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Abstract:
This paper argues that the understanding of
architecture again needs to be widened if the
architectural profession is to play an active role
in combating climate change. The paper therefore examines past, present and future challenges
for building energy consumption in Denmark as
the basis for developing a new paradigm for
zero-energy architecture.
There has been a radical transformation in building energy consumption over the last 30 years,
with an absolute reduction in heat consumption
and a rapid growth in electricity consumption,
reflecting wider technological and social transformations in the movement from an industrial
to a knowledge-based society. In new offices it is
shown that electricity consumption now dominates the total primary energy consumption, whilst
at the same time, climate change means that
rising temperatures will result in falling heat
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demand and increasing cooling demand in the
future.
With this background, a new paradigm for zeroenergy architecture is developed that reflects the
architectural design process. In this way, the
architectural focus early in the design process
on functional disposition, spatial quality and built
form can act as the driving force in the movement towards zero-energy architecture that has
good daylighting and indoor comfort, and is
adapted to future climate change.

Keywords:
Zero-energy architecture, Integrated energy
design, Climate change adaptation,
Office buildings, Knowledge-based society.
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INTRODUCTION
The challenge of climate change is perhaps
one of the most serious problems that the architectural profession and the construction
sector will face this century. Growing evidence
of the effects of greenhouse gas emissions on
the global climate mean that buildings must
have greatly reduced energy consumption and
be able to adapt to rising temperatures (IPCC,
2007).
Climate change is especially a serious challenge for the architectural profession in the
Nordic countries. In Denmark, architects are
educated in the beaux-art tradition, with the
Schools of Architecture being placed under the
Ministry of Culture. This means that artistic
concerns relating to design synthesis and spatial disposition play a major role in the profession, whilst an understanding of building
physics and engineering sciences has not been
seen as relevant. This obviously creates a
dilemma, since on the one hand architects
have strong artistic roots, where the core competence within the profession is perceived to be
a creative design process unhampered by
external pressures. On the other hand, the
need to adapt to climate change and greatly
reduce energy consumption implies that
unprecedented changes in building design and
function will be necessary over the coming
years, demanding a greater understanding of
building physics and science.
Just as in the 1930’s and 1950’s, where the definition of architecture was widened with a new
functionalism to include a social and political
dimension, and the architectural profession
played an important role in developing the welfare state’s housing policy (Nygaard, 1984;
Lund, 1993), the authors of this paper argue
that the understanding of architecture again
needs to be widened if the architectural profession is to play an active role in combating climate change. For the architectural profession,
not understanding the building physics that
form the basis of the energy and climate
debate equates to ceding an even larger portion of the construction process to other professionals, thus negating the profession’s wider
social responsibilities to clients and building
users.
Building energy consumption has been radically transformed in Denmark since the 1970's,
with a large fall in heating consumption and a
continuous rise in electricity consumption. In

new buildings it is the total electricity consumption that now dominates the primary
energy consumption, whilst heating has been
considerably reduced. At the same time, climate change scenarios show that cooling
demand will grow in buildings, whilst heat
demand can be expected to fall in the future.
The aim of this paper is therefore to develop a
new paradigm for zero-energy architecture
which learns from past changes in energy consumption, is based upon current social and
technological developments, and takes account
of future climate change scenarios. The paper
consists of four sections:
- The Past: Changes in energy consumption
since the first oil crisis in the 1970’s.
- The Present: An analysis of the total primary
energy consumption in new buildings.
- The Future: The consequences of future climate change on the energy consumption.
- Towards a New Paradigm: A strategy for
zero-energy architecture based on functionality, spatiality, materiality and technology.
This paper is focussed on administration and
office buildings, since this building typology
plays an important role in modern society,
reflecting the movement from an industrial
society to a knowledge-based society (Gann,
2000), and indicating that social and technological transformation can have a large
impact on energy consumption.
This paper has its roots in reflections and
experiences, from both research and practice,
regarding implementation in Denmark of the
European Union Energy Performance of
Buildings Directive. This was implemented in
the Danish Building Regulations in 2006 by
introducing a radically different methodology
for calculating building energy performance
with the Be06 software developed by the
Danish Building Research Institute.

