simulated for office buildings:
 Pack. 1: energy efficient office equipments + energy efficient lighting (actions 09.+10.)
 Pack. 2: Pack. 1 + external Venetian blind with radiation control (actions 09.+10.+04.)
 Pack. 3: Pack. 2 + automatic operable openings at day and night time (actions

09.+10.+04.+12.)
 Pack. 4: Pack. 3 + efficient windows + insulate the roof(actions 09.+10.+04.+12.+06+08.)
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Two packages of actions were simulated for the small retail:
 Pack. 5: external window awning with radiation control + energy efficient lighting (actions

05.+10.)
 Pack. 6: all the actions considered for small retail (actions 05.+06.+10.+14.).

Two packages were studied for the flat:
 Pack. 7: special paintings + Venetian blind (04. + 07.)
 Pack. 8: Pack. 7 plus roof insulation (04. + 07. + 08.)

POTENTIALS

OF SEVERAL RETROFIT ACTIONS

In this section some main results in terms of cooling needs for AC buildings and thermal comfort
for non AC buildings are exemplary presented for office buildings. Regarding summer comfort,
the values given in this report are “percentages outside range” based on the adaptive comfort
range (s. section 3.1) but other long term indices can be found in the complete deliverables.

Results for office buildings
Reduction of cooling needs
The figures below show the cooling needs of the reference cases (Office 1 and Office 2) as well
as the cooling needs of the reference cases when an action or a package of action has been
applied. The different actions are presented in section 4.2.3.
For Office 1, the best individual improvement action is a Venetian solar protection with radiation
control. It enables to reduce cooling needs by about 70 % in Stockholm, Paris and Lisbon and
60 % in Milan and Palermo. For Office 2 the best individual improvement action is a Venetian
solar protection with radiation control which enables to reduce cooling needs by respectively
about 65 % in Stockholm, 50 % in Paris and Lisbon, 45 % in Milan and 40 % in Palermo.
Regarding packages, cooling needs can be reduced very significantly by the implementation of
Package 2: between 70 % and 85 % for Office 1, and between 60 and 90 % for Office 2. In case
of important retrofit with the implementation of Package 4, cooling needs can be almost totally
suppressed for Stockholm and Paris in both reference buildings and for Milan in Office 1 (only
reduced by 90 % in Office 2). In the two warmest climates Lisbon and Palermo, Package 4 cuts
cooling needs by about 80-90 %.
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Summer comfort improvement (non AC buildings)
The figures below show the evolution of thermal comfort according to the actions implemented in
the reference cases (Office 1 and Office 2). The different actions are presented in section 4.2.3.
For Office 1, the best individual improvement action is also in this case the Venetian solar
protection with radiation control which enables to cut the number of discomfort hours by
respectively about 80 % in Paris, 60 % in Lisbon, 50 % in Milan, 40 % in Stockholm and 35 % in
Palermo. For Office 2, the best individual improvement action is a free cooling during night and
day time. It enables to cut the number of discomfort hours by respectively about 65 % in Paris,
55 % in Lisbon and Milan, 40 % in Stockholm and Palermo. Regarding packages, the number of
discomfort hours can be reduced by 50 – 80 % by installing solar protections and reducing
internal loads. In case of important retrofit with the implementation of Package 4, the percentage
of hours outside zone becomes lower than 5 % over a year in most of the studied cases.
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Evolution of thermal comfort for the different actions studied for Office 1 in naturally ventilated mode
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CONCLUSIONS

FROM

THE

S I M U L AT I O N

R E S U LT S
With the present work, a methodology has been developed to derive energy saving figures
related to sustainable summer comfort.
By evaluating both air conditioned buildings and naturally ventilated ones, this methodology
takes into account the fact that air conditioning in buildings is a non mature market as an
important part of the European building stock is still not cooled or air conditioned. The problem
of the reduction of energy consumptions due to air conditioning appliances should be also
addressed at the source, which means in buildings that are currently not air conditioned. Another
main point of this methodology is that it gives a significant liberty to the user providing a clear
calculation chain. Thus, the user can decide to not employ our default assumptions and
calculate new values based on our simulation results and on his own assumptions regarding
seasonal efficiencies.
By using the developed methodology, it appears that the adoption of different types of solar
shading devices and the use of adequate ventilation strategies can turn out to be a significant
source of energy savings. Typical values of energy savings related to single EIA or package
solutions of technical measures applied to typical building types are now available. Several main
conclusions can be drawn:
 A reduction of energy needs for cooling up to almost 50% can be reached by applying

