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The reader is also refered to additional case studies of passive solar non-

|residential buildings prepared under a research programme sponsored by the

U.S. Department of Energy and published in the book; "Commercial Build-

ing Design : Integrated Climate, Comfort and Cost.” by, Burt Hill Kosar Rit:

telmann Associates and Min Kantrowitz and Associates (Van Nostrand Reind

hold Company, New York, 1987), Library of Congress Catalogue Card Num-
ber 86-28997, ISBN 0-442-21156-2
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PREFACE

INTRODUCTION TO THE INTERNATIONAL ENERGY AGENCY

he International Energy Agency (IEA)} was formed in November 1974 to establish cooperation

among a number of industrialised countries in the vital area of energy policy. It is an autonomous
body within the framework of the Organisation for Economic Cooperation and Development (OECD).
Twenty one countries are presently members, with the Commission of the European Communities also
participating in the work of the IEA under a special arrangement.

One element of the IEA’s programme involves cooperation in the research and development of alter-

native energy resources in order to reduce excessive dependence on oil. A number of new and im-
proved energy technologies which have the potential of making significant contribution to global en-
ergy needs were identified for collaborative efforts. The IEA Committee on Energy Research and De-
velopment (CRD), comprising representatives from each member country, supported by a small Secre-
tariat staff, is the focus of IEA RD&D activities. Four Working Parties (in Conservation, Fossil Fuels,
Renewable Energy, and Fusion) are charged with identifying new areas for cooperation and advising
the CRD on policy matters in their respective technology areas.

t

IEA SOLAR HEATING AND COOLING PROGRAMME

Solar Heating and Cooling was one of the technologies selected for joint activities. During 1976-77,

specific projects were identified in key areas of this field and a formal Implementing Agreement
drawn up. The Agreement covers the obligations and rights of the Participants and outlines the scope
of each project or "task” in annexes to the document. There are now eighteen signatories to the Agree-
ment:

Australia Japan

Austria Netherlands
Belgium New Zeatand
Canada Norway
Denmark Spain
Commission of the European Communities Sweden

Finland : Switzerland
Federal Republic of German United Kingdom
Italy United States

Page v



IEA TASK Xi - Basic Case Studies - Overview

Thc overall programme is managed by an Executive Committee, while the management of the indi-

vidual tasks is the responsibility of the Operating Agents. The tasks of the IEA Solar Heating and
Cooling Programme, their respective Operating Agents, and current status (ongoing or completed) are
as follows:-

Task 1 Investigation of the Performance of Solar Heating and Cooling Systems - Technical
University of Denmark (completed).

Task 1II Coordination of Research and Development on Solar Heating and Cooling - Solar Re-
search Laboratory - GIRIN, Japan (completed).

Task III Performance Testing of Solar Collectors - University College, Cardiff, UK (com-
pleted)

Task IV Development of an Insulation Handbook and Instrument Package - US Department of
Energy (completed).

Task V Use of Existing Meteorological Information for Solar Energy Application - Swedish
Metorological and Hydrological Institute (completed).

Task VI Performance of Solar Heating, Cooling and Hot Water Systems Using Evacuated
Collectors - US Department of Energy (completed).

Task VII Central Solar Heating Plants with Seasonal Storage - Swedish Council for Building
Research (ongoing).

Task VIII  Passive and Hybrid Solar Low Energy Buildings - US Department of Energy (com-
pleted)

Task IX Solar Radiation and Pyranometry Studies - KFA Julich, FRG (ongoing).

Task X Solar Materials Research and Development - AIST, MIT], Japan (ongoing)

Task XI Passive Solar Commercial Buildings - Swiss Federal Office of Energy (ongoing)

Task XII Solar Building Analysis and Design Tools - US Department of Energy (ongoing)

Task XIII  Advanced Solar Low-Energy Buildings - Royal Ministry of Petroleum and Energy,

Norway (ongoing).
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TASK XI: PASSIVE AND HYBRID SOLAR COMMERCIAL BUILDINGS

Growing Interest in the energy savings opportunities presented by the use of passive solar concepts

in commercial buildings prompted members of the IEA Solar Heating and Cooling Programme to
form a new task in 1985. At that time much of the national and international research into passive solar,
energy efficient building design had concentrated on residential buildings. Task XI was an early rec-
ognition of the enormous potential for energy savings through the application of passive solar tech-
niques to displace fuel used for heating, cooling and lighting in commercial buildings.

These buildings differ markedly from residences in much more than size. The variety of building
forms, HVAC systems, controls, internal loads, occupancy profiles and schedules, and special user re-
quirements is made more complex by their interactions. Furthermore, there is still relatively little ex-
perience of utilising passive solar techniques to save conventional energy in commercial buildings.

Task XI was structured to optimise the contributions, and national programmes, of the participat-
ing nations. It comprises three linked sub tasks: : '

A Case Studies: led by the United Kingdom
B Simulation: led by the United States of America
C Design Information: led by Switzerland

This book is a product of Sub Task A and brings together, in a standardised format, basic informa-
tion on 48 passive solar commercial buildings, (47 in Europe), spanning a wide variety of climates. Sub
Task A also proposes to publish a collection of about 20 case studies from buildings researched (through
measurement and simulation) in much greater detail, these are known within IEA as Advanced Case
Studies (ACS). ‘

In addition to this case study material, Task XI will publish the results of simulation studies (Sub
Task B) which, together with the wide variety of case study material is being used to generate a com-
prehensive set of information for designers (Sub Task C). Thus the annex hopes to influence the next
generation of low energy commercial buildings which will be designed to make effective use of the sun
to reduce the conventional energy loads required for space heating (& cooling) and electric lighting.

One gratifying conclusion from these case studies is that not only is it possible to achieve energy
savings through passive solar design, but also that the buildings can be exciting and stimulating addi-
tions to our built environment and be well liked by those who use them.
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EXECUTIVE SUMMARY

A collection of 48 case studies of passive and hybrid solar commercial buildings

from 12 countries and the CEC is presented, covering a wide variety of build-
ing types, climates and locations. Generalisations, concerning building perfor-
mance, are difficult, and sometimes impossible, due to the diversity of buildings,
systems and climates. It has also been difficult for authors to provide information
about such complex buildings in a standard comparable format. However, the case
studies presented confirm that it is possible to design passive solar, energy-efficient
buildings within conventional constraints that are well liked by owners, operators

" and occupants. '

It is apparent. that the energy balance of commercial buildings, sometimes with
high internal heat gains and low volumetric heat loss, presents designers with chal-
lenges if they seek to admit large amounts of solar heat and daylightto displace non-
renewable forms of space heating and electric light. - These case studies include
many examples of ways intended to achieve this displacement of fuel use; these pro-
vide valuable practical feedback from both successes and failures. =

Energy savings relative to conventional buildings range from about +90% to - -
~35%, these savings (or losses) cannot be attributed entirely to passive solar fea-
tures but are also dependant upon the energy management within the building. The
average capital costs are about the same as those of conventional buildings, with
most lying within a +/- 10%. There is no observed relationship between capital cost
and energy performance and the case studies confirm that energy saving strategies
are not a major cost in commercial buildings. o

There is still much to learn, through both research and design, about the success-

ful integration of passive and hybrid solar energy design into low energy com-
mercial buildings. This applies particularly to how solar energy is integrated with
heating, cooling, lighting and ventilation systems.

These case studies should encourage designers to adopt solar design principles

and will provide some examples which includes both successes and failures. The
case studies will also provide researchers with an insight into energy related issues
of concern to the construction industry.
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INTRODUCTION

It is tempting to think that a collection of 48 case studies prepared to a common format will yield a

wealth of consistent, comparable and credible data which in turn provides great insight into the work-
ings of passive solar buildings. However, reality does not conform to the controlled conditions of the
laboratory; consequently each of the case studies was prepared in a national and cultural context. This
makes comparison very difficult since not every case study provides the same data for all parameters,
For example :

s Isfloor area defined and measured as gross, net, heated, etc. and is it measured intcrnally
or ex'tcrnally‘?

s Is energy use expressed as primary energy, fuel delivered to site, heat supphcd to build-
ing, measured or modelled or both, etc.?
These uncertainties are compounded by the complexity and diversity of non domestic buildings.
For example :

# How can we compare a 100 m? earth sheltered office with a 10,000 ml2 atrium office?

# How do we compare fuel use in a building with a heat pump to one which uses waste in
an incinerator, and to an all-electric building?

Naturally, the Basic Case Study project attempted to overcome these difficulties. For example :
% A standardised format was used.
# Degree days were defined in a standard fashion.
% Building costs were expressed in European Currency Units (ECU).
# Energy use was carefully defined.
s Reference or baseline cost and energy data were requested for each case study.
Whilst much effort has been expended in trying to make the data consistent there was little point in
forcing this matter to extremes since consistency does not guarantee comparability due to the multi-
plicity and complexity of the wide range of buildings included.

THE SAMPLE

A total of 48 case studies were provided, 47 in Europe and 1 in Canada. Of these, 3 are not included

in this overview analysis, since 2 are research experiments for model validation and the other is an
illustration of an advanced hybrid technology (light pipe). The European sample cover the latitude
range of 36° to 70° N. Their locations and descriptions together with the numbering used in this report
are given in the map and table at the end of the introductory section. The distribution by country and
building type is as follows :-

not in overview

A B CH D DK E 1T N S SF UK CDNCEC D AllL

OFFICES 3 4 2 2 1 1 1 3 1 1 1 20
EDUCATION 1 3 3 31 3 2 16
ASSEMBLY 1 1 2
HOTEL 1 1 2
HEALTH 1 1
SPORTS 1 1 2
INDUSTRIAL 1 1
4

OTHER 1 2 1

i
oo

ALL TYPES 1 2 8 9 2 4 3 4 3 1 8 1 1 1
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Offices and educational buildings make up 75% of the sample, reflecting their importance.

Passive solar features were categorized according to the following typology :
% DaylightingDirect and Indirect
# Solar HeatingDirect and Indirect
# Solar ControlNatural Cooling and Shading & Insulation
#* Atfria
Daylightir{g f'eaufres are intended to save energy and/or improve amenity through the displacement
of electric lighting.

Solar heating features are intended to save energy and or improve amenity through the displacement
of space heating by conventional fuels.

Solar control features are intended to save energy and/or improve amenity through the removal (natu-
ral cooling) or exclusion (shading & insulation) of unwanted solar heat.

tria buildings were defined separately since they usually embody a mixture of passive solar strategies
~ “functioning in a unique interactive manner. Additionally, atria are still a controversial energy issue
in many climates - do they save energy, improve environments, or are they only nice spaces ?

Individual buildings can incorporate many passive solar features and there can be some confusion
stemming from the fact that all buildings incorporate direct solar heating and direct daylighting to some
extent. Atria in particular proved difficult since they can be regarded as a subset or collection of other
features. Most authors stressed that the passive solar features were an integral part of the whole design,
not simple add-ons, and that this made the separation of their cost, performance etc. both difficult and
meaningless. :

Notwithstanding the strongly held view that passive features are inseparable from the overall de-
sign, the principal features ascribed to the buildings are as follows : (Note that many buildings have sev-
eral passive solar features).

OFFICES EDUCATION OTHERS ALL

Daylighting Direct 13 9 9 31
Indirect 4 7 4 15
Solar Heating Direct 11 10 6 27
Indirect 6 9 7 22
Solar Control Natural Cooling 5 3 3 11
Shading & Insulation 8 7 3 18
Atria 7 6 3 16
Number of buildings 20 16 12 48

It is difficult to make reliable, precise, and quantitative inferences from the data, but the following
may be worth noting :-

# Daylighting is very widely used to save energy, which reflects the great concern with
the cost of electric lighting in commercial buildings.

#% Simple direct systems are, as might be expected, the most widely used means of utiliz-
ing the sun’s energy.
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Indirect systems are fairly common for utilising solar heat gain, often integrated with the

space heating system through solar warmed air (redistribution, heat recovery, etc.)

*#
*

Atria are very popular although their energy performance is recognized as "unclear’.

Solar control, natural cooling and shading, is quite widely used even in northern lati-

tudes. The benefit of displacing cooling costs (running and capital) is recognized.

CLIMATE

Figures 1 and 2 show the range of solar radiation and degree day characteristics for the case study

buildings.
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Figure 3 shows the distribution of gross floor

area. About three-quarters of the buildings are
less than S,OOOm2 and are modest enough to be
compatible with natural ventilation and daylight-
ing. Therefore, these are buildings whose perfor-
mance is likely to be determined by the envelope
since they lack a large core separated from the ef-
fects of the climate by a perimeter zone. Conse-
quently, they represent buildings with a signifi-
cant potential for solar displaced fuel use.
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BUILDING COST

igure 4 gives cost data in ECU normalized for floor area. Understandably, comparisons are clouded
by variations in exchange rates and by differing dates for the cost information. Nevertheless the
range 1s very wide, almost 10:1.

CONVERSION TABLE : JULY 1989 (rates per ECU) _
ECU AS FB SFr DM Dkr Pts ItL NOK SEK FIM UK£ CDN$ USS$
1.0 146 433 1.8 21 81 130 1508 7.6 71 4.6 0.7 1.3 1.1

It was considered important theat the case study buildings should be compared with conventional
buildings. Many authors were able to give some indication of typical or reference costs for similar con-
ventjonal buildings, these allow an estimate of the saving for the case study building (a negative sav-
ing means the building cost more than its references). The data are illustrated in figure 5. About 50%
of the sample cost within +/-20% of their reference costs confirming the widely reported view that low
energy commercial buildings can be built for about the same as conventional buildings. The few that
cost substantially more or less than the norm are exceptional as explained in their reports.
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FIG 4 : Construction Cost FIG 5 : % Cost Saving Relative to References

Authors reported that it was usuaily not possible to identifly extra costs associated with the passive solar
features since they were an integral part of the building design and could not be regarded as additive.

ENVELOPE THERMAL PERFORMANCE

Many of the case studies provided an estimate of

the building’s envelope heat loss in Watts/K
(fabric conduction together with infiltration & ven-
tilation) per unit floor area. As might be expected
from the wide range of degree days this parameter
varies greatly, from 0.5 to 6.0, but with about one
half of the sample with values between 1.0 and 2.0
(Figure 6).

HEAT LOSS : W/K/im2

BUILDING NUMBER

FIG 6 : Envelope Heat Loss / Floor Area
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ENERGY USE

Comparisons between buildings are very difficult when the sample has great variation in :

# building type and size,
standard of envelope performance,
HEVAC systems,

hours and types of use,

* Kk k ¥

scale and nature of energy uses for use other than environmental conditioning. Etc.

The analysis of the data supplied has confirmed
that this basic information can provide only limited
insight into the quantitative aspects of energy per-
formance. Nevertheless, it is instructive to look at
the *bottom line” namely the annual total of fuel
entering the building. This has been normalised
for gross floor area and the data are illustrated in
Figure 7. Despite the numerous sources of pertur-
bation in the data, the annual MJ/m2 values span a
limited range with most buildings using between
300 and 800 MJ/m? p.a.

