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chemical energy is the energy contained in the chemical bonds be-
tween the atoms and molecules in a substance. energy is released in exo-
thermic reactions, and must be supplied in endothermic reactions in order 
for the reaction to occur. a common endothermic reaction is photosynthe-
sis; a common exothermic reaction is the combustion of a hydrocarbon 
fuel (fig. 1.12). you will notice the mirror symmetry in these two equations. 
The burning of wood can be seen as the reverse process of its creation. 
wood has an energy content of approximately 15 mj/kg and a density of 
approx. 700 kg/m3. if we were to fill up the swimming pool on the rooftop 
of the tower considered above with wood, we could store approximately 
1458 mwh of chemical energy. assuming an efficiency of 90 %, we could 
combust the wood in a boiler and provide 1300 mwh of thermal energy for 
use in the building. This equates to approximately 13 kwh per m² office 
area which could meet roughly 50 % of the annual heating energy demand 
of a low energy office building in central europe.

The energy released by the above chemical reaction is in the form of 
heat, a very common form of energy that flows as a result of temperature 
difference. The energy in a hot object is thermal energy which is a result 
of the kinetic energy of the atoms and molecules in the object. all other 
energy forms are eventually transformed into thermal energy. if we fill the 
swimming pool mentioned above with water from the city supply network 
at a temperature of 10 °C and heat it up to 30 °C, the energy required to 
do this is given by the formula for thermal energy in fig. 1.9. The specific 
heat capacity of water is approximately 4200 j/kg°C, i.e. 4200 j of thermal 
energy are required to raise the temperature of 1 kg of water by 1 °C, and 
so we will require 42 gj to heat the water by the required amount. To heat 

fig. 1.12
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fig. 1.12 
Chemical energy

the water to 100 °C we would need to supply a further 147 gj. if we were to 
continue to supply heat to the water after that, it would remain at 100 °C 
and start to boil. a further 1130 gj of heat can be added in a process dur-
ing which the water temperature remains constant but the water changes 
phase or state from a liquid to a vapor (steam). This energy is called latent 
heat energy and is the thermal energy released or added in a process dur-
ing which a substance changes state. we will discuss these energy forms – 
as well as other forms such as electrical energy and nuclear energy – in 
more detail in the next chapter.

Up to now we have talked about the energy problem. it is important, 
however, to realize that energy cannot be consumed and therefore there 
is, in a physical sense, no energy problem. energy is in fact conserved and 
can be neither created nor destroyed (according to the theory of special 
relativity, it is actually mass-energy which is conserved; however in all 
practical cases, excepting the use of nuclear energy, the change in mass 
is negligible and therefore mass and energy are taken to be independently 
conserved). energy can however be transformed from one form to another 
and every physical process on earth in which energy is transformed leads 
to an increase in entropy, which is a measure of disorder in our universe. 
This amounts to a continual reduction in the quality of energy resources 
and flows available to us. This is what we call the “energy problem”, al-
though “entropy problem” would be a much more exact description of the 
situation. This seemingly semantic issue has far-reaching practical conse-
quences, and the lack of understanding of these basic scientific principles 
leads to misunderstandings and misguided developments in our society.

as we shall see in the next chapter, heat cannot be completely 
transformed into work and for this reason, real physical processes are not 
reversible. one important consequence of this is that the various forms of 
energy available to us in a given situation – e.g., chemical, thermal, electri-
cal etc. – have different qualities. as an example, in a building design con-
text the quality of energy available in one unit of electricity is much greater 
than that that available in one unit of the thermal energy associated with 
hot water in a heating system. Therefore, when comparing energy flows in 
various options, the quality and not just the quantity of energy needs to be 
considered. in a building, a unit of electrical energy can be used to power 
the motors needed to transport people in elevators, move water in pipes 
or air in ducts, or provide energy for artificial lighting; whereas hot water 
at 45 °C can be used to provide space heating or to take a shower but for 
little else. a unit of electricity can be converted entirely to thermal energy, 
whereas a negligible fraction of a unit of thermal energy at that tempera-
ture could be theoretically converted to electricity. it is therefore important 
to differentiate between thermal and electrical energy use in the analysis 
of energy use in buildings. Consider the following: the heat produced by 
200 students in a lecture theatre for a period of 2 hours is approximately 
145 mj. The heat required for a warm shower is approx. 7 mj. yet even if 
we could completely capture the thermal energy in the lecture theatre, we 
cannot use this energy to provide enough warm water for even one shower. 
we will see why in the next chapter.