simple actions (screen blinds, venetian blinds).
 In most cases, the adoption of combined actions can avoid the need of a mechanical

cooling system.
 The adoption of automatic radiation control of movable shading devices allows to

optimize the use of solar protection components and to reach greater reduction of
energy needs for cooling.
 Adequate ventilation strategies have an important potential for cooling energy savings,

particularly by adopting automatic control depending on the indoor and the outdoor
temperatures. Natural and mechanical ventilation during day and night time allows to
evacuate heat gains and loads when it’s necessary and possible.
 Occupant behaviours appear to be a key parameter to reduce air conditioning

consumptions: Occupants should be able to control solar protection devices by
themselves, in summer a casual dress code should be implemented and office furniture
should be selected also by regarding summer needs.
 Especially in non air conditioned buildings energy efficient office equipment and lighting

systems which do not release unnecessary heat contribute to pleasant summer comfort
conditions.
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PA S S I V E C O O L I N G S O L U T I O N S
Corresponding to the results of the simulations performed a compendium for solar shading
products and passive cooling methods was elaborated. Some examples from this compendium
are described in the following text. The whole “Report on Available Products and Passive
Cooling Solutions” can be downloaded from both project homepages: www.izes.de and
www.keep-cool.eu.
As shown in the simulations for different building types above, a lot of possibilities to avoid
mechanical air conditioning systems exist and often passive solutions even in existing buildings
and especially for refurbishment purposes meet perfectly the requirements set by the planners,
owners and tenants.

NIGHT

VENTILATION

The thermal storage capacity of materials can be used to reduce the peaks of temperature in
buildings. During summer, thermal mass can be used to lower the upper daytime temperature,
thereby reducing the need for cooling. The over a day warmed-up thermal mass is cooled by
night time ventilation, when outdoor temperatures are low, and allow heat dissipation at the
following day when indoor temperatures are high. If a night-ventilation-system is performed well,
the building has got adequate thermal mass and solar gains are reduced to a minimum, the
installation of an active cooling system can be dispensable.

The principle of free night cooling

Free night ventilation is operating due to the density difference of internal and external air;
density is a function of the temperature. Because night temperatures are - at least in central
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Europe – mostly under 21°C and room temperatures are higher, a density difference is most of
the time effective. Wind also generates pressure differences between air-inlet- and -outletopenings. To do efficient night ventilation it is indispensable that the building can be good flown
through by air. Free night ventilation via opened windows can achieve air flow rates from 10 h-1
and more. Free ventilation can also be realized with overflow-elements in the façade. The
thermal mass of a building is the stabilisation-element of the room temperature: The bigger
thermal mass, the more evenly the room temperature. Big thermal masses (density x specific
heat capacity) are making temperature-vacillations smoother. For the temperature-vacillation
within a day the surfaces in the room are crucial. The heat-penetration-coefficient is a mass of
the short-thermal impact. The higher the heat-penetration-coefficient, the faster heat can be
absorbed or emitted. So, heat peaks can be absorbed at day and given off from the building
component at night. If there is too less thermal mass existing, overheating will take place. With
heat loaded thermal mass has to be cooled with fresh external air during night and early in the
morning. Short time ventilation and ventilation at morning is not sufficient, the penetration time is
too short. The recooling period should take at least 5 hours. Ideally night ventilation should take
place from 10pm to 10am.
Boundary conditions for free night cooling:
 The (daily total) cooling load of the building should not be higher than 150 Wh/m²d

(external shading!)
 The building should own an adequate thermal mass
 An operative air change during day should be done
 Night ventilation of at least 5 hours per night when the external air temperature is under

21°C.
 Air change rate should be (much) more than 2 h-1
 Free night ventilation only implementing, when the building can be streamed through well

by air; burglary and weather protections are existing.
 Mechanical night ventilation only, if free ventilation is not feasible

