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A THERMAL BALANCE TOOL FOR ARCHITECTS : MODIFY
THE ENVELOPE OF YOUR BUILDING AND HAVE AN
ONLINE FEEDBACK ON HEATING AND COOLING DEMAND
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Abstract

This project, financed by the OFEN (Swiss Federal Ofiice for Epergy). consists of developing a compuler-
tool for parametric studies and optimisation of the thermal behaviour of a building in real-time. The tool
intends to give inunediale information on the effect of any paramcter on the heat balance. A direct access o
several tools and catalogues facilitales inpul. The software is designed for large scale dissemination in
technical schools, universitics and among architects. It shall equaily be useful 1o calculate the heat balance

acvording 1o the Swiss national standard.
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INTRODUCTION

Expericnce has shown the interest of computer assisted

design in the field of thermal modelling throughout the

building design and decision process. Heat balance

calculation is now used in most Europcan countries as

thermal predesign tool and for apptication and control of

national heat demand standards.

Based upon the cxperience of the DIAS[1] . .auabase

developed at the CUEPE since 1991 that already includes a

heat balance tool, a survey was made upon the active users

s0 giving hints and idcas to a completely new approach for

a thermal balance tool.

Indeed several, faciors are limiting in most availakle

software:

o input is fastidious,

¢ calculation even though fast, dues not allow for intuitive
parametric studies,

e comparison between variations of the project or with
othet building projects iv not avatlable,

¢ the amount of visible and available data are often
predefined or hmited.

Also the implementation of passive solar devices, such as
transparent insulation (TWL», greenhouses and other
passive solar devices are rarely taken inte account.

The aim of ONLINE is to provide a user-friendly input of
buitding data and immediate feedback on the effect of each
choice implemented in the glebal thermal balance of the
projected building or renovation project.

A draft of CASAIL2]. a simplified real-time thermal balance
wol, developed by Prof. Heidt at the NESA Sofiware-Labor
at the University of Siegen in Germany. gave additional
inspiration {or the project.

The software manly  aims archiects and teaching in
technical schools or umiversitics. For this reason, the user

interface must be explicit and didactic al one time. In order
to allow for clearness and understanding, the amount of
visible information on the screen must be reduced to the
minimum and depending only on the complexity of the
building itself.

GENERAL CONCEPT AND STRUCTURE

ONLINE is based on the trial and error method. No user-
guide is required and the user is aliowed to try out different
components. materials and some of the technical devices
(e.g. ventilation). The idea is to make the user ‘feel’ the
projecied building from the thermal point of view through a
game-like approach. An appealing, easy 10 use and didactic
graphical user-interface is the key part of the software

With the help of interactive dialogue-boxes, the user is
guided from the general building-description 1o the
construction-detail, In order to wccelerate the input at the
predesign stage and rapidly give a first impression on
thermal behaviour, the software proposes default-values w
cech level (e.g. u-values, ghazing, cte. but also complete
windows, walls, thermal bridges). From this basis the user 1s
invited to refine the building envelope description in order
to optimisg the heating energy demand,

Each level of detail contains a summary of its' related
components and the most importunt and characterisue
thermal data. A special effort has been made to avoid
uscless intermediate keyboarc or mouse events.

In order tc {acilitate the overview when working on large
and complex projects, the user van define names and short
descriptions st 22t lovel of input.
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ALGORITHMS AND DATAFLOW

The caleulstivn method of this tool is mainly based upon
the European CENS32 and the Swiss SIA380/1, atiowing to
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Figure 1: Flowchar showing the genaral structure and llow of data in ONLINE. The user defines the building, beginning from the
general description, then the building envelope thel refers to soveral construction eiemants. Thess reler 1o pre- or user-defined
compongnts referring themeelves 10 the tout material cataiogues that contein gli basic physical dats. Eacr levei of informalion
inctudies precaiculated intermedciate cata, ailowing for tast leedback as only refated information has 10 ba recalcuiated.
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take into account the effect of passive solar devices such as
transparent insulation (TWD). greenhouses, tromb walls

and mors, LX"""":! and well Ar\mn’-\.:r:!cr! program gorinte

allow for casy updating to new energy- slandards and
calculation algorithins. Future additional predesign tools,
such as simulation of solar cci’ectors and photovoltaics, will
be hased on simplified calculation methods. Data structure
ONLINE is based upon a modular structure aliowing future
tools of new complementary modules to be added,

Origin of dut

Three levels of data are required for building description :
1. gencral building data,
2. facade / roof / floor data,
3. quantitative description of envelope-components used
on each facade and their references to the components
libraries and the shading tool {(windows only).

Two levels are available for physical data :

1. All basic physical data are provided by 4 catalogues
{cach catalogue is devised into four categories: default /
standard / suppliers / user data):

¢ building materials,
s glazing,

¢ frames,

¢ masks.
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Two  libraries | of predefined components provide
precalculated intermediate results required in the
thermal balance algorithm :
e windows (composed of glazing, frame, masks),
e walls, roofs, foors (composed of materials
from the building material catalogue),
s lincar and local thermal bridges.

All data is easily editable and explicit externat files allow
for easy update through disketie or internet.

Meteorological data are provided through external files that
can be generated from monthly or hourly data (an import
filter for use with METEONORMI{4] is projected, su
aliowing to use ONLINE throughout Europe).