it is important to differentiate between primary, secondary, final 
and useful energy use. Primary energy use is the direct use of an energy 
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round solar radiation, evaporation of moisture from the masses of water 
leads to high humidity and precipitation. Temperatures are not as high as 
in the subtropical zone due to frequent cloud cover. There are no seasons, 
high rainfall all year round and both temperature and humidity are consis-
tently high with little variation between day and night. The climate could be 
considered perfect for vegetation and plants. it is however, less suitable for 
humans as the heat loss by evaporation necessary for the human body to 
achieve thermal comfort at high air temperatures is severely restricted by 
the humidity levels. Traditional building structures were designed to pro-
vide ample amounts of natural ventilation to cool the human body directly 
via air movement.

in the subtropical zone, between 23.5° and roughly 40° on both 
hemispheres, solar radiation and temperatures reach their peak. in the 
summer period, solar radiation is almost perpendicular to the earth’s sur-
face and due to the global wind patterns described above, the air is dry 
and there is little cloud cover. near the coast (e.g. dubai), summers are 
hot and humid, in desert zones further inland (e.g. riyadh) hot and dry. in 
desert areas, the diurnal variation in temperature is high due to high solar 
radiation and long wave radiation at nighttime to the clear night sky. Tra-
ditional architecture in areas with hot dry climate conditions used evapo-
rative cooling and nighttime ventilation combined with thermal mass. The 
winters are milder and cooler than in the tropics.

at latitudes greater than about 60° north and south, the cold zone 
receives less solar radiation at low angles with very short winter and very 
long summer days. The extreme conditions in winter result in a harsh and 
challenging environment for vegetation, animals and humans.

fig. 3.16
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fig. 3.16  
Climate zones of the world

The temperate zone at the mid latitudes between 40° and 60° has 
the most diverse range of different climatic sub-regions. Common to most 
is the existence of four distinct seasons. The mediterranean climate with 
hot dry summers and rainy mild winters (e.g. athens) is often thought to 
represent the ideal climate for humans and indeed little besides some 
form of shade from the sun is necessary to allow human survival in this cli-
mate. However, against the background of how we live and work today, this 
climate is perhaps less ideal. in traditional architecture, thermal mass and 
shading were employed to cope with the hot sunny summer conditions.

inland areas, far away from large bodies of water experience a so-
called continental climate, characterized by large fluctuations in temper-
ature between winter and summer and also between day and night. Tra-
ditional buildings in many areas used timber construction, in which the 
cavities were filled with mud and straw to achieve a degree of thermal 
insulation against the cold winters.

in coastal regions, further away from the equator (e.g. dublin), the 
oceans have a moderating effect on temperature due to their high thermal 
capacity compared to land masses. fluctuations between winter and sum-
mer and between day and night are much less pronounced than in inland 
regions. These humid, cool and often windy regions with mild weather all 
year round do not at first sight appear ideal for humans, and necessitated 
the construction of sheltered accommodation from the outset of human 
settlement. However, for people in the twentyfirst century, who spend 
the majority of their time indoors, this mild climate is arguably ideal in 
terms of energy. Traditional buildings used straw thatched roofs to protect 
against wind and weather.

in mountainous regions such as the alpine area in central europe, 
altitude influences climate (with a drop in temperature of approx. 10 °C for 
every 1000 m altitude), so that temperatures are significantly lower than 
in regions at sea level at the same latitude despite higher levels of solar 
radiation. precipitation is often in the form of snow.

we will now look at the external climatic conditions for four cities:
 • Berlin (temperate, continental)
 • san francisco (subtropical/temperate, coastal)
 • abu dhabi (subtropical/desert, coastal)
 • singapore (tropical)
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fig. 6.12
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fig. 6.11  
Braun HQ, office interior

fig. 6.12  
Braun HQ, atrium façade 
to atrium

fig. 6.13  
Braun HQ, energy concept

orientation but otherwise there are no individual room controls. The exter-
nal zone up to approximately 5 m from the façade is naturally ventilated. 
The internal zone is ventilated via a displacement ventilation system. The 
thermal inertia of the exposed slabs, the high performance of the building 
skin and the possibility of natural ventilation via operable windows make 
more complicated controls superfluous. The fact that a fully glazed office 
building can be conditioned with such minimal climate control systems is 
attributable to the high thermal performance of the building skin (fig. 6.11).

