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Abstract: The severe summer climate, the actual trends in building design (imported from northern 

latitudes) and the rising living standard in Mediterranean countries have promoted a massive and 

unnecessary use of air conditioning systems.  This creates considerable problems at peak load times, 

increasing the cost of electricity and disrupting the energy balance in those countries. Consequently, 

the energy consumption for cooling of new and existing buildings will become a serious problem in the 

near future. 

 

For southern European countries, the Directive 2002/91/EC (1) on the energy performance of 

buildings (EPBD) states that priority should be given to strategies which enhance the thermal 

performance of buildings during the summer period and suggest the development of passive cooling 

techniques. 

 

However, the actual level of transposition of the EPBD to those countries shows a lack of awareness 

of the above mentioned problem and once again only minor corrections (typically in terms of solar 

control) have been introduced. 

 

The paper discuss the major elements that should be integrated in the energy performance regulation 

and certification schemes in order to guarantee significant energy savings and the promotion of low 

energy buildings adapted to Mediterranean climatic conditions and construction practices. 

 



1. INTRODUCTION: THE ENERGY SAVING IN BUILDINGS 

In order to reduce the energy consumption and the CO2 emissions of buildings, the EPBD 
proposes implicitly three types of actions:   

 
a.      Stricter regulations (via the minimum requirements; article 5) 
b.      A pilot sector with low energy buildings (via the energy certificate; article 7) 
c.      Strong retrofit of existing buildings (via the energy certificate and the inspection  of boiler 

and air-conditioning systems; articles 7, 8 and 9 respectively) 
 
Typically, the energy certificate will compare the quality of the buildings through energy classes 

ranking from A (very energy efficient) to G (not energy efficient). 
A major challenge should be to be able to promote the existence of cost efficient low energy 

buildings (class A) which do not differ significantly from current buildings in terms of aesthetics, 
layout or construction techniques. They will be therefore well accepted by users and attractive for 
developers. 

The energy consumption of a class A building is in principle climatically and country dependent 
but, as an order of magnitude it should be, at least, 50% lower than the same building type fulfilling 
strictly the local standards (existing regulation). 

The reduction of the energy consumption of buildings can be achieved with a combination of: 
• Low energy requirements 
• High energy efficiency of the heating and cooling systems. 
• The use of alternative (renewable) energy sources. 
 
The energy requirements for heating and cooling purposes, depends on the climate, building 

sitting, envelope and operational conditions.  
At its turn, the role of the envelope appears mainly in three aspects: 

• Shape of the building (compactness) 
• Orientation and glazing percentage of the different facades 
• Construction characteristics of the elements of the envelope 
 
The rules for an energy conscious design of the building envelope are merely: 
In winter: minimize losses and maximize free (solar) gains 
In summer: minimize gains and maximize free losses.   
Hereinafter, the paper will focus on the residential sector where the building design plays the 

dominant role.   
 

2. CHARACTERISTICS OF THE HEATING AND COOLING REQUIREMENTS OF 
BUILDINGS IN MEDITERRANEAN CLIMATES. 

Figure 1 shows the typical values of the energy demand for heating and cooling of new single 
family dwellings built according to the new Spanish regulation. The results are displayed for the 
capitals of the 50 provinces and cover the expected climatic range of Spain.   In black appear the 
Mediterranean locations (in the coast or less than 100km inland). 

It can be seen that the heating and cooling demands of buildings in locations of Mediterranean 
climate exhibit a common pattern which basically reflects low heating demands and significant 
cooling demands, often a ratio cooling/heating close to the unity. 

The situation is qualitative similar in other countries independent of their national standards. For 
example, figure 2 shows a comparison between the Spanish (triangles) and the French (circles) 
regulations (2,3) in a certain building (in the figure) placed in 7 Mediterranean locations. The 
buildings in the 7 locations have been supposed to fulfil alternatively both regulations.  
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Figure 1.- Average heating and cooling demand of low-rise residential buildings in Spain 
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Figure 2.- Comparison between the Spanish and the French regulation  

In synthesis, the French building regulation is stricter than the Spanish building regulation for 
heating and cooling purposes. At the same time, it could be demonstrated that the French 
Mediterranean locations present the minimum heating demands of the country and non-negligible 
cooling demands that can lead to the use of air-conditioning. 