THE PAST
To understand the nature of today’s building
energy consumption, it is necessary to have an
understanding of the historical developments
since the 1970’s oil crisis. Both the Danish
Statistics Agency and the Danish Energy
Agency have comprehensive statistical databases relating to the building and energy sectors stretching back to the 1970’s, which
means that it is possible to carry out a detailed
historical analysis of energy consumption.
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Total Office Stock
In the years 1975 to 2005 the total population in
Denmark has only grown by 7 %. However,
there has been a major change in employment
patterns, with a very large growth in the knowledge-based economy, especially within the IT,
consultancy and service sectors. These
changes are reflected in the total floor area of
the office stock, which has grown about 55 %
between 1975 and 2005. In the same period the
total heat consumption for office buildings has
only risen about 10 %, whilst the total electricity consumption has risen 160 %. These shifts
in energy consumption are illustrated in Figure
1. Despite the growing floor area, Denmark has
actually experienced very little growth in the
total heat energy consumption in the office
stock. This is because existing buildings have
been re-furbished, new energy efficient heating
systems have been installed, and newer offices
have been built to higher standards because of
changes in the Building Regulations (Energistyrelsen, 2007).
These changes stand in sharp contrast to the
growth in the total electricity consumption,
which stems from a large growth in IT-related
technologies. Apart from the large growth in
electricity consumption to computers and office
equipment, the knowledge-based economy has
resulted in new business models and work
processes with a focus on creativity, innovation
and change. This has transformed how office
buildings are used, best reflected by the New
Ways of Working (Rømer, 2001). Architecturally,
the consequence has been the design of very
deep building typologies with large glass

facades, large open office landscapes, and unlit
central service zones (Thau, 2001). Typically,
these buildings have a considerable demand
for artificial lighting, mechanical ventilation
and cooling.

New Build Offices
The tendency for falling heat consumption and
growing electricity consumption visible since
the 1970’s is also noticeable when looking at
the total energy consumption of new build
offices. This can be illustrated by looking at a
three-storey office building with a gross floor
area of 2.700 m2, a typology that reflects developments within Danish architectural traditions
over the last 30 years (Lund, 2001; Thau, 2001).
The analysis compares the historical data for
offices’ electricity consumption presented
above with the total heat consumption for new
build offices built in the years from 1975 to
2005, based on the Building Regulations from
1972 and onwards (Boligministeriet, 1972,
1977, 1995), where changes in thermal standards were introduced:
- The total heat consumption, as calculated by
the Be06 software, covers space heating and
domestic hot water. It is assumed to include
typical efficiency losses in the heating system
using district heating, and it is assumed that
the primary energy conversion factor is 1.0, as
prescribed by the new Danish energy regulations.
- The documented total electricity consumption, from Energistyrelsen (2007), covers office
equipment, lighting and building services. It is
assumed that the primary energy conversion

Figure 1:
Change in the Danish office stock’s
total space heating energy consumption, total electricity consumption and total floor area from
1975 to 2005 (1975 = 100 %).
References: Danmarks Statistik
(1976 – 1982); Danmarks Statistik
(2008); Dansk Ejendomsmæglerforening (2007); Energistyrelsen
(2007); Hartoft-Nielsen (1992);
Sadolin & Albæk (2006).
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Figure 2:
Change in Danish new build
office’s total heat consumption and
total electricity consumption
expressed as primary energy consumption per m2 floor area from
1975 to 2005.

factor is 2.5, as prescribed by the new Danish
energy regulations, and reflecting the large
energy loss in the mostly coal-based production of electricity in Denmark.
The results from this analysis are shown in
Figure 2, where it is possible to see the effect
of the last 30 years’ improvements in offices’
thermal performance. Whilst the total heat
consumption per unit floor area has been
reduced by 60 % in the years from 1975 to
2005, the total electricity consumption has
risen 55 % per unit floor area. The total electricity consumption, in terms of primary energy,
has actually been larger than the total heat
consumption for many years.
This analysis shows that the efforts to reduce
new offices’ space heating demand have been
very successful, but these savings have been
negated by a growing electricity consumption.
This growing electricity consumption can
therefore be seen as part of the wider transformation towards a knowledge-based society
which industrialised countries have experienced since the 1980’s, and where changing
perceptions about how buildings are used has
come to expression in the fast growth in the
use of electrical and electronic equipment
(Gann, 2000).