ANNUAL FUEL USE ; Gld/m2

BUILDING NUMBER

FIG 7 : Total Annual Fuel Use /Floor Area

No relationship was found between total building fuel use and apparently significant characteristics
of the building or its location, e.g. degree days, building heat loss coefficients etc. This can be explained
by closer inspection of individual case studies where it is found that the fuel used for environmental
conditioning (e.g. space heating and lighting) has often been reduced to a small percentage of the build-
ing total.

.
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FIG 8 : Frequency of Annual Fuel Use FIG 9: % Fuel Saving Relative to References

More revealing is an analysis of the comparisons made by individual case study authors with fuel
use for similar typical buildings in the same location. Figure 8 compares the two data sets (actual and
reference fuel use), whilst figure 9 presents an analysis of the difference.
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There are 6 cases where the saving is less than 10%. In 4 of these the buildings employ large heated
atria where the energy penalty of this is regarded as acceptable relative to the additional amenity. Of
course, the reference building would not have such an atrium. In another case the building has abnor-
mally high energy use for functions not related to building performance. In the final example, the build-
ing has suffered from its complex hybrid system failing to function correctly.

There are 14 buildings with savings in excess of 50% . The individual case studies reveal that in
these cases special circumstances apply e.g. two are earth sheltered buildings, others have limited hours
of use. The remaining 10 in the sample show energy benefits relative to references of between about
15% and 90% (or 300 to 800 MJ/m )

We should be cautious in interpreting these bald statements of energy saving. For example, authors
generally emphasised that the performance of passive solar features could not be easily identified sep-
arately, since the features were an integral part of the overall building performance. Therefore, not all
of the energy benefit should be ascribed to passive solar features alone. Nevertheless, it does seem that
these buildings constitute a variety of successful low energy designs.

There is no relationship between a building’s cost (relative to cost norms) and its energy perfor-
mance (relative to energy norms) strengthening the view that low energy design is not a significant fac-
tor in dctermlmng the capital cost of a commercial building.

AMENITY

he case studies widely report that the buildings are very well liked by users, and that the potential

disadvantages of climatically responsive buildings occur less frequently than anticipated. If and
when such disadvantages do occur they are usually outweighed by the positive response of occupants
to the admission of large amounts of sunlight. Of course, these buildings usually benefited from a de-
sign team that took considerable care to avoid risks associated with solar gain.

Atria in particular elicit positive responses from users. This is so prominent that the energy saving
potential of such spaces is often negated in the interests of enhanced amenity. For example, in one case
covering a courtyard to form an atrium increased energy use due to extended use of the new space cre-
ated. In another, the fact that the atrium (which functioned as a covered street) remained unheated was
regarded as a severe restriction by the users who were not persuaded by the argument that the unheated
space was superior to an uncovered street.

PRACTICAL ISSUES

nevitably with a sample of innovative buildings there have been some difficulties and problems, but
these then provide useful feedback to designers.

The most common problems were associated with the integration of the building services systems
into the passive solar strategy. This difficulty usually related to manual and automatic controls, a se-
lection of examples includes :

% Attempts to enhance the utilization of solar heating to displace space heating by the inter-
connection of the passive solar feature to the main heating system, were frustrated by
malfunctioning of complex control equipment and strategies. (In one case three heating
seasons were required to properly commission the system)

# An automatic control system intended to reduce the use of electric lighting in response
to enhanced daylight penetration failed to achieve maximum energy savings .
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# The potential energy savings from the buffering effect of an *over-all’ atrium were ne-
gated by an inefficient heating plant for the sheltered parent building.

Unfortunately, this practical experience cannot be satisfactorily generalised or summarised and the
reader is advised to consult the individual case studies. However, the message seems to be that passive
systems should be kept as simple and as passive as possible.

SOME RANDOM COMMENTS AND VIEWS

The following is a selection of comments form the authors of this overview based on their reading of
the Basic Case Studies. Other readers will, inevitably, take something different from their own in-
terpretation of the information and they are encouraged to do so.

055" The use of solar heat gain to displace space heating seems well understood in all its forms
and because there are sufficient examples to show that it is viable in most commercial build-
ings. Because of the high internal heat gains in many commercial buildings it is not possible
to transfer experience with heating of residential buildings to commercial buildings. In par-
ticular, it seems that the passive solar heating concept should be carefully integrated with
the space heating system such that it functions reliably and without undue dependence on
complex controls (manual or automatic).

B2 It is interesting to note that in a few cases where the heating and cooling requirements are
small and infrequent, then the passive solar/low energy design strategy has eliminated the
need to install conventional heating or cooling plant. This provides a substantial cost sav-
ing.

I A high quality, thermally insulated, envelope is one of the most important conditions re-
quired to minimize a buildings requirement for space heating. The impact of the internal
gains will also reduce the demand for space heating. These 2 factors can limit the potential
for solar displaced space heating and in summer can combine with the solar gains and lead
to overheating. The full impact of the heat balance of commercial buildings in terms of the
integrated design of solar heat gain, heating systems, and the prevention of overheating, is
probably not yet widely exploited to optimum advantage. This topic would beneﬁt from
further research and more built examples.

15> The use of daylight to displace electric lighting is of widespread concern now that lighting
costs probably exceed the costs for space heating. However, there is still a dearth of prac-
tical experience, especially in the integration of daylight provision with electric lighting sys-
tems and their controls. There is considerable scope for more work in these areas. How-
ever, as for heating strategies, the effective integration of the passive and active systems ap-
pears to be essential if energy savings are to be maximised. Complex strategies are often
not the most effective.

I Atria are everywhere ! This amazingly popular built form is not very well understood in en-
ergy and environmental terms by researchers or designers, yet its popularity with building
owners and users is such that concern about small energy benefits or penalties is swept aside
in favour of the huge amenity benefit. In this headlong rush for afria it is noted that some
are energy wasteful and that, at the very least, research should inform designers of atria as
to how they can maximise amenity benefits without compromising energy performance. For
example, it does seem that we need an improved understanding of the coupling of the atrium
with the adjacent parent’ spaces, in terms of daylight, heat flows, and ventilation.
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AND - IN CONCLUSION :-

The overall impression after reading these case studies is :

It is possible to design passive solar energy efficient
buildings within conventional constraints that are well
liked by owners, operators and occupants.

inally, the contribution of the owners and designers of these innovative buildings should be
recognized. Without their willingness to extend their knowledge and experience our research
would be much poorer.

DATABUILD, 12/07/89

A. Hildon & A. Seager
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NCIPAL PASSIVE SOLAR FEATURE(S)

BCSNo. TITLE NATIONALITY FUNCTION
1 Tropical Pyramid A sport % ]
2 Anditoires - Ful B assembly # e 8 e
3 School of Tournai education % # E 3 e #e
4 Haas & Partners CH  office # # #
5 Canton Vaud office e F
6 Gumpweisen Sch education * #
7 Rutishauser office #
8 Neuchatel Uni education * #*
9 Penthaz School education E 5 e e
10 Reinach Youth Centre assembly »* * #*
11 Meteolabor industrial e # #
12 Day Care Centre D education e e e
13 ESA Building hotel e * #
14 St. Monika other * #
15 Tegut Building office * ¥ % *
16 Energielabor education # *
17 Zichl-Abegg office ¢
18 Technologie-Zentrum office e
19 Ziiblin-Haus office e
20 Schopfloch K’garten education * * #
21 Time/System DK office #
22 BRF Headquarters office E % e
23 Schoo] in Almeria E education = * * * *
24 School in Guillena education * #e * * # * #*
25 Los Molinos education # * * *
26 Polyspottive sports * #* # *
27 Montefiascone Sch I education #* #
28 Sogeca Office office * # #
29 Enea Bujlding office # e %
30 Technical Uni N education #
31 Dragvoll Uni education #
32 Day Care Centre education # £
33 Solar Dairy office % *
34 Wasa City S other * #* * * *
35 Bodbetjinten office #
36 Skiirholmen other *
37 PI - Group H’quarters SF office * * *
38 Galeway 2 UK  office * # * #* *
39 JEL office * # #* * ¥ *
40 Looe School education #* * e *
41 SSWC office * * % e ¥
42 Ystradgynlais health E * #
43 Netley Abbey Sch education * * * e
44 John Darling Mall other #* # #
45 Caer llan hotel *
46 Victoria Park CDN  office e
47 Solar Laboratory CEC  office * * #
48 Ente D office * # *
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A

Building type:
Sport —centre with

indoor swimming pool
and tropical garden

Passive features:
Solar Heating:
Direct
Daylighting:
Direct

Occupancy date:
1983

Floor area:
Gross -
Heated - 7 450m?

Volume:
Ventilated -~ 100 000

1113

Cost (1983):
AS - 1 200 000 000

ECU - 88 000 000

Annual delivered fuel:
Heat - 41 800 GJ
Elect. - 13 400 GJ

Heat and Elect
- 7 400 MJ/m? gross

Client:
Donau-Finanz, Wien
(owner)

City Club Vienna
(lessee)

Architect
Bruner/Wojnarovski

Enerpgy consultant
Mannesmann Centi Wien

TROPICAL PYRAMID

SUMMARY

The "tropical pyramid” is part of a sport centre
and hotel complex with a 5-star-hotel (471 rooms)
and a conference centre. The pyramid has a square
base and four transparent sides, it covers a
"tropical garden” with palm trees, an artificial
lake, restaurants, small houses built in colonial
style, etec.

The basic philosophy was to create a tropical
landscape in the open air which should look as
natural as possible. The well-known and popular
pyramid is frequented by the hotel guests, club
members and day guests from Vienna and its environs.
It has become an attractive recreational centre for
the demanding guest and an asset for the hotel and
conference centre.

The space and pool water heating as well as the
lighting combine manual and automatic control
(energy management).

The Specific Energy Consumption of the Pyramid and
the outdoor pool which is frequented throughout the
year does of course exceed that of a large,
conventional indoor swimming pool.

PROJECT DESCRIPTICN

The whole complex was designed as a first class
sport and hotel centre. The Pyramid with its
transparent sides gives the quest the impression of
being in the open air, making at the same time the
best use of day-light,

There are almost no overheating problems in summer

since air temperatures up to approximately 30°C can
be tolerated.

-3



The whole complex (pyramid + hotel + conference

centre) is supplied with heat from a nearby central
heating station.

SITE AND T.OCATION

The complex is situated in Vosendorf, approximately
20 km south of Vienna, surrounded by large shopping
centres and small and medium scale industrial
companies, which are spread out over the area with
most of the buildings having one to three floors.

-+ Ambient Air Temperature
=0~ Global Radiation

°C MJ/m2
20 | 750
10 TN 500
oe % AN
=10 ! 0

"JFM AMJJ A SONTD

BUILDING FORM

‘The pyramid has a square base and its four sides

are transparent, It is built on a ground con-

struction, consisting of wvertical walls which are

10 m-high. Parts of the vertical walls are glazed.
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Site data:
Latitude - 48° 10
Altitude - 16° 25

Climate data

Oct. to Apr. inel,
Degree Days: 3 114 Kd
{base 20/12)

Gy 1 348 MI/m?

Annual

Degree Days 3 233 Kd
(base 20/12)

Gg 3 924 MJ/m?

Volume: (m?)

Pyramid
Gross: 100 000
Dimensions:

Floor to ceiling
height in the centre
of the Pyramid: 34 m

Surface areas (m?)

Pyramid

Tropic Garden + Pool
- 7 450

Tropic Pool - 1400

Transparent Roof- 6 700
Sporting Club
total -18 000




U-Values: (W/m? K)
Floor 0.35
Wall (opaque) 0.35
Roof (transparent) -

2.5
Envelope heat loss:
(kW/K)
Pyramid
Transmission - 20
Ventilation - 60

Installed capacity:
Heating + DHW

5000 kwD
Heating (Sauna),
Lighting, Pumps,
Fans, etc. 1 300 kW,1

Design conditions:
Internal air tempera-

ture: 29°C
Tropic Pool (water)
temperature 27°C

Relative Humidity: 65%

1 Tropical Pyramid
2 Temnis courts
13 3 Fitness
4 Restaurant
5,6 Sauna
7 Conference-center

9 Children”s pool

12 1 Restaurant

11 Golf Training Course
and Putting Green

12 Children’s club

13 Restaurant

14 Hotel

i Indoor

BUILDING CONSTRUCTION

The transparent cover consists of a space framework
construction (system WACO) with a two-fold transparent
mantle, made of 4-mm Acryl-elements. The distance
between the outer and inner transparent cover is
2.5 m. The interspace is ventilated.

BUTLDING SERVICES

The whole complex is supplied with heat from a
nearby central heating station (90/70°C), also
supplying a large shopping centre. The heat is
transgorted by two independent heating lines ( 2 x

165 m>/h).

During the heating period both lines are used for
heat transport; in summer one line is used for
cooling purposes. The pyramid itself is heated by
floor- and air heating. Other rooms of the sport
centre have radiators.

A substantial part of the sensible and latent heat
content of the humid air is recovered.

The installed capacity of the entire sport centre is:

Ventilation 1690 kw
Hot Water 403 kW
Heating 1500 kW
Basin Water 1200 kW
Floor Heating 350 kW

8 Outdoor garden & swimming pool



PASSIVE SYSTEMS

On the one hand, the transparent surfaces enable
optimal use of daylight levels and the realisation
of solar heat gains. On the other hand, they cause
high transmission heat losses. Solar heat gains
are registered by temperature sensors and lead to a
lower heating capacity of the air heating.

There are hardly any overheating problems in the
summer since air temperatures up to approximately
30°C can be tolerated.

2,5m

Glazing properties:
Double glazed,
intermediate space
ventilated
u=2,5Wm K

Solar transmission
(Global Radiation): 65%




Building cost (1983):
Pyramid:

AS - 161 000/m? gross
ECU - 11 800/m? gross

Annual fuel use

7.5 GJ/m? gross space
0.56 GJ/m® gross volume
Typical 1large indcor
swimming pool:
Existing: 0.5 - 0.7
MJ/m3

"Best” new: 0.29

Desipgn occupancy:
Pyramid 1 500

Opening hours:
Daily 9am to 12pm

BUTLDING COST

The pyramid is almost unique, it was planned at a
time when - as compared with today - there was
little experience with large passive buildings.
Consequently, it is not significant to compare the
pyramid’s costs with typiecal costs of “similar”
buildings such as sport centers or indoor swimming
pools,

ENERGY PERFORMANCE

District Heat GJ/mt+ Gross
Space Heating
Domestic Hot Water
Pool Water
Cooling
Electricity

HORFROW
00O W o

(Enexrgy consumption of the entire sport centre:
pyramid, outdoor pool, saunas, covered tennis
courts, ete.)

HUMAN FACTORS

The Tropical-Pyramid-Concept turned out to be a
remarkable success. The pyramid and its extensions
have become an attractive and highly accepted
recreational centre. :




CONCIUSTONS

The energy concept reflects the state-of-the-art of
the early 80’s. Although the transparent cover has
a fairly high U-value, it was possible to keep the
energy consumption relatively low thanks to an
efficient energy-management system.