3. THE MEDITERRANEAN CLIMATE IN THE EPBD 

References about peculiarities of the Mediterranean climate can be seen implicitly or explicitly in 
different parts of the directive. 
 



The clearest mention appears in the preamble (recital 18): “Recent years have seen a rise in the 

number of air-conditioning systems in southern European countries. This creates considerable 

problems at peak load times, increasing the cost of electricity and disrupting the energy balance in 

those countries. Priority should be given to strategies which enhance the thermal performance of 

buildings during the summer period. To this end there should be further development of passive 

cooling techniques, primarily those that improve indoor climatic conditions and the microclimate 

around buildings”. 
 

Other indirect mentions that will be analysed in this paper are: 
 

Recital 10:  “The energy performance of buildings should be calculated on the basis of a 

methodology, which may be differentiated at regional level,  that includes, in addition to thermal 

insulation other factors that play an increasingly important role such as heating and air-conditioning 

installations, application of renewable energy sources and design of the building…” 
 

Recital 12 “Buildings will have an impact on long-term energy consumption and new buildings 

should therefore meet minimum energy performance requirements tailored to the local climate. Best 

practice should in this respect be geared to the optimum use of factors relevant to enhancing energy 

performance. As the application of alternative energy supply systems is generally not explored to its 

full potential, the technical, environmental and economic feasibility of alternative energy supply 

systems should be considered..” 
 

Recital 22: “Provision should be made for the possibility of rapidly adapting the methodology of 

calculation…” 
 

At present, the reaction of most of Member States is to pay attention to the articles of the directive 
and disregard the recitals of the preamble, that is, to forget about which is the “mind” of the Directive 
drafters but not legally binding. This is particularly important for the development of energy efficient 
buildings in Mediterranean areas. 

4. WAYS OF EXPRESSING THE MINIMUM REQUIREMENTS FOR BUILDINGS IN THE 
FRAMEWORK OF THE EPBD: THE WRONG MESSAGE  

The trend for establishing the minimum requirements according to article 5 of the EPBD (4) 
consists basically in demonstrate that the proposed building has lower values of certain energy 
performance indicators (heating and cooling needs, primary energy, etc) than those corresponding to a 
notional building built according to reference values of the quality of its envelope, the efficiency of its 
heating and cooling systems and a certain use of renewable energy sources. 

The quality of the envelope of the notional building is expressed in terms of the U values of roofs, 
walls, windows etc. These values are sometimes dependent on the climatic zone and the use of the 
building.  

In some cases, apart from the use of the notional building, complementary limitations of the 
maximum permissible energy are used, typically dependent on the building form factor. 

In order to limit the cooling needs (or the limitation of the risk of overheating) the proposed or the 
notional building incorporate aspects such as: a limitation in the glazing surface (Greece), a limitation 
of the solar gains depending (Portugal) or not (Spain) on the building’s inertia and in some cases 
(Italy) some independent requirements about the inertia in terms of wall mass required per unit 
surface.  

The easiest way of fulfil the minimum requirements is simply to follow the specification of the 
notional building. 

The author of the paper has not special concerns in relation to that way of expressing the 
minimum requirements of the buildings. On the contrary, this way can be useful and suitable to fix the 
energy consumption or the CO2 emissions of average new buildings built without special 
considerations about energy conservation, sustainable architecture or other related issues. 



The problem arises when the goal is to build a low energy building, because it could be inferred 
that the best approach to get a low energy building is directly to apply stricter values of the different 
parameters used to define the notional one.    