PLASTER AND
MATERIAL

PLASTERBOARD INTEGRATED WITH

PHASE-CHANGE-

This a measure which was not been taken into account in the simulations. Nevertheless it can
be an interesting solution to obtain sustainable summer comfort conditions especially in cases of
refurbishment. Systems that use Phase Change Materials (PCM) can be used to store energy
and for increasing the thermal mass of a building. All substances store energy when their
temperature changes, but when a phase change occurs in a substance, the energy stored is
higher. Furthermore, heat storage and recovery occur isothermally, which makes them ideal for
space heating /cooling applications. Microscopically plastic-capsules with a core made of wax
get insert into the plaster or plaster-boards during fabrication.
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Plaster board with integrated PCM (model)

The melting temperature of the wax can be defined during manufacturing. If the room
temperature is rising above this melting point (around 21 to 26 °C), wax gets liquid and it
absorbs the surplus of room-heat. If room-temperature is falling, the wax is getting hard and is
giving heat to the room-air. For the periodical melting and solidification, air-temperature
differences during day and night are used, for example via night ventilation. The PCM-primaryproduct (Micronal PCM from basf) is delivered as liquid dispersion or as powder. During
manufacturing it is added to plaster, plasterboards, spackle or chipboards. All constructions
integrated PCM have to be regenerated during night to have a sufficient heat storage capacity
next day. This regeneration can occur via night ventilation, with integrated capillary tubes or if
existing via static cooling systems or air conditioning.

Plaster boards with integrated PCM compared to conventional ones
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EXAMPLES FOR SOLAR SHADING SYSTEMS
To obtain the most efficient results regarding protection against overheating phenomena in
summer, solar shading devices should be installed on the outside surface of glazed facades or
between the spaces of the glazing. So they can avoid most effectively the entries of sun
radiation and heat in the building.

SOLAR

SHADING WITH DAYLIGHT TRANSPORT

To support the free night cooling during daytime adapted solar shading systems should be used.
One of these systems can be a dynamic solar shading with daylight transport. Light-directing
blinds are characterised by their highly reflective slat curtain. In order to provide the best
possible sun protection, the slats are adjusted depending on the position of the sun while diffuse
low-energy light from the sky is simultaneously transported via the reflectors (slats) into the
room. The energy balance of such systems is optimal, they achieve the best sun protection
values, reduce the requirement for artificial lighting by up to 80 %, and also ensure solar gains
for passive room heating. Light-directing blinds are highly efficient passive cooling systems that
can be adapted very well to the outside conditions (direct and diffuse radiation) as they are
adjustable and retractable. Light-directing blinds require motorised drives in combination with a
user-oriented, automatic control. Motorised light-directing blinds, in connection with motorised
drives, a well designed control system and openable windows ensure that no or only little
cooling energy is required during the day, while ensuring efficient cooling at night.

Dynamic solar shading devices

Depending on the user behaviour, the glazing, the glazing percentage and the installation
position and tightness of the curtain, an improvement of the U value by 5 - 10 % can be
achieved. Effect on heating energy requirement: Saving of up to 5 kWh/m2a
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ROLLER SHUTTERS
Roller shutters are characterised by a curtain made of many horizontal profiled bars (mostly
made of aluminium, plastic or wood) hinged together. These can be raised to open and can be
closed tightly for solar protection and darkening purposes; to some extent, roller shutters fulfil
some of the security requirements of the user. The entire curtain can be raised, for instance
when there is no direct solar radiation or if free solar gains should be used. Special designs may
have adjustable slats (similar to blinds) or special profiles to ensure that more natural daylight is
utilised better. Roller shutters are very efficient passive shading systems that can be adapted
well to the outside climatic conditions (height adjustable). If solar radiation is too strong, up to
85% of the incident sun energy can be blocked (reflected and absorbed) from the interior of the
building drastically reducing the use of active cooling systems. During the heating period,
significant solar gains can be achieved as the shading can be deactivated (retracted). Roller
shutters, in connection with motorised drives, a well designed control system and openable
windows ensure that no or only little cooling energy is required during the day, while ensuring
efficient cooling at night. Possible energy savings during the cooling period can at approx 25
kWh/m2a and more. During the heating period, energy savings of up to 10 kWh/m2a are
feasible.