INFORMATION
For information and further details please write to: Report prepared by

\ Kanzlei Dr. Bruck in
Mr. Andre Dossmann Cooperation with
Technical Director of the City Club Vienma Andre Dossman,
Vosendorf City Glub Vienna

Parkallee 2

A-2334 Vienna

Telephone: 43222 69 35 35
Telex: 134 855
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B

Building type :
Education - Assembly

Passive features :
Solar heating :
Direct and Indirect
Daylighting :
Direct

Solar control :
Insulation

Cccupancy date :
October 1986

Floor area :
Gross - 666 m2
Heated - 570 m2

Cost (1986)
FB - 30 400 000
ECU - 760 000

Annual delivered fuel

(1987)

Gas - 388 000 MJ
{measured)

Elect - 282 000 MJ
{estimated)

Gas - 583 MJ/m? gross

Client :
Fondation
Universitaire
Luxembourgeoise

BRrchitect :

Associlation
momentanée:

A. Barbason,

C. Brevers,

Y. Jacques,

Architectes associés

+ J. Godart

Energy consultant :
Econotec, spril

Monitoring :

Team " Energie ™
Fondaticn
Universitaire
Luxembourgeoise

AUDITOIRES - FUL - ARLON

SUMMARY
The " Academique " bullding of the ™ Fondation
Universitaire Luxembourgeoise " is a passive solar

building, of two storeys. A south-oriented glazing-
area and a short-time storage concrete wall are the
typical passive features. The building aims to
filter climate wvariations, providing the occupants
with constant thermal level by means of natural
light and heat. '

PROJECT DESCRIPTION

On the first level, the building includes two
amphitheatres (120 and 80 places) and a central
hall. University lessons and conferences are held
in these rooms. The second level consists of two
meeting-rooms and several offices. The design aims
at a lowered energy consumption. The building is
highly insulated and open to solar radiation ({light
and heat). The building is monitored : external
temperature, solar radiation, rooms and walls
temperature.

-11 -



SITE AND LOCATION

The building is
small town
surface,

{15 000

not far (200 m)

inhabitants)
from & highway.

on

situated in the peripheral of a

a horizontal

The south

facing glazed area is very £favourable to the sun

light.
radiations.
~o—GH -+-External Temp.
°C MT/
m2
20 750

10

-10
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BUILDING FORM

The building has a rectangular
south-oriented wall has
with a maximum height of 9.75 m.

The

hall.
and

some offices

500

250

0

concrete walls and sunspace areas.

[:=Au/x/«,4ffLf»/§;:Z;::______?\f\uﬁxﬁ\/ﬁ=-

Amphi.
12¢

unspace

Hall

amphi.

an
=X4]

e Y]

BRUXELLES

(30 x 14 m)
a trapezoidal
The first lewvel
consists of two amphitheatres enclosing a central

same hall.

! =] b o -
Magring~raorls

1]
v

Flecor plans

There i1is no material oeobstruction to solar

shape.
shape

The second level includes twe meeting rooms
enclosing the
amphitheatres are separated from the glazed area by

The

Level 1

Site data
Latitude 49 .8 N
Altitude 408.8 M
Climate data
Oct. to Apr. inclusive
Degree Days - 3 060
{base 20)
Gy - 1 154 MJ/m?
Actual Sun Hours
634
Actual/Theoretical
0.29
Annual
Degree Days - 3 754
{base 20)
Gy - 3450 MJ/m?
Volume (m3)
Gross - 2 260
Heated - 1 988
Dimensions :

Floor to ceiling height
of 2.3 m

Surface areas : (m2)
Ground floor - 425
Roof - 482
Wall

{excl. windows) - 450
Windows - 154

Window data
Glass area is 66
south facade

o

of

—-12 -




U - values : (W/mZK)
Floor - 0.41
Wall - 0.28
Window :
Glass & Frames-— 3.02
Roof - 0.18
Envelope heat loss :
(kW/K)
Transmission - 1.6
Infiltration and
Ventilation - 0.54

Installed capacity :
Space heating :
Heated Areas- 190 W/m?

Design conditions :
Internal temperature
20°C

Installed capacity
Lighting (offices)
Ceiling - 15 W/m2

LYY

Design conditions :
Lighting (offices)
not specifigd

South North

Cross-section

L o

BUILDING CONSTRUCTION

The structure of the building is composed by load-
bearing masonry walls with an insulating material
(thickness : 12 cms) and a covering material. The
south~faced side is highly glazed. Concrete walls
are situated behind the glazing and have a bearing
function. The north-faced side is insulated and
consists o©of load-bearing concrete walls. The
windows are double glazing with aluminium frame.
The insulating material of walls, roofs and floors
is glass-wool.

BUILDING SERVICES

The rooms are heated by the solar radiation coming
through the glazing. The concrete walls provide
short-term heat storage for amphitheatres, meeting-
rooms and offices., During cloudy days, heat is
provided by an auxiliary gas-fired boiler. In case
of overheating or pollution, ventilation is
activated in amphitheatres and meeting-rooms.

No computer control is provided.

l I

\

Radiators
Air extygaction, ” ir exgraction
- . o'
searm— /T —— Cl
Level 1 . Boiler
b, —

H

v
1
Pulsion gro@:‘ﬂ _J —

prs ators
I P.,.;Lr ext,;;action,_ I __: - -~ P .
? & rJ (
;(;:E'— ’ =T
Level 2
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PASSIVE SYSTEMS

The sun is collected by the south-facing glazed
area and accumulated in the narrow sunspaces. The
heat is transmitted by natural convection to the
walls, conducted within these walls and then
distributed in the rooms by natural convection and
radiation. The floor and wall building materials
have a high thermal inertia. The high insulation
jevel lowers heat losses. The south-faced area can
be insulated by means of roller blinds.

. D)

bR Y

I

‘Winter night : insulation
of the glazing and c¢lesing
of ventilation

Z 2 S

Y

F I T T T TH I T T TTTEITES

Winter day : ventilation
for hygienic and energy
distribution

R LY
T

AT R
3

S ITTITITITTE LIS ITIIITS

P AL TT IS LTI TILTLS

Summer day : ventilation Summer night : ventilation
and optional closing of
shutters

COSTS

The building cost is
FB 30 400 000

The cost of passive systems is
FB 5 800 000
(sunspaces, storage walls)

It's very difficult to distinguish between passive
systems and non-passive systems as the whole
building design is depending on the passive solar
architecture. :

ENERGY PERFORMANCE

Calculated energy consumption  (heating) :
332 000 MJ

Measured energy consumption (heating) :
388 000 MJ

The measured energy figure covers the first year of
occupation. During this perioed, an additional
amount of energy nas been used in order to dry the
building structure.

Glazing properties
Double glazed, argon
filled

(12 mm) U = 3.0 W/m2K

Concrete storage walls:
Volume - 40 3
Thickness - 0,25 m

Roller blinds

Set - 6 pm to 8 am
Removed — 8 am to 6 pm

Building cost {1985)

FB - 45 680/m2
gross

ECU - 1.981 210/m2
gross

Typical cost (1983) :
FB 30 000/m?
- FB 40 000/m2

Annual fuel use:
(MJ/m2)
583 {gross space)
681 {heated space}
380 {(ref building)

Fuel costs (1987)
Gas - FB 0.214/MJ
Elect. (average)

- FB 1.009/MJ

—-14 -




Design occupancy :
Permanent - 5
Students - 100

Functions :.
Management
Administrative
Students

12.5 m? office
space/person
1.5m2 classroom
space/student

Working hours :
08.00 to 18.00 hours

FUEL TYRE FPUNCIION DELIVERXID TOTAL YURL [/ M2
EEATED TFLOOR AREA
Gas Space heating ase 417 MY €81 MJI/m2
Gas All 388 417 MI €81 KIY/m2Z
Electricity Lighting not measurad -
Electricity Water heating not measured -
Electricity A1l 282,000 lest.) 495 HI/m2 {est.)
Gas + Electricity Al 670.417 (est.) 1.176 HI/m2 (est.)

HUMAN FACTORS

The designer's aim was to ensure occupants'comfort,
using natural energy. In an ideal realisation, the
people in the building would be insulated from the
variations of the c¢limate. The main problem
occuring in this building is the overheating during
warm days. The external protection does not please
the inhabitants because of the suppression of
natural daylighting. Some other possible actions
may be necessary (ventilation for example) to
provide better comfort to the occupants.

A Toilets ]

Lessons Lessons
4h / day Hall 4h / day

Unoccupied Unaoccupied f

Level 1

)

Technical

Hall L

L1 -
o n b

Meetings &

D

bccasional gh| / day

\Pm Unde up;}/ﬂ

Level 2

Rooms occupancy
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CONCLUSIONS

The building's concept appears very successful as
far as the amphitheatres are concerned. The thermal
balance is zreached despite climate wvariations and
these rooms are very well day-lighted thanks to the
openings in the storage walls. At the second level,
the meeting-rooms and the co¢ffices are overheated
during warm summer days. A mechanical ventilation

system present in amphitheatres and meeting-rooms,.

but not in the offices is useful to insure comfort
to the occupants.

It 1s difficult to make firm conclusions about
energy consumption because the building has been
occupied only for a short time.

The indirect gain part
of the building is
efficient both at the
heating and daylighting
viewpoints.

The direct gain part is
subject to overheating.

Report prepared by
Fondation Universitaire
Luxembourgecise

Team " Energie "

rue des Déportés, 140
6700 ARLON

Belgium

Tél. : 063/22.03.80
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Building type :
Education

Passive features :
Daylighting :
- direct
- indirect
Solar heating :
— direct
-~ indirect
Solar control :
- shading

Date of occupation :
September '85

Gross floor area :
2635 m*

Heated floor area :
1720 m*

Capital cost (1985)
approximately
75.000.000,-FB
(1.875.000 Ecus)

Measured Annual Fuel
Use : (all functions)
890424 M3/2635 m* gross
floor = 338 MJ1/m?

Client :

Minist2zre de 1'Educa-
tion Nationale, Fonds
des Batiments Scolaires
de 1'Etat (FBSE).
Design team :

F.B.5.E. - Centre d'é-
tudes et de recherches
J. Wilfart et al.
Energy consultant :
Bluth, Clerdent  and
Alsteen.

Monitoring agents :
Centre de Recherches en
Architecture de 1'Uni-
versité Catholique de
Louvain.

L

THE SCHOOL OF TOURNAI

SUMMARY

The design of the new primary school of Tournai is
based on the use of solar energy without sophisti-
cate equipment.

The climatic design is represented by the compact
form of the three storey building, the buffer
spaces at the North, a succession of greenhouses-
buffers in front of the classrooms and a big
central glass-roof.

The interior organisatien invites the occupants to
re-establish a seasonal nomadism. So the periphe-
ral spaces will have a fluctuating occupancy
according to the exterior temperature.

All these concepts aim to increase the sensitivity
of the students to the climatic problem.

PROJECT DESCRIPTION

The project consisted of the construction of a
school for children 5 - 12 years old. There are
about 250 kids in groups of 25.

The school is compesed of classrooms with diffe-
renciated spaces, workrooms, a library, a polyva-
Ient hall, administrative and service rooms. (An
important aspect is the behaviour of the children
in relation with the pedagogy and the climatic
aspects). The school has been monitored : internal .
and external climate, system, storage, occultation
periods ... (about 150 measurement points).

—-17 -



SITE AND LOCATION

The isolated building is in the centre of a small
town.

The school is in the middle of a small block of
houses and is protected against noise from adja-
cent streets but it is connected with all of
them. The building is protected from winds and is
favourably arranged with respect to sunlight.

—o— Gy —+—External temp.

‘c MJ!
me
TOURNAI 2 750
® _'_/"""'4»\
BRUXELLES / "'\
10 /+/‘°--.. '+ 500

NS

-10
JFMAMIJ JASOND

BUILDING FORM

The school is composed of two groups of class-
rooms (left part and right part}.

These two wings enclose the library located in
the great central sunspace. The two parts are
protected from the exterior by buffer-spaces
greenhouses at south, service rooms at north.

CLASSROOM

‘—"T—ll' ‘ ) o CLASSROOM
——]
| I

N/~ . .0 5m

.

Distribution of the walls and roof according to
the orientations (the solar collectors are inclu-
sived in the windows areas).

N-E N N-W W 5-W 5 5-E E m* 1

?;ng:iframe) 28.3! 13.6| 36.6 |26.2| 47 |[551.5|26.9|al.8 | 771.9 |38.6

opaque walls ([171.7/344,.5(100.2 |14.7(201.2 | 2B1.6 | 16.2 | 96.6 |1226.7 | 61.4

Glazed area (without frame and solar colleétors)
is 549 m® or 27.5% of the roof and walls area.

_18.“

Site data :
Latitude - 50°38'N
Altitude - 20m

Climate data :

{(oct. to apr. inclusive)

- Heating degree days
(20°C base) : 3060

- Global horizontal so-
lar irradiation (unob-
structed horizon)
1154 M3/m?

- Total actwual sun hours
634h

- Ratio of actual to
theoretical sun hours
0.285

Annual degree days (20°C
base) : 3754

Gy - 3450 MJ/m2

Volume : (m*)

gross : 7885

heated : 5553
sunspaces : 774
north-buffer : 1558

Dimensions :
The mean floor to cei-
ling height : 3 m

Surface areas : (m?)

- opaque walls : 1227 m?
- glazed area : 772 m?

- ground area : 1095 m?




U-values :

walls = 0.36 W/(m?*K)
roofs = 0.19 W/(m?*K)
floors = 1.0 W/(m?K)

windows = 1.6 W/(m?K)

Envelope heat loss
(kW/°K)
Transmission:3.15 kW/°K
Infiltration:1.5 kW/°K

Installed capacity :
Space heating
Heated Areas - 93 W/m?

Design conditions :
Internal temperature :
200C

BUILDING CONSTRUCTION

The structure of the building is composed of load-
bearing concrete blocks walls with a wooden frame.
The floor is covered with black stone tiles in the
greenhouses and with baked-clay tiles in the
classrooms.

The openable windows are double "low emissivity"
with wooden frames except the sunspaces wich are
single glazing with steel frame. The exterior
walls, the roofs and the floors are insulated with
glass-wool.

BUILDING SERVICES

Auxiliary heating is provided by a warm-air hea-
ting system. Air is heated in the 143 m? south
facing solar collectors on the roof, and if
necessary, further heated by the four gas-fired
boilers.

On warm days, if the building requires no heating,
the heat from the collectors is stored into a 49m’
pebble store for the east wing and in a 4m® water
storage for the west wing.

The warm air circulates through cavities in the
internal central double wall and in the precast
concrete slabs before reaching the outlets. Hence,
heat is radiated from the walls and floors as well
as being supplied as warm air. The whole heating
system is micro-processor controlled.

Some examples of functioning of the heating sys-
tem, under varilous winter conditions.

Heat is needed, the sun is not shining.
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Heat is needed, the sun shines a bit, the rock
bed temperature is high.