The wrong message is then: a low energy building is the one able to reduce the heat losses to a 
minimum and control the solar radiation, with high levels of insulation, small windows and a compact 
building shell. 

In many cases and particularly for Mediterranean climates, the above position is false because 
sometimes there are contradictory effects between heating and cooling and in most of cases other more 
cost effective alternatives that can be explored with an equivalent or better result in terms of energy 
efficiency.   

5. INCREASING THE INSULATION LEVEL 

A very often contradictory strategy for heating and cooling purposes is the indiscriminate increase 
of the insulation level of opaque and semitransparent elements of the building shell. 

Although this increase is always beneficial for heating, in many cases, it is sometimes neutral or 
even has a negative effect on the cooling demand. 

The explanation is simple; being the average outdoor temperature during the summer regime 
lower than the indoor set-point temperature in most of Mediterranean locations, the fact of increasing 
the insulation level of the building blocks the possibility of dissipating to the outdoor air the heat from 
solar and internal gains. Figure 3 shows the daily average temperature of Granada for the typical 
meteorological year. The heating and cooling seasons as well as the indoor set-point temperatures 
during such periods are also displayed in the figure. 
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Figure 3.- Daily outdoor average temperatures in Granada 

It can be seen that the average outdoor temperature during summertime is clearly below 25ºC 
which means that for instance reducing the U values of windows will imply a reduction of the heat 
losses in that period. 

For the opaque elements, for which the effect of the absorbed solar radiation has to be added, we 
conclude that for vertical walls increasing the insulation level is neutral and the only exception is the 
roof due to the high values of solar radiation. 

For the floor, adding extra insulation causes higher cooling demands due to the avoidance of earth 
coupling (5). 



Consequently, when the effect on the heating and cooling demands is considered together, there is 
in Mediterranean regions a limit on the insulation level required in walls, glazing and floor. Beyond 
this limit the extra insulation added does not produce cost effective results. This limit is lower than 
that obtained when only the heating regime is taken into consideration.  

6. COMPACT BUILDINGS 

It is commonly assumed that the heat transfer area of the building facades must be reduced to a 
minimum. There are, however, situations in Mediterranean climates for which the global contribution 
of some elements of the envelope is not negative to the energy requirements of a building. In such 
cases, increasing the heat transfer area (low compact buildings) is recommendable. 

As a matter of example, we will examine the case of the contribution to the heating demand of a 
glazing. It is well known that the contribution of a glazing includes two terms:: 
 

• The term due to the temperature difference indoor – outdoor, which is written as: 
(negative term) 

)·(Q I outdoorindoor TTU −=  (1) 

where: 
U .- U value of the glazing 
Tindoor.- Indoor air temperature 
Toutdoor.- Outdoor air temperature 

 
• The term due to the effect of the solar radiation, characterized as: 

(positive term) 

ηgIQII =  (2) 

where: 
g.- solar factor of the glazing 
I.- Solar radiation incident upon the glazing 
η .- utilisation factor of the solar gains 

 
As the two expressions above have different sign, the sign of the result will depend, for a certain 

location, on the orientation of the glazing. 
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Figure 4.-  Net contribution of a double glazing in Seville. 



Figure 4 shows the case of a double glazing (U = 3.5 W/m2 K, g = 0.76) placed in different 
orientations in Seville. The overall contribution (QI + QII) has been evaluated for the months of 
December, January and February that form the winter season in this location.    

As the values of the utilisation factor are typically above 0.5, it can be concluded that for glazing 
oriented from southwest to southeast the overall contribution to the heating demand is negative. These 
negative values of the glazing will compensate in many cases the contribution of the opaque 
component of the façade (external walls) and the infiltration loads. 

Consequently, it is possible to design low energy buildings for heating in Mediterranean climates 
using building shells with large heat transfer area indoor-outdoor for a wide range of orientations and 
window to wall ratios. Although it is a common practice to increase the insulation level of the glazing 
as the window area increases, this practice does not apply for facades oriented at or near the South. 