THE PRESENT
The European Union Energy Performance of
Buildings Directive (EPBD) sets the common
framework for energy savings in the construction and housing sectors (Official Journal of the

European Communities, 2003). In Denmark the
implementation of the EPBD was achieved by
introducing a new chapter on Energy
Consumption in the Building Regulations in
2006 (Erhvervs- og Byggestyrelsen, 2008), and
this fundamentally changed the methods used
to analyse energy consumption in today’s buildings. The new regulations are based on regulating several components of energy consumption, integrating renewable energy production
and expressing the total as primary energy:
- The new regulations for offices encompass
energy consumption to space heating, domestic hot water, lighting, mechanical cooling and
building services.
- Problems with overheating during the summer months are also regulated. The equivalent electricity consumption to eliminate temperatures over 26 OC with standard cooling
equipment must also be calculated.
- A building’s own renewable energy production, from both solar thermal and solar photovoltaic, is also taken account of in the new regulations.
There is also a consumption of energy associated with the production and distribution of different energy types. Data from the Danish
Energy Agency has therefore been used to calculate relevant primary energy factors for the
new energy regulations, where electricity consumption is multiplied by a factor of 2.5, whilst
district heating, gas and oil are multiplied by a
factor of 1.0. These primary energy factors are
broadly related to the CO2 emissions and energy costs related to the consumption of these
different energy types.
The new Danish energy regulations require that
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housing, at about 80 % of the total. Heat consumption (consisting of space heating and
domestic hot water) is only responsible for
about 20 %.
- About 50 % of the total primary energy consumption (consisting of space heating, domestic hot water, building services, overheating/cooling and lighting) is regulated by the
new energy regulations. The remaining 50 %,
covering electricity consumption to office
equipment, is not regulated.
- The electricity consumption for office equipment is the largest component at 50 % of the
total primary energy consumption, whilst space
heating is only 15 %.

Figure 3:
Total primary energy
consumption for current Danish
new build office expressed as
primary energy consumption per
m2 floor area.

a building’s primary energy consumption
meets or is below maximum energy consumption requirements. This calculation must be
carried out with the Be06 software, developed
by the Danish Building Research Institute. It is
based on relevant European standards or draft
European standards, and all calculations are
carried out on a steady-state monthly basis
(Aggerholm & Grau, 2005).
The new Danish regulations for offices do not
encompass the electricity consumption for
electrical appliances and equipment. However,
the growing electricity consumption in offices
needs to be seen in relation to the wider transformations from an industrial to a knowledgebased society. Therefore, for the purposes of a
balanced and fair comparison of different energy saving strategies, it makes good sense to
include the electricity consumption to appliances and equipment in the calculation of the
total primary energy consumption and CO2
emissions (Boardman, 2007).
The total primary energy consumption for the
typical three-storey office with a gross floor
area of 2.700 m2 can be calculated with the
Be06 software. The office is based on current
standards to meet the new energy regulations’
requirements (Marsh et al., 2008), and the
remaining electricity consumption is taken
from Energistyrelsen (2007). The results, as
shown in Figure 3, lead to three overall conclusions:
- It is electricity consumption (consisting of
office equipment, lighting, building services
and overheating/cooling) that dominates the
total primary energy consumption for new build
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Seen in relation to the previous historical
analysis, it can be reasonably argued that new
buildings have become better insulated, and
that they typically use larger areas of highly
insulated glazing. However, there has been a
growth in the components of energy consumption which historically have not been regulated, where the electricity consumption and
the internal heat gains from office equipment
have become larger. This means that the internal energy balance between heat losses and
heat loads has shifted in buildings (Orme et al.,
2003; Persson et al., 2006). It is now the total
electricity consumption, including the summer's cooling demand because of overheating,
that dominates new offices’ total primary energy consumption, whilst the heating demand
has been greatly reduced. Based on known
data it is reasonable to assume that the same
is true for all other important building types
(Marsh et al., 2008).