Heat is needed, the sun is shining, the solar
collector air is sufficiently high for heating.

On warm days, if the building requires no

heating, the heat from the collectors is stored

into the rock bed.

PASSIVE SYSTEMS

The sun is collected by the central and the small
classroom sunspaces. lhe spaces have been orga-
nised in order to allow a good penetration of the
gun rays.

The floor building-materials have been chosen in
order to have a high thermal inertia.

The great central sunspace can be shaded by

external roller blinds. The small sunspaces act

also as buffer-spaces for the classrooms.
There are a rock bed storage and a water storage
for the active system.

_20_

Volume of the sunspaces
774 m?

Volume of the rock bed
storage : 49 m® (78400
kg)

Volume of the water sto-
rage : 4 m’




Glazing properties :
The windows of the
sunspaces are single
glazed,

U=5.8W/(m?K)
Daylight trans. = 90%
Solar trans. = 80%

The other windows are
double glazed, low
emissivity, argon filled,
U=1.6 W (mK)

Daylight trans. = 69%
Soclar trans. = 59%

Building cost/m*® gross
floor area : 28460FB/m?
(711 Ecus/m?).

Building cost/m?® gross
floor area for similar
more conventional buil-
dings : 26000FB/m? (650
Ecus/m®).

Space heating
demand

30.3%
PASSIVE
SOLAR

INCIDENTAL
GAINS 43.9%

AUXILIARY
HEATING

Annual fuel use
(all functions)

[G] as

[E] eLectricity

For the school of
Tournai, fuel use per
m? heated floor area
(for space heating and
pulsing and extracting
groups) : 497 MJ/(m*)pa.
For reference building
fuel use per m® heated
floor area: 862 MJ1/(m?)

pa

The gas cost is :
0.3558FB/MJ (1986)

COSTS

The building cost is approximately 75.000.000 FB
(1875000 Ecus), it is about 15% higher than typi-
cal school building costs (sunspaces, solar
collector, storages, black stone, cavities in the
internal central double wall).

ENERGY PERFORMANCE

The space heating demand is 960300 MJ pa

. 1ncidental gains : 47173 MJ pa

. passive solar gains : 290830 MJ pa

. active solar system : 200710 MJ pa

. auxiliary heating : 421587 MJ pa
The auxiliary fuel used for space heating is
603351 MJ pa (the efficiency =0.7).

FUEL FUNCTION DELIVERED FUEL / M2
TYPE TOTAL heated floor | gross floor
ares , area
Ml pa M3/(m?)pa Ml/(m?)pa
gaz space heating | 603351 350.8 229.0
electr.|pulsing and 251990 146.5 . 95.6
extracting
groups .
electr.|lighting 35973 © 20,9 13.65
SCHOOLS (%)
'
%o
% %P
98% :
11% 12“23;b7gp£305%

T T T 1 T T i T .1
56 124 190 259 326 394 461 529 596 664
| fuei oil fheated m2

MHiyeloil = 35.8 MJ,

Statistics of space heating fuel use of Belgian
schools.
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HUMAN FACTORS

The school offers the children and the teachers
direct experience with energy problems. But 2-3
years will be necessary to induce an eneray cons-
cious behaviour because of the diversity of the
possible actions (opening or closina of the door
between the sunspace and the classroom, period of
heat storage in water or rock bed, closing of the
roller blinds of the central sunspace, ventila-
tion of the greenhouse, seasonal nomadism ...).

20°C

Zones of occupancy according to the outside
temperature.

CONCLUSTIONS

The school's concepts are very interesting with
regard to the intermal organisation, the energy
performance and the will to sensitize the kids to
climatic problems.

It is difficult to make firm conclusions about
the energy performances of the building since the
school "has been occupied only one year and the
teachers and the children are not familiar with
an enerqy conscilous behaviour. Nevertheless, the
space heating fuel consumption is low (497MJ/{m?)
pa compared with other Belgium schools (862
MJ/(m?) pa.

Bn the basis of the results and analyses, a lot
of recommendations will be established for the
refurbishment and design of schools in Belgium.

INFORMATION

Université Catholique de Louvain
Centre de Recherches en Architecture
Cellule Architecture et Climat
Batiment Vinci - 1 Place du Levant
1348 Louvain-la-Neuve - Belgique
Tél. 010/47.21.39 - 47.22.23

Télex : UCL-B n® 59037

Fax : 010/45.03.45

_22—

Number of persons 250

children in groups of 25.

Area per child :

10,5 m*/child

Normal working

hours : 8h3D 16h

Holidays : July - August
15 days at Christmas
15 days at Easter

Space heating consump-
tion is much lower than
ordinary schools.

The school will provide
children with an energy
conscious education.
There are some initial
difficulties in learning
the right operating
mode.

The project. is a good
source of information.




(CH) SWITZERLAND

BCS No. Building Title

4 HAAS & PARTNERS OFFICES

S CANTON VAUD ARCHIVES

6 GUMPENWIESEN SCHOOL

7 RUTISHAUSER DATA OFFICES

8 NEUCHATEL UNIVERSITY

9 PENTHAZ SCHOOL

10 REINACH YOUTH CENTRE

1 METEOLABOR LABORATORIES
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CANTON VAUD ARCHIVES
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DETAIL OF THE SOLAR SYSTEM
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ROLL BLIND

ASBESTOS, CEMENT PANEL

METAL LA;;\;}N@L

WHITE CONCRETE ,///
LBAVERS

RADIATING HEAT
FROM ROCKBED

COSTS

Relative to the building cost,

seems expensive. However,

the solar system
when the structure is

compared with conventionally heated offices. the
combined capital cost and energy cost per m” are

most reasonable,

Building cost (1981}:
SFr 410 000 :
ECU 240 000

SFr 1 822/m2
ECU 1 069/m2

Typical cost
SFr 1 500 - 1 800/m2

Cost of Solar System:
SFr 86 000
ECU 50 500
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SITE AND LOCATION

—o-GH —+-External Temp.
e MJ/
m 2
2 750
7
N
1 7 \\+ 500
A \
or;/ \:250
~10 0

JONA

The building is situated in the residential area of

a small town on a south
obstruction,

BUILDING FORM

The one story building

slope.

, with 213 m’

There is no solar
Due to morning fog in the winter the
solar facade was oriented 10° west from south,

of usupable

floor area has an elongated axis running east/west.
A row of offices occurs along the windows. A screen
of cabinets separates a rear zone of supporting
spaces (a meeting room, archives, kitchenette and

toilets).

ing leads to a natural thermal =zoning:
°C, supporting spaces 18 °C,

earth 4-10

This simple and functional spatial =zon-
offices 20
OC.

The

2.4 m ceiling height of the rear spaces rises to

3.0 m at the facade accomodating tall windows.

S B

I_O OJ U SUPPORTI

SPACES .
EBEEEE

N

oo - OFFICES

i B
BRILD

?o‘HHoHFL

-y

2N

I

“5TRFCT GAIN Wl
(1}
%»4

W

WOOW

10M

AN

Gross 1 180

Site data:
Latitude
Altitude

47°15" N
500 m

Climate data:

Oct. to April inclusive
Degree Days (base 20°C)

3 560
GH 1 375 MJ/m2
Actual Sun Hours 643

‘Actual /Theoretical 0.29

Annual
Degree Days (base 20°C)
4 480

Volume:
m3

Heated 771 m3

Floor area:

Gross 225
Heated 213

m2
m2

Number of levels:
1

Window area:

South 41 m2
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OFFICES EXCHANGE

. T RockeED uj‘f

BUTLDING CONSTRUCTION

A

U-values: All the structural elements of the building are
(W/m2K) reinforced concrete with 12 cm insultation outside
Roof 0.21 the walls and roof and 20 cm enclosing the rockbed.
Walls 0.23
Floor ' 0.17 ,
Windows day 1.60 BUILDING SERVICES

night 0.35

The building is heated by radiation from a floor
slab above a rockbed, The thermal mass of the
building dampens fluctuctions in temperatures.
During December, January, and February auxiliary
heat is distributed via radiators. Undesirable
solar gain is cut off from work places by slatted
roll blinds within the windows. Two casement
windows per office permit ventilation and cooling.
For the rear supporting spaces without outside
access, ventilation is provided through slits above
and below the partition cabinets. Minimal fan-
forced ventilation is also available, A high glaz-
ing band at the top of the partitions allows a
sense of natural lighting in the rear zone.

PASSTVE SYSTEM

The hybrid solar system consists of 41 m® of direct
gain widows with movable §nsu1ating panels and an
underfloor rockbed of 60 m~. The air is warmed to
54 °C by the collector, then fan-forced to and
through the rockbed in a closed loop. The collec-
tor performance is enhanced by several features.
White asbestos cement panels and concrete pavers
reflect sunlight onto the collector to increase

Collector window: gain., The absorbers are black metal lath panels,
Glazing area 41 m2 inserted from September until April. A slatted

roll blind serves as a movable absorber in the
Storage: upper part of the facade. It has a bright side for
Volume Rockbed 60 m3 reflection and a dark side for solar absorption,

Thermal mass 80 kWh/K according to need. '
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CH

Building type:
Offices

Passive solar features:
Direct daylighting
Indirect thermal gain
Natural cooling

QOccupancy date:
1981

Floor area:
Gross 225 m2
Heated 213 m2

Cost (1981):
SFr 410 000

ECU 240 00O

Annual .delivered fuel:
(1982/83)

Electrical 70 MJI/m2
C0il - 52 MJ/m2

Site energy 122 MJ/m2

Client, Project Planer
and Monitoring:
Kurt Haas

Architectural design:
Beat Ernst

HAAS & PARTNERS OFFICES

SUMMARY

The office building of Haas + Partners, Engineers
in Jona (SG) is earth-sheltered and solar heated.
The roof and facades to the north and west are
earth-sheltered. The spatial layout permits natu-
ral thermal zoning. The south facade has fixed and
movable absorber and insultation panels to adapt to
different climatic conditions. The office building
is claimed to have the lowest auxiliary heating
requirement in Switzerland.

PROJECT DESCRIPTION

The client aimed for a scheme which integrated
functional and low energy requirements and which
could be adjusted to adapt to changing climatic
conditions, An IFA BSclar Task XI ‘monitoring pro-
ject with ca. 40 measurement stations will provide
data on the building performance as a passive sys—
tem in 1987/88 and as a hybrid system 1988/89. The
benefit of the earth sheltering is also a main
theme of investigation.
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Annual fuel use 1982/83:

(MJ/m2)
Heating
Lighting
Ventilator
Hot water

Site energy

Typical existing
Office building

52
58
7
5

122

750

Erfscidfnnd

ENERGY PERFORMANCE

The Haas + Partner office building has a very
favourable energy balance. The earth covering as
well as moveable insulation at the windows minimize
heat loss. As result of the solar and conservation
features, the building requires only 10 percent of
the heating energy of a conventional building. The
heating load is covered as follows:

— 58 percent by solar energy

— 31 percent by lighting and persons

-~ 11 percent by an oil-fired furnace
(231 Kg of o0il and 322 KWh ventilator)-

— 20—




10 000 9 MJ MEASURED FUEL USE CONSUMPTION 1l%
8 000 +
6 000 4 e 4
'4
4
4 000 A SOLAR 58%
E
2 000 it T . ez
g i
4 LIGHTING & PERSONS 31% f
0 i 1! 4
Als|oc|N|D|Ig|FP|ula |M J|J GROSS HEATING LOAD

HUMAN FACTORS

The building with its integrated control elements
is very user-friendly. Natural light and natural
ventilation can be adjusted individually in each
office. The enclosing earth creates a perceptible
and agreeable feeling of shelter and protection.
The design requires occupants to participate in the
seasonal and daily adjustment of the building to
the ambient conditions.

CONCLUSIONS

According to the client, the building has the low-
est auxiliary energy requirement in Switzerland.
The solar system, with only one ventilator, runs
without any problems. DBetter solar protection is
needed. The insulation (3 cm) above the rockbed
should have been thicker to slow the rate of heat
release and increase the effectiveness of the
thermal storage.

INFORMATTION

Haas & Partners AG, CH-8645 Jomna, provided this
information.

Publications:

Haas K., 1984: "Erdbedecktes Biirohaus mit Cham#le-
on-Fassade und Gerdllspeicher", Sonnenenergie No.
3, Postfach, CH-8050 Ziirich.

Schifer U, and S., 1983: "Passive und hybride
Sonnenenergie-Nutzung in der Schweiz", Infosolar,
CH-5200 Brugg.

Hastings S.R., 1986: "IEA Task VIII - Passive Solar
Buildings in Switzerland", EMPA, CH-8600 Diibendorf.

Number of occupants:

8

Space per person:

26,63 m2

Time of oqccupancy:

Working hours
{about 43 hours/week)

Lowest heating require-
ment in Switzerland

Solar protection needs
improvement

Report prepared by:

Pinna/Schwarzenbach/
Siisstrunk Architekten
Schifflénde 22

CH-8703 Erlenbach-Ziirich
Tel, 01/910.55.45

_30__




CH

CANTON VAUD ARCHIVES

Building type:
Offices

Passive solar features:
Direct daylighting
Direct thermal gain

Occupancy date:
1985

Floor area:
Useable 9 377 m2

Cost (1985):
"SFr 15 071 000
ECU 8 839 000

Annual delivered fuel:

{1985/86)

Electrical 6 MJ/m2
Gas 130 MJ/m2
Site energy 126 MJ/m2

Client:
Canton de Vaud

Architects:
Atelier Cube

Energy consultant and
Service engineer:
Lucien Keller

SUMMARY

The public records complex of the Canton Vaud in
Chavannes is comprised of two building parts with
quite different uses and thermal requirements. The
public and administration spaces are orientated
towards southwest while the archives are situated
to the northeast because a constant room climate
(temperature and humidity) is extremely important
for the opreservation of documents. Minimized
energy use was obtained by optimum thermal insula-
tion, well suited passive solar features, and good
energetic and exergetic efficiency of the building
services, These services include four heat and
power generators, one heat pump, a water heat
storage tank and 16.5 m’ of solar collectors. The
comprehensive energy concept evolved out of an
economic analysis of several variations.

PROJECT DESCRTPTION

The design and energy concept were selected by a
competition. Decisive were the quality of archi-
tecture and the simple solar features. The
economics of energy saving measures were continu-
ously checked relative to the value of fuel
savings., The hvac system is regulated by a
computer which also provides energy balances,
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SITE AND LOCATION

The ©building 1is

situated

CHAVANNES

on the outskirts

of

Lausanne in an area of dispersed buildings of mixed

uses, The large

BUILDING FORM

unobstructed
permitted a wide choice of designs.

land

parcel

Due to morning
fog the offices are orientated towards southwest.

The two distinct functional areas of the building
complex are evident in the architectural design.

1. To the

south are

the "occupied"

Sspaces:

distribution and classification of documents on the

ground level,

reading-rooms on the middle Ilevel,

and administrative offices on the upper 1level.

