
Optimisation of Solar Energy Use in Large Buildings
TO PROVIDE KNOWLEDGE ON SOLAR ENERGY USE IN LARGE BUILDINGS, 21 BUILDINGS DESIGNED USING

THE “WHOLE BUILDING APPROACH” HAVE BEEN EVALUATED AND DOCUMENTED. BOTH THE PARTICULAR

PROCESSES USED IN THE DESIGN OF THE BUILDINGS AND THE RESULTING BUILDING PERFORMANCES ARE

EVALUATED. THE RESULTS ARE DOCUMENTED IN A REPORT FROM THE IEA SH&C TASK 23.

Background

Within the International Energy Agency (IEA) a comprehensive program of energy co-operation is
carried out among the member countries. The Solar Heating and Cooling Implementing Agreement
was one of the first collaborative R&D programs to be established within the IEA, and, since 1977,
its participants have been conducting a variety of joint projects in active solar, passive solar and
photovoltaic technologies, primarily for building applications.

Task 23

In the framework of the IEA Solar Heating & Cooling Programme, “Task 23, Optimisation of Solar
Energy Use in Large Buildings” was initiated. The Operating Agent of the Task is Professor Anne
Grete Hestnes, Norway.

To significantly reduce the total energy use in large buildings, it is necessary to use several tech-
nologies such as energy conservation, daylighting, passive solar, active solar and photovoltaics in
combination. The designers of these buildings therefore need to find the optimum combinations of
technologies for each specific case. This requires an integrated design approach, where the differ-
ent low energy and solar technologies to be used are considered integral parts of the whole, also
taking architectural quality and functionality into account.

The objective of Task 23 is to enable the designers to realise such integrated design processes
and to carry out the necessary optimisation exercises, thereby ensuring the most appropriate use
of solar energy in each building project. Providing the designers with design process guidelines
and a set of design tools will do this. At the same time, the Task will ensure that the buildings de-
signed using these tools promote sustainable development. Including criteria such as general re-
source use and local and global environmental impact in the analyses facilitated will do this.

Evaluation and documentation of buildings

In a part of Task 23, “Subtask A, Case Stories”, different low energy solar buildings are investi-
gated and documented. The objective of Subtask A is to provide the knowledge needed for guide-
lines, methods and tools, which will be developed in other subtasks. This was done by evaluating
and documenting a set of buildings designed using the “whole building approach”. Both the proc-
esses used in the design of the buildings and the resulting building performance were evaluated.

The results of these studies have been documented in the report “Description of Case Stories”. 21
different solar buildings from 12 different countries, comprising offices, schools, and conference
and research centres are presented. The buildings use a number of low energy and solar tech-
niques, including daylighting, passive and active solar systems and photovoltaics. The countries



involved are Austria, Canada, Denmark, Finland, Germany, Japan, Korea, Netherlands, Norway,
Spain, Sweden, Switzerland and USA.

Examples of Solar Buildings

Primary School, Austria

The primary goal was a building as ecological
as possible within a budget only 10% more
than usual. This resulted among other things in
cork as insulation material, PVC was not used
at all and wood was widely used. Prismatic
plates serve as shading for direct sunlight, and
mirrored shutters reduce glare and direct dif-
fuse light on to the reflective ceiling. Thereby
use of daylight is possible.

Today the building serves an example of a
school with a very good performance com-
pared to other schools, the occupants are very

satisfied and the children highly motivated.

A lesson learned during the design process was that a very close co-operation between architects
and engineers from the beginning of the process was necessary to achieve good results. However,
a whole building approach also implied problems: each of the planning experts involved aimed at a
different goal, a specific goal according to a specific function. It turned out that a guideline was
needed on how to deal with these conflicts at the very beginning of the design process.

Office building, Germany

The client wished a building, which further the
co-operative aspects of work like communica-
tion, discussion, relaxation etc. without hierar-
chy. Since the company is a software devel-
oper, the computer workplaces needed special
solutions against glare. Some other important
criteria were maximised use of natural daylight,
minimised cooling load, low electrical and
heating energy use. Furthermore, the building
costs and the running costs should be low. To
be able to fulfil the wishes from the client it
turned out that a close co-operation between
architect, client, structural engineer, building
services engineer, building physicist was absolutely mandatory. And a personal engagement of the
client was necessary to decide innovative solutions, sometimes out of the current norms and
regulations.

It was the basic idea to give components of the building several functions. For example to use the
central atrium as well as the floor integrated ducts for air-conduction and therefore reduce costs.
The round form of the building with a consequent buffering of the heated rooms by a temporal
heated yard atrium led to minimise the external building surface, which resulted in reduced heat
loss and running costs as well as reduced investment costs for the facade. Pre-cooling by founda-
tion channels and activation of thermal mass through open ceilings replaced a mechanical cooling
device. A lesson learned during the design process was, that validation of the concept by dynamic
simulation was necessary for forecasting and guarantying temperature profiles, energy consump-
tion for heating, cooling, electricity and comfort level both thermal and visual.

Environmental Science Institute, Japan

Environment-conscious and energy-efficient design and construction was an important start-point
as to confirm the owner’s and occupant’s identity. Yamanashi Prefecture Government as owner



wished the building to be a model case of environ-
mental conscious buildings, because the building is
used for environmental science learning centre for
pupils and research centre on relationship between
human and nature from a global viewpoint. The scope
of the building has been widely acknowledged and it
serves a model of environment-conscious activities for
people of the Yamanashi prefecture and others.

Energy saving target was set to reduce total energy
consumption by 30% compared to a typical laboratory
building. This has been reached by the installation of
different solar and low energy techniques such as PV
panels, solar air hybrid collectors, heat pumps etc.

Office and conference centre, Denmark

The background for the building is twofold. The technical
concept and design idea was based on the winning pro-
posal of the design team for the EU competition “Working
in the city”. Furthermore, the client of the building was
looking for an outstanding building demonstrating the
technical and design solutions to achieve a 50% reduction
in energy consumption. This reduction was a result of the
recommendations from the UN report “Our Common Fu-
ture”.

The design process of the building has in all phases of the
project focused on the aim of the project: Demonstration of
major energy savings in a new non-domestic building, in-
volving all professions within the building design team. The
energy saving measures include, among others, building
integrated PV-systems, daylighting techniques and pas-
sive solar. A very close co-operation was achieved be-
tween the engineers and the architects, which has proved
to be a very positive experience for all parts.

A lesson learned was the importance of very close collaboration between the members of the de-
sign team. Even though the design team had a good level of communication a number of problems
turned out to be unsolved at the time of construction start and had to be solved quickly.

The report is available

The report contains information on the design teams, buildings, mechanical and electrical pa-
rameters and the different technologies and energy saving features used. This information is given
for each of the 21 buildings. Furthermore, information on the design process is included. This part
contains a summary description of the design process (planning, decisions and organisation), de-
scription and motivation for the technical and architectural phenomena that have been investigated
and an overview of the resources used.

The report is available from

Esbensen Consulting Engineers A/S
att. Christina Henriksen
Vesterbrogade 124 B, DK-1620 Copenhagen V
Phone: + 45 33 26 73 00
Fax: + 45 33 26 73 01
e-mail: c.henriksen@esbensen.dk

The price is 150 DKK incl. postage excl. VAT.

The Danish Energy Agency has financed the editing and publication of the report.
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