THE FUTURE
An important factor in Danish energy policy is
the need to reduce greenhouse gas emissions
because of climate change (Energistyrelsen,
2008). Climate change is expected to give
warmer summers and more extreme heat
waves around the globe. Whilst the extent of
these changes is dependent on the extent of
future greenhouse gas emissions, an increase
in global temperatures of between 1 and 6 OC
by the end of this century is already expected
(IPCC, 2007).
2006 and 2007 were the warmest years ever
recorded in Denmark since measurements
began in 1874, whilst four of the seven
warmest years ever recorded can be found between 2000 and 2007 (Capelin & Jørgensen,
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Figure 4:
Change in space heating and
cooling for new build offices in
relation to the expected climate
change from 2010 to 2085
expressed as primary energy
consumption per m2 floor area.

2008). From these records it is possible to
compare how the climate has changed in
recent years in relation to reference weather
data used:
- In Denmark the Design Reference Year (DRY)
is used in energy calculation programs, and is
based on climate data over the fifteen-year
period between 1975 and 1989 (Jensen & Lund,
1995). Temperatures over the last 15 years are
on average 0.9 OC higher than the years 1975 to
1989.
- For meteorological purposes the 30-year
period from 1961 to 1990 is also used. Temperatures over the last 30 years are on average
0.5 OC higher than the years 1961 to 1990.
It is therefore reasonable to assume that all
new buildings in Denmark are designed on the
basis of incorrect climate data that, because of
climate change, overestimates the need for
space heating and underestimates the need for
cooling.
For Denmark, climate change is expected to
result in a warmer climate, with climate
change scenarios predicting an increase in
temperature of up to 3 OC for both winter and
summer conditions in the years up to 2085
(Jørgensen et al., 2006). The Danish
Government expects that climate change will
result in a reduced demand for space heating
in the winter and a greater demand for cooling
in the summer in buildings (Regeringen, 2008).
This can be illustrated by looking at the typical
three storey office built after current standards
to meet the new energy regulations’ requirements, and calculating the primary energy con-

sumption for heating and cooling with the Be06
software in relation to the expected rise in
temperature between 2010 and 2085. It is
assumed that mechanical cooling is used to
eliminate overheating and ensure thermal
comfort, as expected by the Danish
Government (Regeringen, 2008). The results,
shown in Figure 4, indicate that by 2085 spaceheating demand will be reduced 15 %, whilst
the primary energy consumption to cooling will
be 40 % larger.
Climate change means that offices’ total primary energy consumption is expected to rise
as the composition of energy consumption
changes. The demand for mechanical cooling
and therefore electricity consumption will rise,
whilst the demand for space heating will fall.
These results are supported by a series of similar international studies from comparable
countries, which show the same tendencies for
all important building types (Frank, 2005;
Hacker & Holmes, 2007). The implication of
this analysis is that there is a growing need to
focus on design strategies and technologies
that eliminate the demand for mechanical
cooling, whilst also ensuring satisfactory summer thermal comfort, both today and in the
future. Such climate change adaptation strategies point towards the utilisation of daylighting
design, solar shading, controlled natural ventilation and a high thermal mass to minimise
energy consumption and ensure thermal comfort (Hacker et al., 2005).