Roller shutters in use
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BEYOND THE TECHNICAL APPROACH
Besides technical possibilities to establish comfortable summer conditions in buildings with low
energy consumption, there are also more logistical issues to observe. It is not always evident to
find planners, architects and designers who are interested in sustainable summer comfort. Often
overheating or discomfort problems in buildings are “solved” by installing mechanical air
condition devices afterwards when the construction or refurbishment phase is more or less
finished. In these cases neither the needs of the building users nor the real conditions in a
building were taken into account. Today the traditional way of constructing buildings is still that
every trade is working on its own and not at all in cooperation with all other ones. In a more
“integrated” planning and design process, right from the beginning the different trades
(architecture, building physics, heating, ventilation, climate and electronic technologies, lighting
design, etc.) and primarily the users have to be involved. Only in this manner inconsistent goals
in a first time can be pulled together in a second one, synergy effects can be used and
reciprocal obstruction of the different systems can be avoided.
To give some practical advice especially to public bodies who are envisaging to refurbish their
building stock in an energy efficient way, during the project guidelines to find competent and
interested planners in this subject were developed. The guidelines contain suitable advice and
checklists to create and evaluate bids and to select planners who have interest and know-how in
energy efficient construction and comfortable buildings.
The traditional way of planning, where the architect designs the building, and afterwards building
service engineers equip the building with building services systems separately – irrespectively to
the needs of users - hits the wall and can not meet these requirements. Therefore
comprehensive, integrated planning is necessary. Right from the beginning, the different trades
(architecture, building physics, heating, ventilation, climate and electronic technologies, lighting
design, etc.) and primarily the users have to be involved in the planning process. If the whole
life cycle of a building is considered, the running costs are much higher than the costs for
construction and refurbishment activities. By applying integrated planning the investment costs
could be up to 5 % higher but the annual running costs can be reduced by 40 – 70 %. These
resulting low running costs will have a major impact on the decision of potential buyers and
tenants in the future.
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Changes/adjustments in early planning phases can be carried out cheaply and effectively. The later changes on the building are
made, the more effort is necessary to reach the goals and the costs for these changes rise considerably.

If running costs for cooling shall be as low as possible, passive design measures have to be
realised which can only be integrated, if they are considered from the beginning of the planning
phase. During the planning phase regular and intensive communication between the different
trades is the most important instrument to find the optimal solutions under consideration of basic
conditions and targets. Together in a team the building owner, users, architect, building service
engineers, building physics engineers, light man-agers, energy/facility manager etc. have to
define goals, towards which the engineers then align their activities. Regular project meetings
have to take place, where the developed options and solutions are presented and discussed and
further procedures and goals until the next meeting are defined.
The result of this intense planning are buildings which attract by their architectural design, offer
excellent indoor air quality for their users and have low running costs at the same time. To
realise them, participating experts have to have special qualities:
 Openness for other ways of planning than usual ways
 Openness for new, innovative and challenging solutions
 Outstanding social, communication and management skills
 Special interest in energy efficiency
 User requirements are in the centre of interest
 Experience/references
 Widespread knowledge of how different concepts effect the energy demand, comfort

level and investment costs
Already before launching a call for tender the building owner should make a decision in favour of
either a functional or a specification based tender which have both advantages and
inconveniences.
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FUNCTIONAL

TENDER

Often the customer has decided only on the function required, not which specific measures or
solutions are necessary to fulfil the action. These measures and solutions are developed by the
planner during the tender process. The purpose of the service and the technical, economical,
architectural and functional requirements have to be described by the customer.
A functional specification of services allows the customer to combine flexibility in business
dealings, goal setting and control with the planner’s creative skills and expertise. The process
requires a clear and precise definition of the existing framework and requirements. These help
the planner to arrange and prepare a well fitting service package to best meet the customer’s
needs.
If the specifications of the framework are presented inaccurately and vaguely, uncertainty and
conflict of interest are much more likely to occur, resulting in inflated costs and disadvantages,
which may affect all parties:
 With regard to the constructor: additional costs for amendments, which can not be ruled

out in the contract. Disputes often result in litigation costs and settlements.
 With regard to the building company: losses, because services were not calculated and

cannot be implemented through amendments.
Key factors for ensuring cost effective outcomes are accurately defined general conditions and
the planner’s freedom to implement measures and suggestions according to his ideas and
judgement. Assessing and designing the contract through functional tenders can be demanding
and time consuming for the customer, as the individual offers cannot be compared.
While the customer can focus on his core business, the planner is faced with the high level of
complexity and costs during the tender process, compared to specification based tenders. The
additional costs and efforts incurred often result in inflated prices.
As with conventional service tender, it is crucial to solicit several bids or to engage in a tender
process. This will spur the planner’s creativity, due to competition.
The best bid is determined first via a cash value analysis for quantifiable criteria, followed by a
value benefit analysis. The best bid therefore is not necessarily the one that is most costefficient, but the one which provides best value for money.