The additional external skin is wrapped around the entire building. 
on the external façades, horizontal separations are provided in the cav-
ity at each floor level and vertical separations for each 1.35 m wide façade 
planning module. each module has an external window which is automati-
cally controlled and a narrow, vertically aligned opaque element in the in-
side skin which is manually operated for ventilation (see chapter three). 
The shading device is located in the cavity. in the middle of the U-formed 
building plan, a central atrium is formed with a pTfe foil cushion roof con-
struction, which provides the second skin for the office façades facing into 
the atrium (fig. 6.12). The atrium is an unheated buffer zone. in summer, 
its roof can be completely opened to allow unwanted heat to escape. Un-
derground concrete ducts integrated into the building foundations supply 
tempered fresh air to the atrium and from there via operable windows to 
the offices (fig. 6.13). The outer skin of the building is automatically con-
trolled via the building management system. The outer layer is opened 
according to external conditions and the solar control blinds in the façade 
cavity are automatically adjusted depending on the degree of incident solar 
radiation. artificial lighting is controlled to match external light intensity. 
all settings can be overridden at any time by the users. The high perfor-
mance of the building envelope means that the ceiling temperature does 
not have to be higher than approx. 27 °C or lower than approx. 20 °C. The 

fig. 6.13
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with typical internal conditions and external design conditions for a loca-
tion such as seoul or new york City. The external conditions vary during 
the course of the day and more so over the course of a year. The internal 
conditions considered comfortable for human occupation are, as we have 
seen, more or less constant. However, due to the fact that we occupy and 
use buildings in a dynamic way, coming and going, changing our activ-
ity etc., the internal side of the interface also includes a highly dynamic 
component. we would expect, therefore, that for a building skin to be ef-
fective in energy design terms, the skin as interface should reflect the dy-
namic worlds on both sides of the interface. if we look around us, however, 
whether in manhattan, moscow, Berlin or Hong kong we see static sur-
faces of stone, concrete and glass: building envelopes which remain unre-
sponsive and unchanging, totally oblivious to whether it is -20 °C and dark 
or 35 °C and sunny outside. This passive behavior of conventional building 
envelopes leads inevitably to increased activity of the building HvaC sys-
tems in order to achieve thermal comfort.

Building skins should be active and dynamic. They should act as 
a filter, selecting, mediating and modulating between inside and outside 
and not only providing protection against the elements. The fact that they 
for the most part do not has of course to do with cost and complexity, but 
also perhaps with certain architectural dreams we are still chasing. The 
famous unbuilt glass skyscrapers mies van der rohe designed in the 1920s 
come to mind. sometimes, the buildings which were not built are more im-
portant than those which were. if we look around at contemporary archi-
tecture, the static unchanging envelopes make this apparent. on the other 
hand, if we look back to buildings from past centuries, we see building en-
velopes which evolved to include many elements which react to sun, light, 
privacy, temperature – “adaptable skins” (fig. 6.71). in a research project, 
we studied the possibility of reinterpreting this type of adaptability using 
the technology available today. This research forms the scientific basis for 

fig. 6.71
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fig. 6.71  
Building façade in venice

fig. 6.72  
european Central Bank 
HQ, frankfurt

the development of a completely new approach to façade design. an adapt-
able and variable building skin could react and adapt to both internal and 
external conditions, effectively creating “space on demand”. one simple 
example would be movable, highly insulated elements which in a closed 
position form an air-tight connection with the primary building façade, and 
thus allow the transparent portion of the building skin to vary, for example, 
down to 0 % if the spaces behind the façade are not in use or if the use of 
the spaces at a given time does not require daylight.

some of the completed projects already described in this book in-
clude façades which incorporate elements of this conceptual idea of a 
“smart skin”. The designs of the Braun and fronius buildings described 
above include façades with a large degree of adaptability. architecturally, 
Braun undergoes an architectural metamorphism when conditions outside 
become warm and sunny, changing from a “miesien” glass box to a much 
more expressive architecture. The façade developed for the eCB also in-
corporates an array of devices which offer a high degree of selectivity and 
adaptability, including selective glass coatings, automatically controlled 
movable solar shading and elements specially developed to provide the 
natural ventilation of a high-rise building in a windy environment. yet, the 
building façade presents a monolithic homogenous exterior appearance, 
showing once again that similar energy design approaches can lead to dif-
ferent architectural expressions (fig. 6.72). This is not to say that the ener-
gy design concept does not affect the architecture, which it most certainly 
does, but that it does not lead to a monotonous architectural language in 
a deterministic way.

fig. 6.72