2. The archives,

placed to the north,

consist

of

three shifted volumes containing a total of 23

square compart-ments on four levels.

arrangement allows easy future expansion.

N || coom-

This spatial

"

]

=

Fll
o 0Dl
e

ARCHIVES

ADMINISTRATION

Site data:
Latitude
Altitude

46°32" N
398 m

Climate data:
Oct. to April inclusive
Degree Days (base 20°C)
3 330
GH 1 548 MJ/m2
Actual Sun Hours 637
Actual/Theoretical 0.33
Annual
Degree Days (base 20°C)
4 000

~ Volume:

Gross 38 020 m3

Floor area:

Gross 9 377 m2

Number of levéls:

South/Southwest

3 + basement

Window area:
295 m2
31% of facade
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U-values:
(W/m2K)
Roof

Walls Offices
Archives
Windows South
N,E,W

0.44

1

Installed capacities:

Heat/Power Modules .
b x 41
4 x 15

thermal

electrical
Water storage

Collector area

10

46

0.26
2.
.80

80

kW
kW

m3

16.5 m2

[o9]

[os]

TRy
n READING - ROOM
e e

0 10 20M

BUTLDING CONSTRUCTION

All structural elements, including the modular
ceilings of the archives, are reinforced concrete.
The curtain wall of the offices is lacquered
aluminium. The external skin of the archives is
coloured concrete block. All windows have double
glazing. Continuous polyurethane insulates the
archives which are kept at 15°, The offices (kept
at 20°) are insulated with 8 cm of polystyreme in
the curtain walls and 14 cm on the roof.

BUTLDING SERVICES

The heating system includes four Totem (total
energy module) heat/power generators and a two
stage heat pump. Solar collectors provide service
hot water. A boiler provides heat storage for
surplus energy from the solar system and permits
the heat/power generators to run during off-peak
hours. Room heating occurs by radiators. A
mimimal ventilation system provides fresh air for
the archives, offices are naturally ventilated,
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Building cost (1985):
SFr 15 071 Q00
ECU 8 839 000

SFr 1 607/m2
ECU  943/m2

Typical cost '
SFr 1 500 - 1 800/m2

LLR R TSI

PASSIVE SYSTEM

The solar concept is comprised of a few fundamental
passive solar features with minimally heated rooms
requiring only intermittent lighting. Rooms for
human activities are on_ the south side, the
archives are situated to the north. Massive walls
and floors help reduce temperature swings.
Exterior insulation and glazing areas, carefully
sized to heating needs, reduce the risk of
overheating. In the summer undesirable solar
penetration is cut off by the precisely calculated
projections on the south side of the building.

COSTS

In spite of the bold architectural design and
building service systems, capital costs were not
unreasonable, Continuous economy checks during
planning have been rewarded by the low running
costs of the systems. The added expense of the
thermal insulation will be amortized in 20 years.
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Efd INTERNAL GAINS

N
Ny PASSIVE SCLAR GAINS
ACTIVE SOLAR GAINS

MEASURED ENERGY BALANCE 1985/86

MJ | @ ELECTRICAL ENERGY
FUEL
200'000 _ - S

7
R

|mBERNNNNNNG

ENERGY PERFORMANCE

During the reported period imperfections of the
control system appeared and numerous adjustments
were made, “Although the building is only partly
solar, the energy balances show the importance of
the passive gains.

CONCLUSIONS

According to the design team, the objective of
minimal primary energy use was achieved and the
building performs as expected. The COP of the heat
pump - is circa 3.5. Problems, however, occur
regarding the extraction of heat from the exhaust
from the motors for the electric generators. This
is being further studied. The client has provided
funds +to monitor the building and systems.
Detailed measuring is presently underway.

INFORMATION

L. Keller, Bureau d‘étﬁdes, CH-1171 Lavigny, and
the architects provided the information and data
for this report (photos by J.-F. Luy).

Publications:

Keller L., Vogel P., Colldmb M., Collomb G., 1986,
"Archives Cantonales Vaudoises", 'Schweizer Ingen-
ieur und Architekt No. 43, CH-8021 Ziirich.

Annual fuel use 1985/86:

(MJ/m2)

Heating 111
Lighting/Electrical 30
Hot water 1
Site energy 142

Typical existing
office building 750

The building layout is
logical for energy
conservation and the
lighting and mechanical
systems are well inte—
grated into the overall
concept

Report prepared by:
Pinna/Schwarzenbach/
Siisstrunk Architekten
Schifflinde 22

CH-8703 Erlenbach-Ziirich
Tel. 01/910.55.45
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Building type:
Education

Passive solar features:
Direct daylighting
Indirect thermal gain

Occupancy date:
April 1984

Floor area:
Heated 2 470 m2

Cost (1984):
SFr 4 436 000
ECU 2 602 000

Annual delivered fuel:
(1986/87)

Electrical . 105 MJ/m2
0il - 78 MJ/m2

Site energy 183 MJ/m2

Client:
Municipality of
Dielsdorf

Architect:
Rolf Liithi

Energy consultant: -
Bruno Wick

Monitoring:
EMPA-Bauphysik

GUMPENWIESEN SCHOOL

SUMMARY

The school building Gumpenwiesen in Dielsdorf (ZH)
has an annual heating energy consumption of 115
MI/m*, less than a fourth of that of a comparable
conventional school. Orientation, inner spatial
zoning and the envelope of the building are adapted
to passive solar principles. The building shape
and the attached gymnasium are elongated on an
east/west axis. There are hardly any openings
towards north and the large roof gives optimal
protection against north an east winds. The south
facade is covered by a veranda which can be closed
by 22 movable glass doors. Passive solar gains and
heat recovery from exhaust air meet 55 percent of
the heating load., The mechanical ventilation is
regulated by the teachers. Through 1988 the build-
ing was monitored in detail as part of a national
research programme, Detailed results are available
in the final report.

PROJECT DESCRIPTION

The scheme for the building was chosen by an archi-~
tectural competition. The client demanded an envi-
ronmentally friendly energy concept. In addition
all of the usual requirements for school buildings
had to be fulfilled (functional, saftey, hygiene,
and comfort aspects). During the first measuring
period particular attention was given to the fresh
air quality.
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SITE AND LOCATION

\+2so
.

DIELSDORF

The building is situated on the border of - a
village. A small forest bounds the school grounds
westward, - otherwise the building is exposed. A
nearby international airport necessitates . the
windows being closed to shut out the noise.

BUILDING FORM

The. two blocks of classrooms and gymnasium are

distributed over two and three storeys -and are
orientated to the south,

(biological garden).
large,
permitting thermal =zoning.

——
=

% gilv o ‘,j‘}% ?ﬁ,’j}f’;‘
] PLAY GROUND o

overlooking .a biotope

The supporting spaces and the
open break hall occur. on the north side,

Outside on the north
gide are the noisy playgrounds.

.

s

4

1

GYMNASIUM

10 .

= N
yﬂ%w?ﬁdwﬁﬂj%

200

Gross

Site data:
Latitude
Altitude

47°28" N
439 m

Climate data:
Oct. to April inclusive
Degree Days (base 20°C)

3 060
GH 1 429 MI/m2
Actual Sun Hours 643 .

Actual /Theoretical 0,25

Annual
Degree-Days (base 20°C)
3 610

Volume:
13 890 m3

Floor Area:

Heated 2 479 m2

Number of levels:

2 and 3

Window area:

South 450 m2
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Installed capacities:
0il Heat
Heat Pump

7 and 21

2 x 35 kW

kW

PASSIVE COOLING IN SUMMER

VENTILATED

> 45‘

- ol (1

, "-4429%“ ,
ﬁﬂWé@ iE%%ﬁ%ﬁll

e LY

BUILDING CONSTRUCTION

The massive building construction reduces tempera-
ture swings. By request of the client, natural
materials were chosen when possible (facebrick
walls and lamenated wooden beam roof construction).
The external walls are cavity wall construction
with 10 cm of thermal insulation. The ceilings are
reinforced concrete. The veranda facade is metal
frame, floors here are also reinforced concrete.

BUTLDING SERVICES

Bivalent heating is provided by two air/water heat-
pumps and two oil-fired furaces. The low powered
heatpump extracts heat from the exhaust air of ven-
tilation system, the other heatpump is coupled to
outdoor air. The rooms are heated by a floor heat-
ing system. Service hot water is preheated by the
space heating system. Fresh air is- distributed by
mechanical ventilation. Exhaust air and internal
waste heat are vented through adjustable slits to
the veranda and then to the heat-exchanger/heatpump
in the attic.

R :
l

WCs &=

#1 i 1

BREAK HALL

HETI‘ EMPH !l%rz

. 8 8
e ERANDA VERENDA
L] L L) L
4 CLASS 6 CLASS
ROOMS ROOMS

o i of

AIR SYSTEM WITH HEAT RECOVERY SYSTEM
(PLATE HEAT EXCHANGE-EXHAUST AIR HEAT PUMP)
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CONVECTIVE COOLING
1°C IN 1lH

SOLAR HEATING IN WINTER

ENVIRONMENT HEAT

PASSIVE SYSTEM

The main elements of the solar system are the
glazed verandas which act as collectors and thermal
buffers for principal spaces. Operable windows on
the side fagades as well openable skylights in the
roof reduce overheating during spring and fall,
Massive ceilings provide thermal inertia.

COSTS

The planning costs were high, but overall expendi-
tures have been most favourable, The additional

costs for the solar system are partially offset by
annual fuel savings of SFr. 6,000, Provided that
energy prices remain stable, the additional capital
costs should be amortized within 15 years.

Veranda:

Glazing area 450 m2

Building cost (1984):
SFr 4 436 000
ECU 2 602 000

SFr 1 700/m2
ECU 1 000/m2

Typical cost
SFr 1 200 - 1 500/m2

Cost of Passive System:

SFr 55 000
ECU 32 300
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Annual fuel use 1986/87:
(MJ/m2)

Heating 115
Lighting/FElectrical 57
Hot water 11
Site energy 183

Typical existing
Education building 750

Number of occupants:
Variable

Time of occﬁbancy:
8 a.m. to 6 p.m,
on school days

ENERGY PERFORMANCE

The monitored annual energy use of 183 MJ/m® in
1986/87 was far below the calculated 207 MJ/m*.
The main reason was that hot water consumption was
overestimated. The predicted maximum consumption
of 5000 1 of fuel oil was realistic as were also
the predicted energy flows divided as follows:

— 29 percent environmental energy
21 percent heat recovery

20 percent electrical energy
30 percent fuel oil

The energy requirement for artificial lighting is
modest because classrooms face to the south.

HUMAN FACTORS

The air quality and the controlled ventilation sys-
tem of the school building were given particalur
attention during the first measuring period. The
observed level of CO2 concentration occasionally
exceeded allowable levels because not enough fresh
air could be supplied. The classroom air quality
has been improved by carefully adjusting the system
to the room usage.
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CONCLUSIONS

This example demonstates that such a solar system
can effectively fulfill the functional and psycho-
logical requirements of school buildings. The
experience to date has been very positive. The
energy saving goals were surpassed. Even at out-
door temperatures of 0 °C there is no need to run
the floor heating system. Internal and passive
gains extracted by the 7 kW heatpump are adequate
to heat all rooms including the gymnasium. Better
glare protection is needed. The inner textile cur-
tains create very diffuse lighting conditions not
well suited for teaching.

INFORMATION

T. Baumgartner, EMPA-Bauphysik, CH-8600 Diibendorf,
and R. Liithi, CH-8198 Regensdorf, provided the
information for this report.

Publications:

Lithi R,,1987: "Laubengang vor dem Schulzimmer",
Sonnenenergie/Energie solaire No. 6, Postfach, CH-
8050 Ziirich.,

Baumgartner T. et al., 1989: Schlussbericht Mess-
projekt Gumpenwiesen, SIA Dokumentation Reihe:
Planungsunterlagen =zu Energie und Gebidude, SIA
Verein, Postfach CH-8039 Ziirich.

No room heating at
0°C outdoor temperature

Sun blinding protection
needs improvement

Report prepared by:

Pinna/Schwarzenbach/
Siisstrunk Architekten
Schifflidnde 22

CH-8703 Erlenbach-Ziirich
Tel. 01/910.55.45
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RUTISHAUSER DATA OFFICES

Building type:
Offices

Passive solar features:
Direct daylighting
"Super glazing" system

Occupancy date:
1986

Floor area:
Useable 2 200 m2

Cost of HIT facade and
Building services (1986):
SFr 2 200 000

ECU 1 290 000

Annual delivered fuel:

(1987/88)
Ventilation system

157 MJ/m2
Client:

Rutishauser Data AG

Construction plans:
ATP Plan AG Hoppe

Energy consultant and
Service engineer:
Geilinger AG

SUMMARY

The retrofit of the 20 year old office building in
Stdfa (ZH) is a good example of the use of the new
high insulation technology (HIT), a super glazing
system, The low rate of heat loss results in
warmer interior surface temperatures and elimina-
tion of cold drafts adjacent to windows. This
allows greater flexibility in the furmishing of the
offices, a desk can be placed directly beside a
window for example. The high insulation value of
the glass makes it possible for the facades in all
directions to be fully glazed. In fact transmis-
sion heat losses of the building envelope are so
low that almost no auxiliary heating is needed.
The heating requirements to warm ventilation air
is also minimized by heat recovery via a heat
exchanger.

PROJECT DESCRIPTION

Renovation of this 20 year old building was neces-
sary to solve condensation problems with the asso-
ciated corrosion of the windows and air condition-
ing system as well as to improve comfort while
reducing the high energy consumption. An energy
consultant was employed to develop a concept to
solve these problems. He recommended the high insu-
lation technology system. With this system direct
heating could be largely eliminated except in the
first floor. The office floors could be heated via
the HIT facade air heating system. This required,
however, the construction of partition walls with
integral air channels,
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SITE AND LOCATION

STAFA

The freestanding office building is located at the
foot of a south slope in a town on the shores of

Lake Ziirich.

To the north and west are parking
areas, to the south is an open field,

Mature trees

and shrubs provide a park atmosphere.

BUILDING FORM

The offices are located in two building blocks off-
set in plan, joined by a central stair and elevator

core.

two stories below grade.
large roofed terrace approach occurs to the north.
The building structure is comprised of exterior

perimeter columns.

The complex is three stories above grade and

The entrance with its

The service core of (stairs,
lift and toilets) provides lateral stiffness to the
structure.

OFFICES

CFFICES

ey

CFFICES

CFFICES]

4

OFFICES

OFFICES

ENTRY
HALL
I

SENNENEN!