SPECIFICATION

BASED TENDER

In this type of tender the customer closely specifies the services required, thus defining the
scope of the contract as well as the quality standards requested.
This procedure allows the customer to compare bids more effectively. On the other hand, it puts
constraints on the planner’s creativity, which might help to track further energy savings
measures or to develop more effective plans. For this reason, both the framework and the
planner’s freedom to implement new ideas need to be well balanced.
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Every tender should include a description of the planned building (low energy demand, use of
ecological materials, use of renewable energies, implementation of a facility management
system etc.) and clear expectations for the bidders.
Some exemplary requirements:
 Maximum energy demand: less than XY kWh/m²a
 Maximum cooling demand: less than XY kWh/m³a
 Energy demand for lighting: less than XY kWh/a
 Use of passive cooling technologies (If you have chosen a certain technology, you could

ask for this technology instead of general passive cooling.)
 Use of renewable energies to cover the demand (If you have chosen a certain

technology, you could ask for this instead for the general use of renewable energies.)
The following table shows potential services of a planner. It compares the functional tender with
the specification based tender.
Functional tender

Development of a rough concept
In a first stage the architectural
and technological concept should
be developed in accordance with
the building owners
requirements.



Making the tender to find
professionals/general planner
The target is to put together a
professional and suitable design
team by making a tender. The
professionals with the best costbenefit ratio should be chosen.
The design team has to be able
to develop a concept which is as
cheap as possible during the
construction and the running
phase.

Specification based tender

Development of an architectural
concept

Development of a concept of applied
technologies, materials and
management strategies (facility
management)

Organising 2 meetings with the
building owner to discuss the concept

Adjusting the concept after the 2
meetings with the building owner

Choosing necessary trades

Developing the specification list

Writing the tender

Adjusting the tender in cooperation
with the building owner

Publishing the tender

Comparing the bids

Selecting the “best” bids/Putting
together a design team

Discussing the bids with the building
owner

Assigning the duties
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CHECKLIST

TO ANALYSE A BID

After having launched a call for tenders the bids will arrive and they have to be analyzed in a
proper way to find out whether they correspond on what the building owner wants. For the
analysis of the bids a checklist has been developed.
Description

Is time estimated for a
survey of the site?

With a first survey the bidder gets an idea of the
site. The orientation, shading objects like other
buildings, trees or mountains have a big
influence on the energy need of a building and
the useable equipment. Architecture and
implemented technologies can vary significantly.
If the bidder knows these issues he can plan a
building which will work under these certain
conditions.

Is a time plan developed and
are regular meetings
included?

During regular meetings participants discuss the
progress, problems and solutions they worked
out. These meetings are very helpful to figure
out difficulties regarding issues of different
technical, economic and legislative nature and to
discuss how to solve them – always having the
common goal in mind.

Is it planned to include
additional professions in the
meetings?

One single person can’t be an expert in all fields.
If it is planned to integrate other professions the
bidder is aware of and respects this fact and he
is likely to involve experts to guarantee a high
quality of the result.

E.g. architects, daylight planners, HVAC
designers, energy consultants, experts
for building ecology and building
physics, experts for structural
engineering, etc.

Is a start meeting with all
participating parties
planned?

At a start meeting the involved parties get to
know each other and get a common
understanding of the project and its goals.

Are references mentioned?

If references are mentioned, the bidder wants to
show his successful projects to underline his
qualities. If there are no references mentioned in
the bid or in an interview, there may not be
enough experience.

Is there information about
reference cases?

Further information about the reference cases
helps to assess his activities.

Yes?
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Description
Are the references similar to
your planned building?

Every building category has its specific
requirements. Therefore it is advantageous if the
examples equal your project. The bidder wants
to show that he is experienced in that field an he
is likely to meet your requirements.

Are contact persons for
reference cases mentioned?

If the bidder added contact persons for the
reference cases, he gives you the opportunity to
talk to his customers and get more and different
information from them.

Is a BlowerDoor test
planned?