TOWARDS A NEW PARADIGM
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For the Danish architectural profession, there
has in many years been an uncritical approach to low energy issues, which in part can
be seen to stem from a lack of understanding
of building physics and engineering science.
This has typically put the architectural profession in a weak position, since the low energy
paradigm has traditionally been constructed
within the engineering profession’s realm. The
architectural response in this way becomes filtered and delayed, both in relation to content
and delivery. This can, for example, be seen in
the architectural perception of passive solar
energy, which has for many years received
much uncritical coverage promoting the architectural and energy related qualities, but without any serious analysis of whether reductions
in energy consumption are delivered (Beim et
al., 2002), and this is despite the fact that much
research shows that passive solar architecture
does not always equate with savings in primary
energy in a Nordic context (Marsh et al., 2001;
Persson et al., 2006).
This paper has shown that building energy consumption has been radically transformed in
Denmark since the 1970's, with a large fall in
heating consumption and a continuous rise in
electricity consumption. In new buildings it is
the total electricity consumption that now dominates the primary energy consumption, whilst
heating plays a greatly reduced role. At the
same time, climate change scenarios show
that cooling demand will grow in buildings,
whilst heat demand can be expected to fall in
the future.
There is therefore a need to develop a new paradigm for low energy architecture, which
learns from developments in the past, is based
on today's energy consumption patterns and
reflects the future effects of climate change.
This new paradigm also needs to reflect the
architectural design process, which is characterised by a progression from the generalised
to the specific, from rough spatial sketches to
detailed construction specifications. Typically,
issues relating to functional disposition, spatial
quality and built form are decided early in this
design process, and it has also been shown
that these form related factors have a dominating effect on energy consumption and CO2
emissions (Marsh et al., 2006). Therefore, a
new paradigm can be developed that reflects
the progression in the design process, starting
with a generalised approach that focuses on
architectural form and passive design, and pro-
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gressing to a more specific focus on technological details. The four cumulative and iterative
strategies are:
1 Functionality: Development of user-orientated and functional strategies to reduce energy
consumption.
2 Spatiality: The spatial proportioning of the
building to improve daylighting and indoor
comfort, whilst electricity consumption is
reduced.
3 Materiality: Design of structural and constructional elements to reduce energy to heating, cooling and materials.
4 Technology: Integration of energy saving and
producing technologies which balance energy
saving and renewable energy production.

Functionality
Modern society is characterized by continuing
and fluid processes of social and economic
change (Baumann, 2000). Most industrialised
societies have since the 1980’s experienced a
transformation towards a knowledge or information based society, and in this process there
has been a transformation in how buildings are
perceived and used (Gann, 2000). Buildings
now have to meet advanced technological and
functional demands, best expressed by the
clear tendency towards integrating IT infrastructures in new buildings (Marsh, 2008),
thereby explicitly encouraging an expected level
of IT functionality and electricity consumption.
It can therefore be argued that these appliances are integral to modern buildings’ functionality, and that the resulting electricity consumption is an integral part of running the
building.
Traditionally, factors relating to user behaviour
have not been integrated in the design process
for low energy buildings, since it has not been
perceived as possible to control or determine
them in the procurement process. However, it
has been shown that at least half of new buildings’ total primary energy consumption comes
from users’ electrical equipment, and that
issues relating to overheating and indoor comfort are growing in importance because of climate change. There is therefore a need to
challenge this traditional approach and develop
user-orientated and functional strategies to
reduce energy consumption.
Issues relating to indoor comfort and climate
are closely related to user perception and
building interaction. In a Nordic context, the
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debate on indoor comfort has been dominated
by Fanger’s static model of thermal comfort,
where user interaction has no affect on comfort. In recent years however, a newer model of
adaptive thermal comfort has been developed
that integrates behavioural, physiological and
psychological factors in how users achieve
thermal comfort (Kwok & Rajkovich, 2009), and
this is seen as playing a critical role in allowing
both users and buildings to adapt to future climate change (Shove et al., 2008). From an
architectural viewpoint, the use of adaptive
thermal environments, where users can open
and shut windows, control daylight distribution
and adjust solar shading, have many advantages as strategies that can both deliver
reduced energy consumption and greater user
satisfaction.
Reducing the energy consumption from electrical equipment and appliances is important
because these savings deliver both large
reductions in primary energy consumption and
reduce unwanted heat emissions and overheating in the summer, which in turn improves
thermal comfort and reduces the need for
cooling, an important factor in relation to climate change. It is worth noting that construction professionals in Denmark are already involved in the purchase and installation of electrical equipment, reflecting the growth in integrating IT infrastructures in new buildings, but
without demands to electricity consumption
being made.
By focussing on electrical equipment, it
becomes necessary to change building procurement practices, so that factors relating to
users’ purchase and operation of electrical appliances can be integrated in the design
process (Boardman, 2007). By including electricity consumption in this way, it also becomes
possible to initiate a broader process of user
education and participation, integrating behavioural and technological solutions in reducing
energy consumption (Gram-Hanssen &
Gudbjerg, 2006).
The new Åparken office building in Kolding,
Denmark, (see figure 5), designed by GBL
Architects, is a prime example of how functional concerns have been integrated in the low
energy strategy, with a very large focus on
electricity savings. The electrical installations
have been divided into small zones, each of
which is individually switchable, and low energy installations have been used, so that elec-