Site data:
Latitude
Altitude

47°15'" N
420 m

Climate data:
Oct. to April inclusive
Degree Days (base 20°C)

3 740
GH 1 360 MJ/m2
Actual Sun Hours 643

Actual/Theoretical 0.29

Annual

Degree Days (base 20°C)
3 850

Volume:
Gross 8 226 m3

Floor area:
Useable 2 200 m2
Offices 1 300 m2

Number of levels:
3 + 2 below grade

Window area:
61% of all facades
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U-values:
(W/m2K)
Glazings
Frames
Curtain walls
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BUILDING CONSTRUCTON

The main purpose of this renovation was to replace
the building facade. The connection of the hori-
zontal support structure to the exterior columns
required a total of 40 penetrations of the facade.
The anchoring of the facade to the structure there-
fore required special attention during detailing
and construction,

The HIT facade provides a very good and uniform
level of insulation. The basis of this system is a
glazing unit with a 90 mm air space subdivided by
two IR selectively coated films. These reduce heat
loss by air circulation within and radiation across
the cavity. The framing of the glazing unit is
also highly insulative,
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BUILDING SFRVICES

The 1,300 m® of offices are heated by an air system
with two central electric resistance heaters.
Cooling in summer is provided by a compressor. The
ventilation system is based on a displacement con-
cept. Fresh air heated or cooled to a comfort
range is delivered to an office by large cross sec-
tion ducts with almost continuous openings at
baseboard level. The air enters the room at a very
low velocity, less than 15 cm/s. Stale air is dis-
placed towards the ceiling where it is withdrawn.
Due to the effective separation of fresh and stale
air, the amount of fresh air which must be supplied
can be reduced compared to a conventional system.
The low air velocity which is thereby possible
reduces undesirable drafts. Natural downdrafts at
the windows are also practically eliminated. The
very good insulation value of the glass results in
surface temperatures not less than three degrees
from the average room air temperature,

Installed capacities:

Air heaters 2 x 22 kW
Fans 9 kW
Direct heating in
basement and staircase
22 kW
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Cost of HIT facade and

Building services (1986):

SFr 2 200 000
ECU 1 290 000

Cost of HIT facade:
SFr 1 000/m2.
ECU  590/m2

POLYESTER
FOILS

QUTER

I
I
l
|
|GLags |
I
|
I
!

AIR SPACE

ATR SPACE

AIR SPACE

PANE -+

90 MM

-
-

PASSIVE SYSTEMS

The facade of the two main building blocks was com-
pletely replaced with high insulation windows. The
frames (thickness 145mm) have a U-value of 1.0
W/m’K. The glazing consists of two float glass
panes with an airspace further divided by two
stretched polyester-foils thus creating three air
spaces. The overall glazing U-value is 0.6 W/m’K,
The massiveness of the building results in it cool-
ing down very slowly. The combined effect of all
these factors is a building which is practically
heated by internal and solar gains alone. This
advantage occurs largely independent from building
orientation,

COSTS

The costs of this renovation were ‘high, in part due
to the higher than ususal energy consulting fees,
but mostly due to this being a new facade technol-
ogy. Finally, the renovation involved an almost
complete replacement of the facade, the interior
partitions (new partitions with air channels were
installed), and the mechanical systems. On the
positive side, this energy conserving system
allowed substantial savings on the heating and
cooling system costs.
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ENERGY PERFORMANCE

Prior to the renovation, the building had an oil

heating system with a capacity of 727 kW and two

compressor motors with 350 - kW cooling capacity.
Heating required 50 - 80,000 1 of heating oil per
year (1050 MJ/m2a).

The building after renovation requires 157 MJ/m2
(electric) of which 75 percent is used for space
heating (two air heaters at 22 kW). Not included
is direct electric heating of the stairs and base-
ments 22 LW by -10° outside temperature. 25 per-
cent is used for controls and ventilation (Fans: 9
kW), In addition there is 26.6 kW of 1lighting
power and 11 kw cooling capacity. -

HUMAN FACTORS

The occupants appreciate the generous view afforded
by the floor to ceiling glass. 'No particular prob-
lems have occured concerning air quality with the
displacement ventilation concept, although noise in
certain rooms has still to be reduced. No special
ventilation system was included for the conference
rooms, this requires the occupants sometimes
opening the windows to freshen the room. The
problem of tobacco smoke does not exist, smoklng is
prohibited throughout the building.

CONCLUSIONS

This high-tech facade system eliminates. common
thermal problems (thermal bridges, large heat 1loss
through glazing and drafts). The minimal heat loss
results in a highly uniform temperature within the
offices and a very slow drop in temperature (2°)
over the weekends when the system is shut down.
The energy and environmental goals set during the
design have been achieved by the renovation.

INFORMATION

Dr. B. Keller, Geilinger AG, Metal Construction
Department, CH-8401 Winterthur and AIP Plan AG
Hoppe, CH-8610 Uster provided the information for
this report.

Publications:

Keller B. (Geilinger), and Francelet P.A, and
Roulet C.A. (GRES), NEFF-Project 225: "Der Ein-
fluss von hochisolierenden Fenster- und Fassaden-
systemen  auf Raumklima und  Energiebedarf",
Geilinger AG, CH-8401 Winterthur.

Annual fuel use 1987/88:

(MJ/m2)
Ventilation system 157

Typical existing
Office building 750

Number of occupants:

Variable

Time of occupancy:

Working hours

HIT facade provides a
very good and uniform
level of insulation

Report prepared by:
Pinna/Schwarzenbach/
Siisstrunk Architekten
Schifflinde 22

CH-8703 Erlenbach-Ziirich
Tel. 01/910.55.45
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CH

NEUCHATEL UNIVERSITY

Building type:
.Education

Passive solar features:
Direct daylighting
Sunspace

Occupancy date:
October 1986

Floor area:
Gross 8 100 m?2

Annual delivered fuel:
(estimated)
Heating energy 215 MJ/m2

Client:
Canton de Neuchitel

- Architects:
NCL Architecture-
Urbanisme

Energy consultant:
Sorane SA

SUMMARY

The new building of the faculty of literature of
the University of Neuchdtel has a heating energy
demand of only 215 MJ/m2a. The symetrical build-
ing has a central courtyard and attached sunspace.
It is heated by a heatpump with backup on extreme-
ly cold days from district heating. The prominent
large sunspace was conceived as a passive solar
heated space. The building is deliberately not air
conditioned and only special rooms have mechanical
ventilation. The glazed space 1is tempered in
summer through natural ventilation and evaporative
cooling from pools of water.

PROJECT DESCRIPTION

This building design was chosen- from a design
competition. The energy consultant, who was en—
gaged -in the project since its conception, gave
particular attention to the sunspace. During 1989
it will be monitored in detail as part of the Swiss
partication in IEA Solar Task XI. The goal of this
monitoring is to assess comfort in the sunspace
under different climatic conditions, winter through

spring. Temperature stratification and air move—
ment will also be studied. Through computer simul-
ation the parameters of glazing, size of the

ventilation openings, placement of sunshading and
orientation will be analysed.
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Site data:

Latitude 47°00' N
-o-G,, -+-External Temp. NEUCHATEL Altitude 438 m
S Agjig/ Climate data:
Oct. to April inclusive
2 750 Degree Days (base 20°C)
N , 2 940
\\ : GH 1 425 MJ/m2
10 w4 + 500 Actual Sun Hours 665
+_,/' N, Actual/Theoretical 0.26
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SITE AND LOCATION

The project is located on landfill on the Lake
Neuenburger. To the west is a large open park
area. .

BUILDING FORM

The 3-4 story building complex, organized around a

central court, is comprised of six blocks:

~ four nearly identical blocks housing a 11brary,

 class rooms and offices

-al2zx12x 12 m sunspace with 160 m’ of vertical
glass and 130 m® of sloping glass.

- a central block with the entry hall cafeteria
and commons area.

A pedestrian axis passing diagonally through the
building connects the town to the open park land
forseen for festivals, This axis passes through
the commons area which can be used independently
from the normal operations of the building.

i R
AN sy (Wi wn o smn ivm| |

i
I

O TrrT .
I”r_ INARNENERE RAN IIEI[IIII”HH[] Volume:

- T ER=yg| f?% NNNAWNNS NANNNORANRRRRATRRRRN ] Gross 24 600 m3
H ‘ ENTEY HALL _MQtﬁﬂHH Hﬁ#ﬁ?MHyQHJ Floor area:
(| T | Gross 8 100 m2

BSUNSPACE ‘Il CENTRAL CGOURTYARD

Number of levels:
4 + basement
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U-values:
(W/m2K)
Windows
Walls

Building

3.10
and 1.60
0.35

0.70

Installed capacities:

Heat Pumps

2 x 500 kW

I 0 10 20 304

BUILDING CONSTRUCTION

The concrete framing, ductwork and other services
are all exposed rather than hidden with a suspended
ceiling. The construction is based on a 7.2 m
grid. The sunspace is single glazed to the outside
and to the building proper.

BUILDING SERVICES

80 percent of the heating requirement of the build-
ing is covered by the two heat pumps each with 500
kW capacity. One uses a nearby sewage treatment
facility as a heat source, the other uses heat
rejected from an artificially cooled ice skating
rink, The heatpumps are adequate to heat the
building when outdoor temparatures are above -15°C.
Below this temperature the district heating is also
used. Excess heat produced by the heatpumps during
mild weather is put into this district heating.
Heat is delivered to the rooms via radiant floor
heating. The principle spaces are heated to 20°C,
the circulation and connecting spaces are heated to
16°C. A ventilation system is provided for the
commonsg, the auditorium and the library stacks .
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CROSS SECTION THRCUGH SUNSPACE

OUTER ZONE | INNER ZORE

Y 4

OPENABLE
WINDOWS /////////// __L_
SUNSHADING //7 ___£
7 =
I
o [
: |—
:.
gy
i //’
OPENABLE
WINDOWS -
WATER POOL -J

PASSIVE SYSTEM

The sunspace is divided in two zones, an outer =zone
which is unheated and serves as a sun tempered
buffer, and an inner zone which is heated. In the
summer large glass areas can be opened at the base
and top of the sunspace to induce natural convec-
tion within the sunspace volume. Pools of water at
the perimeter further enhance natural cooling by
evaporation. Interior sunshading provides glare
and overheat protection.

COSTS

The entire building complex was estimated to cost
SFr. 17,500,000. Actual costs were 20 percent
higher. Part of this overcost included additonal
insulation, decided upon during .the course of con-
struction.
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Sunspace:
Volume

Floor area
Glazing area

660 m3
100 m2
325 m2




Annual fuel use:
(MJ/m2)
Heating (estimated) 215

Number . of occupants:
Variable ’

Time of occupancy:
Lecture hours

ENERGY PERFORMANCE

The estimated annual energy consumption for heating
is 215 MJ/m’a.

HUMAN FACTORS

The frequent and full occupancy of the sunspace
proves its success as a gathering space. Students
are apparently willing to accept cooler tempera-
tures of the space in the winter in order to enjoy
the amenity of the "outdoor" character of the
space,
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INFORMATION

The information for this report is from J.-M.
Triponez, NCL Architecture Urbanisme, CH-2300 ILa
Chaux—de—-Fonds and from D. Chuard, Sorane SA, Route
du Chatelard 52, CH-1018 Lausanne.

Publications:

"Université de Neuchatel, Aula et Faculté des Let-—
tres, Plaquette éditée & l'ocasion de 1'inaugura-
tion", 31.0ct.1986: Université de Neuchatel, Secré-
tariat général, Avenue du ler Mars 26, CH-2000
Neuchatel.

Report prepared by:

Pinna/Schwarzenbach/
Siisstrunk Architekten
Schiffldnde 22

CH-8703 FErlenbach-Ziirich
Tel. 01/910.55.45
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CH

PENTHAZ SCHOOL

Building type:
Education

Passive solar features:
Direct daylighting
Direct/indirect thermal
gain

Occupancy date:
1984

Floor area:
Heated 2 000 m2

Annual delivered fuel:

(1984/85)

Electrical 72 MJ/m2
0il 270 MJ/m2
Site energy 342 MJ/m2

Client:
Municipality of Penthaz

Architects: .
F. aqd A. Dolci

Energy consulting and

Monitoring:

Energies Rationelles

SUMMARY

The designers of this school in Penthaz (VD) aimed
for an energy concept combining conservation,
passive, and active solar elements. The resulting
solution includes exterior insulation to allow the
masonry walls to provide thermal mass for the
building interior, large window areas with highly
insulative glazing and a control system for the
active solar and back-up heating which responds to
passive solar gains., A wheel heat exchanger recov-
ers heat from exhaust air. These energy features
provide low running costs and comfort in winter as
well as in summer. Monitoring is currently under-—
way.

PROJECT DESCRIPTION

The project planning required close co—-operation
between the municipality, architects and energy
specialists. The basic aims were to minimize heat
losses and maximize the combination of passive and
active solar gains. Moreover, the fresh air stan-
dards for school buildings had to be met.
Cost/benefit checks of the energy features were
made throughout the planning.
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Site data:

Latitude 46°40" N
—co--GH -+-External Temp. PENTHAZ Altitude 487 m
S “g/ ' Climate data:
Oct. to April inclusive
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1 Vi AN 500 Actual Sun Hours 687
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SITE AND LOCATION

The school grounds are located in the outskirts of
a small rural village, A slight hill to the north
of the isolated building protects it against the
strong winds. An older multi-purpose hall is close-
by and was also included in the energy scheme and
is provided with solar heated hot water for
shovers, washing etc.

BUTLDING FORM

The principal spaces of the elongated two-story
building are nine classrooms, a room for special
lessons, a teachers' room and a caretaker's flat.
The classrooms are all orientated to the south with
indentical glazing areas. Supporting rooms are sit-
unated to the north as buffer zones. The 45°
projection of the collector's permitted a band of
skylights enhancing the daylighting of the upper

classrooms.
CLASS ROOM :\F Floor area:
Heated 2 000 m2
Gross circa 3 300 m2
COVERED
PLAYGROUND CLASS ROOM We Number of levels:
2 + underground floor
|
l SHELTER SHELTER .
! Window area:

South 170 m2
467 of facade

—-56—-



Installed capacities:

0il Burner
Water Storage
Collectors

140
26
200

kW
m3
m2
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BUILDING SERVICES

80 percent of the auxiliary heating is provided by
a floor heating system, the remaining 20 percent is
dellvered by the ventilation system. Heat from the
200 m* of collectors is injected directly into the
heating distribution system. Surplus energy is
delivered to the storage tanks. The mechanical ven-
tilation system is equipped with an air to air heat
exchanger (a rotating wheel) which recovers 85 per-—
cent of the heat from the exhaust air. A micro-
processor provides an accurate and comprehensive
control, with day, week, and holiday programmes,
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ENERGY TRANSFER WITHIN THE SYSTEM
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HEATING OF THE CLASS ROOMS /
RESPONSE TO SOLAR GAINS THROUGH THE WINDOWS

WINDOWS
//r WITH IR COATING

AIR MODULATION ;;7"Tnmy. I
ACCORDING SENSORS
//' TO SOLAR GAINS FOR

IT MAX 20°C / T MIN 15°Q| THE EXTR{CTE: AIR

PASSIVE SYSTEM

The envelope insulation is located outside of the
structural elements. The windows have triple glaz-
ing with a selective infra-red coating (U = 1.1
W/m’K, solar energy transmission = 63 percent).
Temperature sensors placed in each classroom shut
off the floor heating system before overheating can
occur. Solar heat is then rerouted to the storage.
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Building cost (1984):
SFr 6 500 000
ECU 3 812 000

SFr 1 950/m2
ECU 1 140/m2

Typical cost
SFr 1 200 - 1 500/m2

Cost of total energy
system:

SFr 800 000

ECU 469 000

SFr 400/m2
ECU 235/m2

PORTIONS ON HEATING LOAD
(TOTAL 549 000 MJ)

FUEL OIL
442 800 MJ

SOLAR ENERGY DIRECT GRIN
50 400 MmJ

SOLAR ENERGY BY STORAGE
55 BOO MJ

SOLAR ENERGY DISTRIBUTION
[TOTATL, 235 00 MJ)

HEATING BY STORAGE
55 800 MJ

HEATING DIRECT GAIN
50 400 mMJ

'WARM WATER DIRECT GATN
15 480 MJ

WARM WATER BY STORAGE
114 B40 MJ

COSTS

This school building required increased planning
expense., The additional costs for the conservation
features should be amortized in 1less than ten
years. An economic analysis of the active system
requires supplementary input from the measurements,

ENERGY PERFORMANCE,

The mix of active and passive elements permits the
two systems to compliment each other making possi-
ble a well controlled storage of heat. 20 percent
of the gross heating load is covered by active
solar gains as follows:

- 09.5 percent direct heating from the collectors
- 10.5 percent from the heat storage tanks of the
solar system

The passive solar heat 'gains have not yet been
evaluated.