Organisaiion of the user interface

Data input is organised in an always increasing degree of
detail,

The user starts entering data on the general information
page. From there, one or several facades, roofs, floors, may
be dehined, each composed of different subtypes. Each
sublype makes reference to predefined or user-defined
building-components, such as multifayer walls, roofs or
flours, complete windows or lincar and local thermal
oridges.

Each building component is itself composed of one or
several material-resources defined in the celated catalogues.
They can be easily edited by means of the integrated
component editors (u-value calculator, window design
cditor, shading tool).

At each wuser event all dependent data is instantly
recalvulated, giving an ‘online’ feedback on the effect of
any medification

As each tevel of infurmation is referenced 10 the underlying
level, the modificatun of a parameter is sutomaticalls
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related and taken into account in afl dependent descriptions.
This‘ al]ows for paramelric studiu at CﬂLh lcvehof detail :
predcs:gn stage where the bmldmg struuure and dc!a:ls are
not vet defined} or choice of specific building materials and
their physical properties (e.g. the effect of changing the
thickness of thermal insulation, effect of changing between
different types of glazing, etc.).
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Figure 2 . input mask for tacade-definition. giving access 10
several types of envelope-components,
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Figure 3 : Qutline of the u-value calcutator.
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Figure < Outline of shading tool, to De completed with venical
shading Jevices, allowing for design of passive shading taking
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Cuitput

Onee a basic bujlding descrintion has heen defined, nne nr

several output-windows are available at a time :
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Figure 5 : Graph for trend of heating energy demand for
increasing thickness of thermal insulation { 0-22cm thickness).
monthly heat-balance (numeric and graphical output),
annual heating encrgy-consumption,

rend of the effect of succeeding modifications,
flow-chart giving more detailed information as to where
heat goes,

analysis of solar gains versus heat losses for windows,

* hardeopy giving a detailed building description,
intermediate calculation results and the mean u-value as
required for congtruction authorisation.

A more sophisticated comparison-tool, to be developed for
a future release of the software, shall give the possibility to
vompare user-defined projects and reference-buildings from
an integrated dmabase. Analysis will be available in form of
graphs {e.g. orientation of glazing. useful solar energy,
shape-factor, heating energy demand, etc.).
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Figure 6 : Proposed companng graph for annual origin of heat.
From left 1c nght : solar energy, internal gains, auxilisry hesting.

All numerical data can be instantly converted from the most
commeonly used units. Reserence values should help the
imexperienced user to situate his project,

Comparison as u busiy to better understanding

‘The only self-comparing heat-demaund analysis is necessary
but yet not sufficient. The aim is 1o invite the user not only

to comply with local or national heat demand standards ; a
to comply with local or national heat demand standards : a
link tn existing and  readily  availahle  envirnnmenig
including tens of case-studies such as DIAS]{) or PEM(3] is
planned for a future version and shall give inspiration and a
realistic base for comparison.

CONCLUSIONS AND OBJECTIVES

The architect has & most critical role in the building design
process. Although energy savings and additional costs for
passive solar design are difficult to quantify, energy savings -
must first be implemented in the building concept itself. It
only makes sense to consider technical installations and
active solar heating or cooling once the building envelope
has been optimised.

ONLINE intends to assist the architect and engineer in th®
task and if possible in the most efficient and helpful way,
This can only be achieved by speaking the architects
language (textual and graphical) and by organising
information according to the architects’ way. This is why
the software is being developed by an interdisciplinary team
of architects and physicists, both with a long experience in
the field of building-energy-systems.

Advancement and date of release

A beta-version of the software is available. The first
commercially available version will be ready by September
1998,

The software shall be introduced through seminars and
conferences but also through information in specialised
technical journals.

Future developments

ONLINE foresees the addition of two ‘external’ tools:
predimensioning of hot-water colleciors and predesign of
network-coupled photovoltaic systems. Future extensions
may also include summer-comfort, vapour-condensation,
urban solar geometry, catalogues of commercially available
materials... or integration of detailed information
concerning building-encrgy and ccology.

REFERENCES

I. DIAS, «Données [Interactives d'Architeciure  Solaire =,
interactive visval database on solar and low-energy buildings in
Switzerland, authors:  W.Weber, H.Drexler,  P.Gallinell,
P.Hacfel, IAUG, CUEPE, University of Geneva, 1991-19%7.
hup:lfwww.uni%e.chuepclenc:gctldin.hxm!

2. CASA, Ness Software Labor, Universitit Gesamthochschule
Sieg=n. abt. Bauphysik, F.-D.Hedt, 1984, hiptinesal.ume
siegen.de/softlatv/cass him

3. PEM, « PASCOOL Elecuonic Metahandbook », passive cooling
design  guidelines for Mednerranean climate & countrics,
interactive database developed as part of the European project
JOULE [, passive cooling of buildings, PASCOOL, suthors :
W Weber, B.lLachal, H.Drexler, P.Gallinelli, D.Gonzaler,
CUEPE, University of Geneva in collaboration with F Butera,

Polytechnicum of Milano, ' 199).1998,

hug_:;!www.unifc.clﬂcucre/cnc:gctl])cm.html

4. METEONORM. Global Metecrological Database for Solar
Enctgy and Applied Climatology, Swiss Federal Office of
Encrgy (OFEN), Bern, hitp://www meteotest ch/meteonorm