The BlowerDoor test is a quality ensuring tool. If
it is offered or recommended in the bid, the
bidder is interested in ensuring the quality of the
workmanship.

A BlowerDoor test is a differential
pressure method to measure the
tightness of a building.

Is a Thermography
measurement planned?
A Thermography measurement is a
procedure to check the thermal
weakness of a building.

Is there evidence of his
Know-How?
E.g. certificates

Yes?

The Thermography measurement is also a
quality ensuring tool. If it is offered or
recommended in the bid, the bidder is interested
in ensuring the quality of the workmanship.
If the bidder attended several relevant courses it
shows that he wants to be up to date to be able
to offer his customer the best suitable solution.

Are companies considered
which are close to the
planned building?

In order to minimise transport ways and to
optimise availability, companies located near the
planned building should be preferred, but the
quality of work should be more decisive than the
distance.

Is it mentioned to use
regionally available
resources?

Using regionally available resources minimises
the transportation ways, save the environment
and strengthen the added value.

Are simulations
recommended?

Different programs allow to simulate the
behaviour of a building and analyse effects,
advantages and disadvantages of different
solutions. So the building, its equipment, the
energy consumption, the user satisfaction, etc.
can be planned very exactly when undertaking
simulations.
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Description
Is the bidder offering
innovative strategies and
technologies?
E.g. passive cooling technologies,
innovative façade concepts, use of solar
energy, heat pumps, wood pellets, etc

Yes?

If the bidder is offering these innovative
approaches and he has experience with them it
shows, that he is up to date and he is interested
in keeping the running costs of a building as low
as possible and keeping the user satisfaction as
high as possible at the same time.

Does the bidder refuse air
conditioning systems?

If he is tending to avoid active air conditioning
systems it shows that he wants to avoid
unnecessary cooling demand.

Does the user/building owner
have enough influence
capability?

The user/building owner should have influence
capability. A good planner knows that the user’s
satisfaction depends on the extent to which his
needs and wishes are considered.

Did the bidder inform you
about energy management?

To keep the running costs of a building as low as
possible it is important to watch the energy
consumptions to analyse it and to react. An
energy management system includes all these
actions.

Does the bidder consider
training courses for users in
order to ensure right
operation of the building?

Users of a building have a big influence on the
buildings energy performance. They have to be
informed accurately about the building, the
technology and how to operate it.
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CHECKLIST

TO ANALYSE THE FIRST INTERVIEW

After having analyzed the offers some selected planners will be invited for interviews. Also for
the analysis of the interviews some crucial requirements should be observed. The best way for
this is the evaluation of the interviews with a checklist which also can help to structure the
interview itself in the run-up.
Description
Did the bidder take enough
time to inform you and to
answer your questions?

If the bidder took enough time to answer your
questions, he is interested in your
requirements and doesn’t only want to realise
his concept.

Does the bidder inform you
about risks?

If this information is given, you know about
the risks and eventually arising costs in
advance and he gives you the chance to
react early in case.

E.g. time adjustments, useful
insurances, etc.

Does the bidder take the use
of the building into
consideration?

The major task of the building is to meet the
requirements of the user and the building
owner. A building is well planned, if these
requirements are one of the main points of
interest.

Is the bidder interested in
energy targets?

If the bidder is often arguing with resulting
energy savings or stating problems with
consumption of specific solutions, he is likely
to consider this issue also in further phases.

Does the bidder have own
recommendations?

If parts of a concept already exist and the
bidder is advertent and has ideas to improve
the concept to lower the energy consumption
he is likely to consider this issue in further
phases.

E.g. changes to the site, changes to
existing plans, further ideas etc.

Yes?
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CONCLUSIONS
KEEP COOL

FROM

THE

PROJECT

Based on the findings of the first Keep Cool project in the second one there were elaborated
technical and organisational support to facilitate the realisation of a building with comfortable
summer conditions by consuming less energy as comparable ones in summer and winter. For
the first time some benchmarks for calculating sustainable summer comfort were developed and
also guidelines especially for the target group public bodies had been carried out. All project
results are available on the home pages of the project: www.izes.de and www.keep-cool.eu .
On the IZES homepage some deliverables and comprehensive statements are also available in
German.
In total the project contributed a lot to integrate sustainable summer comfort also in national
legislation and in the amendments for the National Energy Efficiency Plans.
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