Annual fuel use 1984/85:
(MJ/m2)

Heating 270
Lighting/Ventilation 72

Site energy 342

Typical existing
Education building 750
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HUMAN FACTORS

The teachers at first were very skeptical of the
effectiveness of mechanical ventilation, claiming
that they much prefered to simply open w%pdows.
The system, however, easily provides 30 m~/h of
fresh air per person and the teachers have individ-
ual control of the classroom temperature.

CONCLUSIONS

The solar system has proved highly efficient. The
quick system response to solar gains is achieved by
adjusting the heating of ventilation air according
to the output of room air temperature sensors. A
micro-processor and 31 sensors facilitated the
start-up adjustments of the system. Automatic cal-
culation of ten heat balances permits optimum sys-
tem regulation. Improved efficiency of the oil-
fired furnace has been, however, difficult to
achieve., Extemsive measurements were conducted
through 1985.

INFORMATION

M-0.Nilsson and C.Calatayud, Energies Rationelles,
CH-1110 Morges, provided this material.

Publications:

Calatayud C., Nilsson M.-O., 1985: "Présentation
des installations solaire au complexe scolaire de
Penthaz", Proceedings of the 5. Solar Symposium,
EPFL-GRES, CH-1015 Lausanne.

Solar use is maximized
by the alternatives

of direct room heating
or storage as determined
by sensors and a control
program

Report prepared by:
Pinna/Schwarzenbach/
Siisstrunk Architekten
Schifflinde 22

CH-8703 Erlenbach-Ziirich
Tel. 01/910.55.45
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CH

Building type:
Assembly

Passive solar features:
Direct daylighting
Indirect thermal gain
Natural cooling

Occupancy date:
1984

Floor area:
Gross 390 m2

Cost (1984):
SFr 680 000
ECU 399 000

Annual delivered fuel:
(1986/87)

Electrical 151 MJ/m2
Firewood 100 MJ/m2

Site energy 251 MJ/m2

Client:
Municipality of Reinach

Architects:
Felix Mejer and
Rainer Senn

Energy consultant:
Ruedi Kriesi

REINACH YOUTH CENTER

SUMMARY

A youth center in Reinach (BL) is equipped with a
hybrid solar system which together with direct
gains covers about 50 percent of the heating load
of the relatively open-plan building. The simple
closed-loop air system is comprised of a southern
collector window, an underfloor rockbed and a 380 W
ventilator, In summer the collector front provides
solar driven ventilation as well. Auxiliary heat-
ing is provided by a wood burning cooking stove,
This heat is distributed via water to radiators.

PROJECT DESCRIPTION

The design began as a spatial concept for gather-
ings. Thus, the scheme proposed by the architects
is reminiscent of an ecclesiastical assembly room
from Reformation times. The solar consultant was
not brought into the project until the design was

"already well along.
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SITE AND LOCATION

REINACH

The isolated building is on the boundary of a small

town. Only 10m in fromt of

the south facade there

is a feeder road to the motorway with intense traf-

fic noise.

BUILDING FORM

The north is bounded by a forest.

This nearly archetypical building has a square

shape 16,4 m to a side.

port the roof,

rooms,
and a porch.

a workshop,

these supporting spaces.
front provides excellent daylighting.

2
[N\
|

Four middle pillars sup~

a kitchen,
A surrounding gallery occurs above
The entirely glazed south

At ground level an octogonal main
space is bounded by supporting rooms:
an office,

two group
toilets

J

10

gl

=
=

mll ==
N AEE ==

Site data:
Latitude
Altitude

47°29' N
300 m

Climate data:
Oct. to April inclusive
Degree Days (base 20°C)

3 300
GH 1 490 MJ/m2
Actual Sun Hours 743

Actual/Theoretical 0.31

Annual

Degree Days (base 20°C)
3 940

Volume:
Gross 2 200 m3

Floor area:
Gross 390 m2

Number of levels:
1 + gallery level

Window area:
South 90 m2
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Installed capacities:

Ventilator Power

380 W

0 5 10M

\ 0000
< Ojo

|

|

KITCHEN :
l

I

Q0 |

@

PERFORMANCE ROOM

£33
Ei
[

AENEARELY

BUILDING CONSTRUCTION

All structural elements of the walls and roof are
biologically treated fir. Exterior walls are con-
structed from insulating bricks. For the interior
natural building materials such as wood and clay
products were favored, The collector windows con—
sist of two double glazed fagades: the exterior
fagade is steel framed, the dinterior fagade is
wooden framed. This quadruple glazing provides
optimal noise isolation as well as very good
insulation. ' :

" BUILDING SERVICES

Auxiliary heating is provides by the wood-burning
heating stove which also serves for cooking, Heat
distribution is by radiators including one located
in the ventilation loop to warm intake fresh air.
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PASSIVE SYSTEM

The south front is an air collector with an inter-
mediate space of 25 cm between the two double glaz-
ings. Black roll blinds serve as absorbers.
Warmed air is fan-forced in a closed loop to a
rockbed under the floor slab which then warms the
room. The rockbed contains stones 8-12 cm in diame—
ter. It is insulated from the earth with 20 cm of
foam glass. 2 cm of mineral fiber insulation in
the floor above the rockbed slow the rate of heat
release to the room.

The collector window can be opened at the top to
the outside and below to the room. In summer the
collector warmed air is exhausted at the top. This
draws cool air from the forest through the rooms
to the bottom of the collector. The roof overhang
and roll blinds provide solar protection.

Collector window:

Glazing area + 90 m2

Rockbed storage:

Volume 210 m3
Depth lm
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Building cost (1984):
SFr 680 000
ECU 399 000

SFr 1 743/m2
ECU 1 022/m2

Typical cost
SFr 1 400 - 1 800/m2

Annual fuel use 1986/87:

(MJ/m2)

Heating 123
Lighting 38
Electrical 38
Hot water 52
Site energy 251

Typical existing
Assembly building 750

Number of occupants:
30 - 60
(100 - 400 by events)

Time of ocecupancy:
Mainly evenings,
Sometimes afternoons

COSTS

' The costs of the solar system are comparable to

those of a conventional heating system. Operation
is necessarily economical because rooms are heated
only when users are present.

ENERGY PERFORMANCE

A detailled energy balance is difficult to estab-
lish, nor has energy consumption been mgasur—ed.
The heating requirements are about 8-10 m™ of hard
wood and 9,000 MJ of electrical energy. The esti-
mated 50 percent heating contribution of the solar
system exceeds predictions.

HUMAN FACTORS

The spatial layout turns out to be ideal for the
users' needs. They report that the solar system
positively influences the building's character,
particularly the room comfort. Moreover it offers
the young people direct experience with primary
energy resources, Since the system is controlled
by the users, occasional incorrect operation can
occur,
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CONCLUSIONS

The architects- consider the air system successful, Successfull air system
due much to its simplicity and transparent technol-

0gy. It was erected partly by the young people Better thermal

within a work programme. Heating-control presents insulation advisable
no problems. Better thermal insulation of the

external walls would have been advisable.

INFORMATTION
VF. Meier and R. Senn provided this information.
Publications:

Meier F., Senn R,, 1984: "Beispielhaftes Jugend-
haus", Sonnenenergie/Energie solaire Nr. 5, Post-
fach, CH-8050 Ziirich.

and

1988: Schweizer Architektur Nr. &1, Editions
Anthony Xraft, 13 av, du Tirage, CH-1009 Pully.

Report prepared by:
Pinna/Schwarzenbach/
Siisstrunk Architekten
Schifflinde 22

CH-8703 Erlenbach-Ziirich
Tel. 01/910.55.45
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CH

Building type:
Industrial

Passive solar features:
Direct daylighting
Indirect thermal gain
Natural cooling

Occupancy date:
1985

Floor aresd:
Gross 640 m2
Heated 420 m2

Cost (1985):
SFr 1 100 000

ECU 645 000

Annual delivered fuel:
(1985/86)

Electrical 105 MJ/m2
0il 2 MJ/m2
Site energy 107 MJ/m2

Client:
Meteolabor AG

Architect: .
Peter Gutersohn

Energy concept:
Meteolabor AG

METEOLABOR LABORATORIES

SUMMARY

Meteolabor AG, an electronics firm in Wetzikon
(ZH), wanted to apply energy conserving concepts in
its new multi-function building addition. The con-
cept chosen consists of using the building struc-
ture to store heat from a greenhouse and solar air
collectors, A nearly constant storage temperature
of about 20 °C is achieved from October through
April, thanks to the immense inertia of the build-
ing. The resulting thermal lag does, however,
require occupants to adapt to the seasons. In
general the calculated values have been confirmed
by measurements to date.

PROJECT DESCRIPTION

The buidling's energy concept originated from the
client's intention to apply his experiences in the
production of precise meteorological measuring
instruments to his own building. Simple energy
features were however a prerequisite. The client
wanted to limit the construction to conventional
technologies and. tradional craftsmanship. The cur-
rent monitoring is being done by the client. The
results are registrated together with output from
the building's weather station.
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Site data: )
Latitude 47°20' N

-c>—GH ~+-External Temp. WETZIKON Altitude 548 m
o MJ .
_ 9 :nzf Climate data:
. Oct. to April inclusive
5 750 Degree days (base 20°C)
3 750
Y Gy 1 425 MJ/m2
10 i \ 500 Actual Sun Hours 643
N Actual/Theoretical 0.25
. \ Annual
0 jg/ Scf250 Degree Days (base 20°C)
:/J/ : \\h‘: 4 730
-10 - 0
JFMAMJJASOND
SITE AND LOCATION
The building, situated in the industrial zone of a
small town, has other buildings on three sides. To
the northeast it is exposed to the open landscape.
From this direction come heavy and cold winds.
BUILDING FORM
The two Storey building forms a relatively compact
volume, The current usage of the building results
in intermittent occupancy, namely: storage in the
cellar; workshops and a delivery department on the
ground floor; and a meeting room, exposition hall,
photo 1laboratory, reproduction room, and measuring
room on the upper floor. A terrace is located on
the roof on the south part of the building, to the
north is a lean-to roof.
Volume:

Heated 1 670 m3

.Floor area:
Gross 640 m2
Heated 420 m2

Number of levels:
2 + basement

Window area:
South 110 m2
90% of facade
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J-values:
(W/m2K)
Walls
Lean-to-roof
Windows

Building

Building heat loss:

320 W/K

o] 5 10M
1 !

FIRST FLOOR I | I ' ,

I

I

| MEETING

{ ROOM - —
I

|

i, |___i7
EXPOS
REPRO HALL LAB
e

GRQUND FLODR

WORKSHOP ﬁ

LAB

GREEN | HOUSE

BUTLDING CONSTRUCTION

The solar concept uses the massive construction of
the building, 25 cm masonry perimeter walls and
reinforced concrete floors. The roof structure is
wooden trusses and planks, The service and person-
nel doors are of insulated sheet-steel. The
greenhouse construction is a laminated wood framing
construction with triple glazing of plexiglas.

FLOQR CONSTRUCTION

WEAR SURFACE

AUXILIARY HEATING TUBES ~ N Nas S m N N

AIR CANALS TO COLLECTORS

STRUCTURAL CONCRETE

INSULATION

_69_



CR(SS SECTION SHOWING THE ENERGY SYSTEM

PN !
SQLAR AIR COLLECTORS HYDRONIC i
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N |
GREENHOUSE -
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BACK-UP
= 3 FAN FLOOR HEATING
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HEATER ] B
: N i 3
DIESEL :

BUILDING SERVICES

The rooms are heated by a holiow radiant floor
through which solar heated air is fan-forced from
the greenhouse and the collectors., The air is cir-
culated through sheet metal tubes 15 cm @ embedded
in the concrete. The system incorporates nine fans
on ground level and six fans on the upper level.
Auxiliary heating occurs by a copper tube grid
imbeded in the floor. Auxiliary heat from a resis-
tance electric heater and waste heat from diesel
generator is needed only occasionally, mostly in
the night.

Installed Capacities:

Fans 15 x 80 W
Flow-through _
Water Heater 15 kW .

Diesel Generator 22 kW
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Greenhouse:

Volume 126 m3
Floor area 50 m2
Glazing area 110 m2

Collecfor windows:
Absorber volume 1.5 m3

Glazing area 27 m2
Storage:
Volume 317 m3

Thermal mass 752.4 MI/K

Annual fuel use 1985/86:

(MJ/m2)

Heating 97
Lighting - 6
Fans 4
Site energy 107

Typical existing
Industrial building 750

Number of occupants:
Variable, smal

Time of occupancy:
Working hours

PASSIVE _SYSTEM

Solar heated air is provided from the greenhouse on
the ground level and by black metal tubes behind
wooden-framed, double-glazed panels on the upper
floor. In summer undesirable irradiatation is kept
away from the collectors by reflecting roll-blinds,
16, windows openable manually or mechanically,
reduce overheating in the greenhouse which has no
sun protection. The rooms are also cooled by natu-
ral ventilation. Though the amount of glazing is
minimal, the rooms receive sufficient daylight,
particulary the upper rooms, thanks to clerestory
windows underneath the lean-to roof.

ENERGY PERFORMANCE

In the winter 1985/86 solar gains covered 68 per-
cent of the gross heating load. This computes to a
use of 31 percent of the 285,000 MJ of available
solar radiation. If the rooms were used continu-
ously, auxiliary heating would have been -still
further reduced by the internal gains of people,
lighting and equipment.