trical equipment can be shut off when not in
use and at night, ensuring large savings. At the
same time, users have been provided with
detailed instruction manuals in how to use the
building to save electricity.

Spatiality
With the effects of climate change there is a
need to prioritise the architectural design of
buildings so that overheating in the summer is
avoided. Research has shown that architectural
form can play an important role in reducing
cooling demands and at the same time in optimising the utilization of natural daylight and
minimising the use of artificial lighting (Marsh
et al., 2006).
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Figure 5:
Åparken office building, Kolding,
Denmark, GBL Architects (2008).
Functional concerns have been
integrated in the strategy to
reduce the total primary energy
consumption, with a very large
focus on electricity savings.

Figure 6
VKR Holdings headquarters,
Hoersholm, Denmark, Hvidt &
Mølgaard Architects (2007).
Spatial proportioning creates
high levels of well-distributed
daylight. This provides a good
working environment, low primary energy consumption, and no
need for mechanical cooling.

Traditional low-energy paradigms have
focussed on reducing the space heating
demand. This has resulted in a design focus on
compact built forms that minimise the building’s surface area in relation to the heated volume, and therefore reduce the fabric heat loss
from the building. Compact built forms typically have very deep rooms, a central zone without
daylighting, and ceiling heights at the legal
minimum. There is clear evidence that the use
of these compact typologies has become more
widespread for most building types in Denmark
(Lund, 2001; Thau, 2001).
Deep buildings with limited ceiling heights will
typically require a more extensive use of
mechanical ventilation and artificial lighting
since a large proportion of the floor area cannot use natural daylighting or ventilation. At
the same time new buildings have become better insulated and the internal heat gains from
electrical equipment, artificial lighting and
building services have become larger, meaning
that overheating and a growing cooling demand
are more common. This means that the primary energy consumption to lighting, cooling
and building services will often be larger than
that to space heating. This indicates that spatial design can be a viable strategy in a broader
low-energy paradigm.
Daylight quality and distribution is closely
linked to a room’s spatial proportion. Rooms
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with a greater ceiling height, highly placed windows and a limited depth can create better
daylighting conditions with a more even daylight distribution (Leslie, 2003). This creates
well lit rooms with better visual quality, and
together with the use of low-energy lighting
with daylight control, this strategy can greatly
reduce the primary energy consumption to
lighting (Baker & Steamers, 2000; Marsh et al.,
2006). At the same time, buildings with greater
ceiling heights, limited building depths and an
absence of internal rooms are ideal for cross
ventilation, and therefore strategies using controlled natural ventilation will be easier to
implement. By combining natural daylight and
natural ventilation, the internal heat gains from
the building services will be greatly reduced,
thereby reducing the cooling demand.
Traditional heat saving paradigms have promoted the use of large areas of south facing
glazing to reduce space heating in Danish
buildings, also in larger building types such as
offices (Radisch & Lading, 2000), and this has
resulted in severe problems with overheating.
With climate change projections of increasing
temperatures and rising cooling demand in the
future, it is important to design buildings with a
low energy consumption and a good thermal
comfort in relation to present and future summer conditions. Glazed areas need therefore to
be designed so that their size and distribution
is based on the need for daylight in the room,
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whilst their orientation is based on the need to
minimise overheating and cooling demand.
With the transformation from the industrial to
the knowledge society, it is at the same time
important that buildings are designed to allow
for a growing use of computer displays, both at
workplaces and in the home for work and
leisure purposes.
For a given building there can be many advantages in orientating the rooms with the largest
areas of glazing to the north, so that the best
daylighting conditions are created, including for
computer display usage, whilst at the same
time problems with overheating and cooling
demand are eliminated. By consciously utilising daylight from the north, the remaining
glazed areas to the east, south and west can
be distributed in relation to the need for daylight, and with the use of external shading
devices so that sunlight can be utilised or
excluded as required.
The new office building for VKR Holdings in
Hoersholm, Denmark, by Hvidt & Mølgaard
Architects (see Figure 6), uses spatial proportioning with generous ceiling heights and reduced room depths, together with highly placed
windows and rooflights, to create high daylight
levels with very even distribution. This provides
a good working environment in rooms that also
are naturally ventilated, giving low primary
energy consumption and no need for mechanical cooling.
The office building designed by KHR Architects
for B&O in Struer, Denmark, has consciously
worked with principles to maximise the amount
of northlight in the office spaces, whilst limiting direct sunlight and overheating from the
south. This has been achieved by orientating
the larger glazed areas to the north, and the
smaller areas to the south, as shown in figure 7.