To avoid overheating risks (in cases when the inertia is not able to modulate the indoor 
temperatures), the excess of heat can always be transferred to the northern part of the building using 
fan and duct systems. 

The situation described is also very suitable for the summer regime as the solar control is easily 
achieved in those orientations using facade obstructions (overhangs) and shading devices. Larger 
glazing percentages contribute to dissipate heat gains and favour an adequate design of  night 
ventilation strategies. 

It can be concluded that the use of compact building shells is not a cost effective design practice 
for low energy purposes in many Mediterranean locations. 

7. DIRECT GAIN AND THE INERTIA OF THE BUILDING 

Very often, we find situations in Mediterranean locations of spaces with south facing facades in 
which the ratio gross gains to losses is close or bigger to 1.  

A key issue is the extent in which we use the free solar gains (the utilisation factor) which is 
strongly dependent on the inertia of the space. 

Figures 5a shows the conventional representation of the utilisation factor of the heat gains as a 
function of the inertia (tau) and the gains lo losses ratio (gamma).Figure 5b represents the increase of 
the utilisation factor as the inertia increases. 
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Figure 5.aThe utilisation factor of the solar gains 
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Figure 5.b Increase of the utilisation factor when the inertia of the building increases 

It can be seen that the effect of increasing the inertia of the space is particularly relevant when the 
gains to losses ratio is close to the unity. 

Typically, the inertia of a space is obtained from the inertia of the elements of such space without 
discrimination of their actual position. It can be demonstrated however (6) than the inertia of every 
element contributes to the overall inertia in directly proportional way to the fraction of solar radiation 
absorbed by such element. That is, if an element of heavy inertia does not absorb solar radiation, its 
contribution to the overall inertia of the space is negligible. 

As the solar radiation is mainly absorbed in the floor, the furniture, and the internal partitions 
emphasis must be paid on such elements. To a much lower extent the inertia of the external walls or 
the ceiling will contribute to a better use of the free solar gains.  

From the practical point of view, it is clear hat the calculation methods used to evaluate properly 
the effect of the inertia in direct gain systems (a key issue in Mediterranean climate) must take into 
account the detailed redistribution of the solar radiation within the spaces. Consequently, monthly or 
seasonal based methods are not applicable in its actual form. 

8. NIGHT VENTILATION 

A very powerful well known strategy to reduce the cooling demands of buildings is to use the low 
outdoor air temperatures during the night to cool either the indoor air (when the spaces air occupied 
during the night such as the bed rooms) or the structures of the building (for the other spaces of the 
building non occupied during the night). 

In both cases, it can be proved that the night-time outdoor air climatic conditions of many 
Mediterranean locations allow a significant compensation of the day-time heat gains (mainly solar). 

If we concentrate on spaces other than bed rooms, the major concern, as in the case of free solar 
gains in winter period, is the ability of the building inertia to store cool during the night and to use 
during the day the coolness produced during the previous night. The role of the inertia appears then 
twice, linked to this strategy. 

The first part can be characterized by means of the storage efficiency (7,8) and the second part by 
an utilisation factor of the losses that plays a similar role to the utilisation factor of the gains 
mentioned in section 7. 

The storage efficiency depends not only of the thermal masses of the elements themselves but 
mainly on the air flow rates, the air flow patterns and the relative position of the thermal mass. 

Figure 6 shows 7 different configurations of the flow patterns for a given space corresponding to 
different combinations of inlets and outlets. 

Assuming a constant amount of thermal mass and the same air flow rate for the seven 
configurations, the relative results in terms of the storage efficiency are respectively(tesis de jose 
manuel)  0.93, 1., 0.88, 0.62, 0.66, 0.76, 0.43. These values (for instance compare the results for the 
configurations 2 and 7) reveal how different can be the efficiency of a night ventilation strategy 
depending of the flow pattern adopted. Moreover if we compare, for a given configuration such as 



configuration 1 the relative contribution to the four elements involved (numbered 1, 2, 3 and 4 in the 
figure) we get the following values: 1., 0.93, 0.73 and 0.66 respectively. These results prove, as in the 
case, of the free heat gains, how different is the role of the inertia of the different elements depending 
on their situation in the space. 