HUMAN FACTORS

This simple and understandable energy system
requires the users to behave according to the
seasons, Provided he/she dresses accordingly, the
existing room temperatures between 18 °C and 24 °C
do not create any problems. In any case differences
of temperature from one day to the other, and from
one room to the other do not exceed 1 °C.
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CONCLUSIONS

According to the client, the " low storage and
absorber  temperatures result in good effiency of
the solar system. The smzll temperature gradient
between the concrete floor and absorbers had to be
taken into account in dimensioning  the canal con-
figuration and ventilator capacity. The perfor-
mance of the greenhouse has been most satisfactory.
The wood-frame construction and excellent glazing
permit a solar contribution to the building even in
mid-winter. The effectiveness of the fan regulation
strategy will be quantified after completion of the
test period. This will help in determining the
optimum temperature difference between supply and
return air in the floor canals and collectors. At
present the system is being monitored and con-
trolled by a personal computer which permits fine
tuning of its operation.

INFORMATION

P. Ruppert of Meteolabor, CH-8620 Wetzikon,
provided this information.

Publications:

Schweizer Energiefachbuch 1988: "Ein Gewichshaus -
wie es sein sollte", M&T Verlag AG, CH-~9001
St. Gallen,

Biichler W., Gutersohn P., Ruppert P., Schlegel M.,
1986:  "Fabrikgebiude als Speicher", Sonnen-
~ energie/Energie solaire No. 6, Postfach, CH-8050
Ziirich.

Building cost (1985):
SFr 1 100 000
ECU 645 000

SFr 1 730/m2
ECU 1 015/m2

Typical cost
SFr 1 500 - 1 900/m2

Cost of Passive System:
SFr 140 000
ECU 82 110

SFr 197/m2
ECU 115/m2

The building is very
massive and well insu-
lated and hence has

very stable temperatures

The greenhouse and air
collectors meet most
of the heating demand

Report prepared by:
Pinna/Schwarzenbach/
Siisstrunk Architekten
Schifflinde 22

CH-8703 Erlenbach-Ziirich
Tel. 01/910.55.45
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(D) GERMANY

BCS No.

12
13
14
15
16
17
18
19
20

Building Title

DAY CARE CENTRE

ESA BUILDING

St. MONIKA PALM COURT
TEGUT BUILDING
ENERGIELABOR
ZIEHL-ABEGG
TECHNOLOGIE-ZENTRUM
ZUBLIN HOUSE |
SCHOPFLOCH KINDERGARTEN
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D

DAY CARE CENTER

Building Type:
Education

Passive Features:
Solar heating:
direct,indirect
Daylighting:
direct

Occupant Date:

End of 1988

Floor Area: m2
01d building:

~ heated: 481
- unheated: 13
Sunspace:

-~ unheated 225
Gross: 719

Building Costs:
Retrofit and extension

ca. DM 500 000
ECU 240 581

Sunspace

ca. DM 450 000
ECU 216 523

Annual Delivered Fuel:MJ
Before retrofit: 405 800
After retrofit: 347 200

Client:
District Council Berlin
Dep. of Youth and Sports

Architect:

Dipl.-Ing. Ch. Hartmann
Dipl.-Ing. I. lLiitkemeyer
TU Berlin Department of
Bioclimatic Design
Prof. Hasso Schreck

Interior View

SUMMARY

As a result of a students'competition at the faculty
of "Klimagerechtes Bauen" at the TU Berlin, the day
care centre at OlbersstraBe in Berlin Charlottenburg
is being altered and extended.

Various measures took place, which made an extension
of the present building possible without additional
need for energy. The main feature is the addition of
a sunspace approximately 200m?. The sunspace is
thermally self regulating and is used as a
childrens'play area. It is fitted with the simplest
features of passive climatisation for buildings.

The elements of the solar sunspace are:

- massive building components for energy storage
(floor, walls, spandrel walls)

- air vents at the top and the eaves

- roller blinds for shading, behind the south
oriented glass front

- wventilated hollow mass construction in floor and
spandrel walls

PROJECT DESCRIPTION

At present a youth recreation centre and a special
day nursery are located in the single-storey build-
ing (ca. 500m?). In the long term an alternative
location has to be found for the youth centre.

On behalf of the local authorities in Charlottenburg
a package of measures was designed so as to improve
the functional conditions, and on to reduce the
energy demand of the U-shaped building.
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SITE AND LOCATION

The building is located in an wurban area of
Charlottenburg with free exposure to the south.

OC O glob.radiation +temperature

Md/m2
20 750
¥’¥,+—*\*
10 oo 500

JFMAMJIJJASOHND

BUILDING FORM

The leading idea is to roof over the south patio of
the present building with a sunspace, which is a
weather protected room outdoors, a green playing
area under a glass sky. During spring, autumn and
winter it offers various possibilities for games and
creative activities.The sunspace 1is a transition
area between inside and outside as well as a playing
area.

According to these two functions two different
spheres were created, one of which is a small,
sheltered area and is introverted, whereas the other
one is orientated to the free space and suitable for
activities and games. Most of the groups'rooms are
orientated towards the sunspace and have direct
access to it. The reorganisation of the old building
is closely connected with the measures for the new
building. A cross-shaped hallway is planned; its
east-west corridor is the link outdoors, the new
north-south corridor connects the garden area and
sunspace with the roadside and the new entrance.

In addition to the existing buffer =zones two
sunspaces and a new entrance in the north have been
installed. The south facing sunspace acts as a
bufferzone and energy gain system.

Insulation of exterior walls and roof has been
improved. Climbing plants at the facades will
improve the microclimate. :

Site Data:
Latitude:
Altitude:

Climate Data:
Degree Days:

September to May:

Annual:

Global Radiation:
September to May:

Armmual :

Sun hours:
Actual;

52.3° N

50 m

3 809
3 964

MJ /m?

1 996
2 678

1 706

Actual/theoretical: 0.39

Average temperatures: °C

Winter;
Summer:
Annual:

Volume:
Heated:
Unheated:

Surface Areas:
Ground floor:
01d building:
Sunspace:

Envelope:
01d building:
Sunspace:

Glazing Area:
01d building:
Sunspace:

7.0
16.6
9.5

1 655
1 267

560
230

1 107
468

105
253
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U-values:

0ld building:
- walls 1.4
- windows 2.9
~ roof 0.9
Sunspace:
- glazing

3.0
- opague components 0.5
- floor 1.3

Envelope Heat Loss: W/K

Transmission:
0ld building: 1 110
Sunspace: 1 020

Installed Capacity:
Sunspace unheated
Electric: 20kW
(lighting and minor con-
sumption after retrofit)

Desgign Conditions:
Room temperature: 18.3°C
Sunspace: floating

mﬁgﬁ

.b/‘“;w

=t

South elevation

BUILDING CONSTRUCTION

The present single-storey building is a double shell
masonry construction with walls of 30 cm altogether
(year of construction ca. 1930). The floor and the
roof are wooden constructions; the ventilated roof
is slightly tilted. The windows are mainly plastic
frames with double glazing.

The extensions (sunspaces, porches) are wooden
constructions and also equipped with double glazing.

The sunspace is a wooden framework construction with
steel bars, and purlins which hold the puttyless
double glazing. The floor consists of a reinforced
concrete slap with bricks laid in mortar.

RUILDING SERVICES

The heating system of the day nursery is connected
to the heating of a neighbouring school. The heat
performance of the convectors which are situated in
the underwindow  spandrels, is controlled by
thermostatic valves. The warm water is supplied by
electrical appliances.

The sunspace is not heated; it is ventilated via
ventilation flaps at the ridge and eaves.
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PASSIVE SYSTEMS

South facing roof 1lights are to be installed above
the east-west corridor so that the south sun can be
used for daylighting and energy gain. The sheds have
moveable night insulation (internal).

The south faced sunspace (200 m?) is unheated area
of intermediate temperatures and is a buffer zone
which works as a sun energy collector.

The radiation of the sun and the heat losses of the
old building only, are used as heat sources.
Although the sun radiation is primarily used for the
conditioning of the sunspace, surplus energy can be
directed into the inside rooms by opening the doors
to the groups'rooms.

Main elements of the sunspace solar system:

- Internal thermal masses: bricks on the floor,
walls of the old building, spandrels

- ventilation flaps at ridge and eaves

- inside shading blinds of the south glazing area

- tube system controlled by fans which suck out
the warm air from the ridge of the sunspace and
store the heat in the ventilated building areas
within the floor of the sunspacs,

CONTROL SYSTEM

Conditions in the sunspace can be controlled
automatically or manually. The automatic control is
necessary for a moderate room climate and the growth
of plants, especially during weekends and holidays.
The manual control allows the individual
conditioning according to the users' requirements.

VENTILATION FLAPS

§3AIR DUCTS TO HOLLOW STORAGE COMPONENTS

SOUTH FACING

% TOPLIGHT
—§
T R | %

ROLLER BLINDS

VENTILATION
FLAPS

SUNSPACE

CHILDREN GROUP SERVICE
' ROOMS

VENTILATED MASS CONSTRUCTIONS
IN FLOOR AND SPANDREL WALLS
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Building Costs: Jm?2
Retrofit: DM 1 000
ECU 481

Sunspace: DM 1 950
ECU 938

per child: DM 20 000
ECU 9 623

Annual Fuel Use: MJ/m?
District Heat:

Gross 482
Heated 721
Reference building:

new building 843
Hot Water:

Gas: 6 750m3
Electricity 28 3B4kWh

Energy Costs:

Gas:

Consumption 0.40 DM/m3
0.19 ECU/m3

Total 0.51 DM/m3
0.24 ECU/m3
Electricity 0.29 DM/kWh
0.14 ECU/kWh

BUTLDING COSTS

The building costs for the alterations and various
minor extensions amount to DM 500 000 approximately;
this equals a price of c¢. DM 1 000 / m? floor area.

The costs for the sunspace construction are

estimated at DM 450 000, all solar devices included,
which makes it DM 1 950 per square metre,

ANNUATL. ENERGY PREDICTION

The Council of Charlottenburg asked for design
strategies to reduce the energy consumption of the
building by means of low expense. The aim was to
increase the effective floor area without additional
energy demand.

The attached sunspace expands the usable floor area
of the building by nearly 507. The sunspace is
unheated as temperature swings are gquite acceptable
in the play and activity areas. This way the heating
demand is reduced by 2/3 related to comparable
demand per square metre of usable floor. The
reduction of heat demand of adjacent heated space
is about 17% (see graph).

The energy and temperature predictions have been
provided by computer simulation of thermal analysis
programmme SPIEL (Solar Passive Integrated Energy
Language, by C. Green, Sheffield). The calculations
show, that the big volume of the sunspace allows
only a few wusable energy support for the parent
spaces. Therefore the sunspace was decided to act as
a buffer space. '

The target is +to provide conditions of thermal
comfort for the sunspace all year round.During the
heating and transition period the air temperature
should not exceed 25°C. On sunny days, when
overheating tendency will occur, the interior
shading device acts as an absorber. The heat
accumulation of the air space between glazing and
shading area will be used by sucking warm air from
the top into the ventilated mass construction of the
floor and the spandrel walls of the sunspace to be
stored. Discharging of the storage occurs by time
lag emission of heat.

By this way surplus energy can be stored to increase
the wusable solar gain without overheating the
sunspace and to extend the temporal space use.
Overheating in summer is avoided by ventilation
flaps at the ridge and the eave. Ventilation and
interior shading devices provide thermal conditions
within comfortable ranges.
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DAY-CARE-CENTER OLBERSSTRASSE - BERLIN

20
&0 %
-

20 - ] )
g
g Nz Z ﬂ?
S 7
£
g soA a A [

B

a
z 7 S
; 40 = - o g
=] A
a e ,
; 30 1 ~
I

20 - a

10 - 7

J
o ’7{_.« Pd hN 72 Vd - ~ - [
i T O L L) T
sS85 okt nov deac jan feb mar apr may

=3 27

OLD BUILDING
BEFOQRE RETROFIT

HUMAN FACTORS

AFTER RETROFIT AFTER RETROFIT
SUNSPACE-GLAZING 3,0 W/m'k SUNSPACE-GLAZING L8 W/mik

As for the users'attitude only general statements
about the nearly finished alterations can be made
and assumptions about the expectations referring to
the addition of the sunspace. Especially the
improvement of the daylighting in the north parts of
the building (kitchen, hall) is welcomed by the
users. The functional reorganisation is backed up
with a new pedagogical programme by the educators.
Results are not available yet.

CONCLUSION

To what extend the project can be judged as
successful, remains open until the definite
inauguration. The users'willingness to be confronted
with the problem "sunspace" in a day nursery has to
be emphasized on the one side, but on the other side
the difficulty to realize new, 'not usual" but
innovative ideas with a planning department and
building control office.

The building is now not far from completion and it
is hopefully expected that a monitoring programme
could find an adequate funding. At least a low cost
investigation of the actual energy performance is
intended to be installed.

INFORMATION

A further report will be produced when building
construction is completed (end 1988).

Contact:

Ingo Liitkemeyer,
Sekr. A 44, Strafie des 17. Juni 135

D - 1000 Berlin 12, Tel.: 030 / 314 36 68

Technische  Universitit Berlin,

Design Occupancy:

Frequently 50 children
5 adults

Function:

Working

Playing

Education

Time of Occupancy:
15 hours per day
6-7 days per week

Report prepared by:
Glinter Lohnert

IBUS GmbH
Caspar-TheyR-Str. 14A
D - 1000 Berlin 33
Tel.: 030 / 891 54 74
on behalf of

Fraunhofer-Institut fiir

Bauphysik
NobelstraBe 12
D - 7000 Stuttgart 80
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ESA BUILDING

Building Type:
Student home

Passive Features:
Solar heating:
direct and indirect
Daylighting:

direct

QOccupant Date: Oct. 1986

2

Floor Arae: - m
Gross: 1 403
Heated: 493
Unheated 10
Building Costs:

DM 803 000
ECU 377 316
Annual Delivered Fuel:MJ
total 386 663
/m2gross 275
/m2heated 784

Patronage:
Faculty of Architecture/

Department for Environ-
mental Design/ Building
Engineering, University
of Kaiserslautern

Client
Student Association Kai-
serslautern

West view

SUMMARY

The students'home in the grounds of Kaiserslautern-
University is a self build project which - apart
from providing necessary accommodation - combines
the aspect of living in a community with ecological
questions. Furthermore the building has an
experimental character with regard to its innovative
architecture and its energy conscious design. It
also. gives students of architecture experience in
practical work through design construction research.

The energy-saving aspect of the building consists of
a ‘house-in house' concept; the actual solid
building is entirely wrapped into a thermal envelope
(glass-house). Accommodation units are arranged in
terraces ths aliowing for wvaried structual and
energy innovations (solar heat strategies). It also
gives experience of living in a glass-house with
intensive vegetation.

As axpected the reaction of
(architects, workers, users) was heterogenous and
varied - the mainly positive reaction of the
inhabitants but also the somewhat imperfect
experimental character of the building confirm the
necessity of such innovative projects.

the participants

PROJECT DESCRIPTION

The building is situated on a slope and orientated
south-south/west; its concept is a thermal envelope
according to the house-in-house concept (size of
plot 1080 m2) 1In this particular self build
experiment differen