Materiality
For the architectural profession, the use of
materials to minimise energy consumption has
focussed on reducing heat consumption, but
concerns regarding climate change have led to
a larger focus on reducing overheating and
cooling demand. It is also important to take
account of the embodied energy, that is the
energy used to extract, produce and transport
building materials throughout their life cycle
(Marsh et al., 2001).

Buildings in Denmark have much greater levels of thermal insulation than for 30 years ago,
as discussed earlier. The improved insulation
of the building fabric can play a role, but there
needs to be found a balance, since very large
insulation thicknesses have been shown not to
give very large energy savings because other
contradictory factors begin to play a more
important role. Amongst others, the useable
floor area becomes reduced, the quality and
quantity of daylight can be impaired by the very
deep window reveals, and the embodied energy
of the extra materials can almost equal the
heat saving, meaning that with current insulation technologies it is difficult to justify insulation thicknesses greater than 500 mm (Marsh
et al., 2006).
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Figure 7:
B&O headquarters, Struer,
Denmark, KHR Architects (1998).
The conscious use of northlight
to create good visual comfort,
minimise overheating, and utilise
natural ventilation in the office
spaces.

mixed with gypsum in the production of plasterboard, allowing for a thermal mass in lightweight materials (Schossig et al., 2005). The
Badenova office building in Offenburg,
Germany, by Lehmann Architects (see Figure
8), shows how an architecturally sensitive
approach to phase change materials, natural
daylighting and natural ventilation can give a
very low primary energy consumption without
the use of traditional HVAC solutions.
The architectural strategy for the design of
structural and constructional elements therefore needs to be optimised to reduce energy to
heating, cooling and material production. This
can be achieved by designing external walls
and roof as lightweight and highly insulated
elements, whilst loadbearing walls and floors
can be designed as heavyweight concrete elements, which are exposed to the air if possible.
Where necessary, lightweight phase change
materials can be used to give extra thermal
mass.

Figure 8:
Badenova office building,
Offenburg, Germany, by Lehmann
Architects (2006). The use of
phase change materials, natural
daylighting and natural ventilation give a very low primary energy
consumption without traditional
HVAC solutions.