The physical reason that justifies the different performance achieved is the nature of the 
excitation for the different walls, in terms of the actual air velocity and air temperature near every 
wall. 

From the practical point of view, it appears than the calculation methods should be adapted to 
consider these effects (changing convective heat transfer coefficients and assuming non-isothermal 
conditions inside the zones), usually neglected for more conventional situations. 
 

 

Figure 6- Different air flow patterns considered. 

9. NATURAL COOLING TECHNIQUES AND IMPROVING MICROCLIMATE AROUND 
BUILDINGS 

Even though it is explicitly recognised (recital 18) the role of these issues for the energy 
efficiency of buildings in Mediterranean climates, little or no effort at all has been paid to integrate 
them into the regulation and certification schemes linked to the directive. 

Many examples can be given (9, 10, 11) about their positive influence in zones with mild winters 
and warm or hot summer, so common in Mediterranean countries. 

To illustrate this, we present the effect of the urban layout and then role of the vegetation in the 
new urban enlargement of the village of Vallecas, near Madrid. The study was performed in the frame 
of the Altener project GREENCODE (Contract Nº: XVII / 4.1030 / Z / 98 – 172). 

Figure 7 shows the effect on the cooling demand through the elements of the building façade of 
four situations: 

1-1.- Street orientation North/South no trees  
1-2.- Street orientation Northeast/Southwest no trees  
1-2-a Same as 1-2 but with trees on the pavement 
1-2-b Same as 1-2 but with trees on the central boulevard 
1-2-c Same as 1-2 but with trees on both places 
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Figure 7.- Modification of the cooling load due to street orientation and the presence of vegetation 

It can be seen the significant energy savings for cooling linked to the modification of the 
surrounding environment of the building. It should be emphasized that the energy efficiency of actions 
regarding the microclimate affect simultaneously to a large number of buildings. 

The treatment of natural cooling techniques and the effect of microclimate are not incorporated in 
the existing or proposed calculation procedures and this fact constitutes the major barrier for their 
actual consideration implementation. Overcome this barrier must be a first priority in the near future. 

10. CONCLUSIONS AND PROPOSAL OF ACTIONS 

The existence of simultaneous heating and cooling needs is a common issue in buildings placed 
in Mediterranean climates.  

Average buildings that fulfil the minimum energy consumption requirements of the new building 
regulations could be based on the conventional energy saving concepts, such as insulation levels, solar 
control etc. 

The climatic conditions in the Mediterranean area (high availability of solar radiation in winter 
and low nigh-time outdoor air temperatures in summer) promote the existence of low energy buildings 
which do not differ significantly from current buildings. 

More than the increase of the insulation level of the elements of the envelope, the energy 
efficiency in buildings of Mediterranean climates should be based on an appropriate design of the 
building shape, orientation and window to wall ratio of the different façades. 

The inertia of the buildings plays a relevant role in the energy performance of Mediterranean 
buildings for optimum use of both free solar gains and night ventilation. However, the way of dealing 
with the inertia must be carefully revised. Moreover, a wise use of the inertia is not only matter of the 
building shell but also of the internal partitions of the building. 

Calculation tools for regulation and certification purposes must be adapted to deal with a more 
detailed characterization of the effect of the inertia for heating and cooling. Natural cooling and 
microclimate are issues that must be formally incorporated to those calculation tools.     

Studies must be conducted to develop packages of robust solutions that guarantee a good low 
energy cost-effective building adapted to every particular case.  An example of that is the on-going 
EIE project Passive-on (www.passive-on.org) that intends to examine how to take forward the Passive 
House concept (www.passivehouse.com)  especially in Southern Europe.  Complementary studies 
could be prepared for other building-types.  
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