Developments in office design show a clear
tendency towards large, open plan spaces with
very few internal obstructions, and where
acoustic requirements often dictate the use of
suspended ceilings (Rømer, 2001), meaning
that the thermal mass of many modern buildings has been considerably reduced. Since a
high thermal mass acts to stabilise the indoor
climate, it can be argued that this development
has contributed to the rising comfort problems
and growing cooling demand in new offices. To
counteract this development, the use of socalled phase change materials has become a
relevant option in modern buildings. Phase
change materials are able to absorb excess
heat during the day and emit it again at night,
thus reducing overheating and the need to use
mechanical cooling. The phase change materials consist of small wax capsules that can be
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Technology
There has been a rapid growth in the extent of
building services in modern buildings, and this
is expected to continue in the future, partly due
to the previously discussed technological and
social changes relating to the knowledgebased economy, and partly because of the larger focus on energy and environmental concerns in the construction sector (Marsh, 2008).
With the building's total primary energy consumption minimised by the optimisation of
architectural form in the preceding strategies,
solutions relating to buildings' energy saving
and producing technologies need to be optimised in relation to future climate change and
energy supply scenarios in the movement
towards zero-energy buildings.
In zero-energy buildings, energy savings are
used to ensure a low total primary energy consumption, which is then met or exceeded on a
yearly basis by production from renewable
energy sources (Torcellini et al., 2006). The
important role that zero-energy buildings are
expected to play in the future can be seen in
the fact that both the new draft revision of the
EPBD and the new Danish Government strategy for effective energy use in buildings propose
the development of definitions and targets for
zero-energy buildings (Commission of the
European Communities, 2008; Regeringen,
2009).
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An important aspect of zero-energy buildings is
the need to develop renewable energy strategies, whether they either are building integrated or more centralized urban systems, and to
integrate them into the wider energy supply
system (Dunster et al., 2007). This implies the
need for strategic considerations in relation to
the interplay between architecture, urban
design and energy planning over a long time
span.
Building integrated renewable energy systems
typically involve the use of large areas of photovoltaic cells to electricity production and solar
panels to heat production, which again raises
considerable architectural and urban design
issues. The use of these solutions opens up
new architectural challenges in the development of intelligent façade solutions that integrate daylight, ventilation and indoor comfort
control with active solar shading and photovoltaic electricity production. The use of new
transparent photovoltaic solutions integrated
into glazing components can be seen to create
many interesting architectural potentials in
relation to how daylight is filtered, controlled
and perceived in different spaces (Hansen et
al., 2008).
In the new Green Lighthouse office building for
the University of Copenhagen, by CCO
Architects, and which was completed in time
for the COP15 Climate Summit (see Fig-ure 9),
a careful balance of broad energy savings combined with building integrated energy production from photovoltaic cells and solar panels
has created the first zero-energy office building
to be built in Denmark.

CONCLUSIONS
This paper has argued that the understanding
of architecture again needs to be widened if the
architectural profession is to play an active role
in combating climate change. For the architectural profession, a lack of understanding of the
building physics that form the basis of the
energy and climate debate may result in ceding
an even larger portion of the construction
process to other professionals, which can be
seen as a negation of the architectural profession’s wider social responsibilities.
This paper has shown that for office buildings
in Denmark, heat consumption has been considerably reduced over the last 30 years, and as
a reflection of the growth of the knowledge

society, it is now electricity consumption that
dominates new buildings' total primary energy
consumption. At the same time, future climate
change will result in a larger demand for cooling in the summer and a reduced demand for
heating in the winter. Research shows that the
same tendencies for the past, present and
future are also applicable to all important
building types.
The architectural design process is characterised by a progression from the generalised
to the specific, where important energy related
factors such as functional disposition, spatial
quality and built form are decided early in the
process. With this background, a new paradigm
for zero-energy architecture has been developed using four cumulative and iterative
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Figure 9:
Green Lighthouse office building,
University of Copenhagen, CCO
Architects (2009). Low primary
energy consumption combined
with building integrated energy
production has created the first
zero-energy office building in
Denmark, which was completed
for the COP15 Climate Summit.

strategies, starting with a generalised
approach that focuses on architectural form
and passive design, and progressing to a more
specific focus on technological details.
By starting with issues relating to functionality
and spatiality, the new paradigm uses the
architectural profession’s core competences in
relation to design synthesis and spatial disposition as the driving force to create buildings
that have low primary energy consumption,
good daylighting and indoor comfort, and are
adapted to future climate change. From this
basis, the new paradigm progresses to issues
relating to materiality and technology, where
more specific, technical factors are integrated,
and where energy savings and renewable energy production is optimised in relation to future
climate change and energy supply scenarios
for zero-energy architecture.

The use of this strategic approach allows the
architectural profession to put architecture and
design at the forefront of the debate on energy
and climate in the construction sector. This
means that architectural design can be used
as a driving force in the movement towards
zero-energy buildings, and this widens the
understanding of architecture as an active
player in combating climate change, thus supporting the profession’s wider social responsibilities to clients and building users.
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