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I ABSTRACT

* On the base of universally valid laws: energy conservation and the theorem of Fourier, the dynamic behaviour

Pl a room is traced back to only two most important parameters. With the aid of the so-called free-run

lemperature a generally valid strategy for low energy houses is deduced and its transfer to practice illustrated.

i With the climate surfaces, a planning tool is introduced allowing the strategic planning of low energy houses

bused on these two parameters. Finally the obsolescence of the passive-solar rules and strategies is
fdemonstrated.
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iIn the Jast 20 years, a lot of international research projects, congresses, books and papers have dealt with the
Wy, low energy houses can be built. Modern and partially very complex simulation programs have been
developed. A today’s architect however still misses a clear strategy he can follow to arrive at an optimised low
gy house in a given climate. For some specific situations and climates, some rules have been developed on
Hn empirical base, but they are not, lacking a clear theoretical background, transferable to other climates.

fom the point of view of a physicist, this situation is not very satisfactory. Based on universally valid
f‘m(_iamemal laws as the conservation of energy, the authors will therefore show in the subsequent chapters, that
] “M}OW such a strategy can be developed and transferred into concrete measures on a building. Because of its
Y“Cﬂl l_)ackgmund, this strategy will be valid for any thinkable building in any given climate of the world.

“Way It must be realised however will very much depend on the specific situation.

THE APPROA CH

] ;.' first step, the law of energy conservation for a room (and therefore also for a building) is considered:

GIO 42y~ K-(9(0)-5,0) =22 o
3 l Input - Loss = Increase
A (9= solar radiation intensity [W/m2]
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i ised loss factor, normalised to the external surface A, [W/mzK]
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> €t contribution of heg;

ting/cooling elements [W/m?): Pp>0: heating, Pnc<0: cooling
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- Pyne: contribution of internal sources [W/m?]
For thin storage layers (walls, ceilings, floors), the heat deposited in can be expressed by means of the storage

capacity C, related to the external surface: dQ =C-d§, and one obtains:

490 g 14y 106y B4 P
(t)+7 z =9,()+y-1(t)+ o+ @)
with the abbreviations:

T= % [s, h]= time constant of the room, demonstrating the length of its thermal memory or its thermal (5)
inertia
G |m*-K . . .
Y= X 7 = gain-to-loss factor or solar correction factor to the external temperature, taking into (6)
account the influence of the solar radiation.
This differential equation for the time development of the internal temperature already allows some
conclusions: :
1. The room is dynamically completely described by only two constants: y and 7.
2. The effect of the weather or climate is described by a simple meteo-function ®(t)=4,(¢)+y-1(f) (7)

P,,;<(I) (and not by Py(t) alone!)

3. The effect of the HVAC equipment is fully determined by

4. The HVAC equipment acts as a complementation of the weather (as well as the internal sources).

In order to keep the internal temperature at a constant value 9, (=20°C as example for winter), the change o_f
the internal temperature has to be kept at zero:

e = 8,010+ 5D s B()= K- {80 (20047 10} ®
®
(the internal sources left apart without limiting the validity). 'i .

Putting the HVAC equipment and the internal sources in a next step apart, one obtains a differential cqualiggi.
for the time development of the internal temperature under the pure influcnce of the climate: the ﬁce-n&}
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- R:(t)f K'ﬂf‘f;l(’)"'r'l(,)]-gmx}: K'[‘gt(t)_'gmu]+6'1(r)
he crossing of the comfort limj
' The cccesh equipment,m ort limits by the free

From this facts the strategy immediately follows (Fig.1):

(12)

~Tun temperature thus determines the switching on and off of
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Fig. 1: Refat
' tion between ﬂ'ee-run-temperature, meteo-function and heating power and energy.

temperature: » : ?lr;tegy:
dat) ﬁ O Minimise the energy need for heating and/or cooline i N
)+ ' B 8.()+ yol(t) ©r ;’{}‘5' has to be designed by its time constangt T an; c;::;:::gf ;:ta any given climate, a room (or building)
% femains most of the time within the comfort limits or ysuch that the free-run temperature

Its solution for thin layers is:

A
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i

‘§ . Kfeping the loss fact
t

or K low almost always helps to kee

1, 4 ~(-r)s , K , i Minimising of the solar tr; o P the power needed low. In wa i
iy 4 . . A : ansmiss, . 3 . rm climates a
3 (t) - I e [Se(t ) +y I(t )] dt (10) T increase of G helps also, ion G helps, whereas in cold climates a limited (not too much!)
-0 v 'f .
a convolution integral of the meteo function CD(I) with a memory function, demonstrating the exponéntt “t’: This Strategy is valid everywhere, fro
> m a s

decaying thermal memory of the room. For layers of finite thickness, the solution is more comp
principally very similar, see Appendix.

As aresult, one concludes:

® The free-run temperature of a room can exactly be computed based on the weather data.

e [t depends only on the two constants of the room: y and 7

THE STRATEGY

From the above mentioned results, the strategy can be developed in a straight forward way:

o The time development of the internal temperature is completely determined by the weather and r 3‘1“

e As long as the frec-run temperature remains within the comfort limits {.9,““, < .9,(1) < .9,,,.,} no inté!
of the HVAC equipment is necessary: Ppc(t)=0. N,

e As soon as the free-run temperature attains the comfort limits and risks to cross them, the weather I
complemented by the HVAC equipment:

B(0)=K {800 ~[8.0)+7 10D =K |90 - 8,(0)]-G - 1()

licated bi& i pace shuttle to the i ; ] .
) ¥ay however, how it can be wransposed i o the igloo of Eskimos to a hotel in Saudi Arabia etc.

d i

nto reali .
building: available mat ality depends very much on the climate and the other

Undary condit
tions of a i ivi i
erials, living habits, user requirements etc..

S MEREALISATION

For. :
a }ransposnion to reality,
. .ous' to be Investigated, a h
Rteo.. < 2Ccording to which

2l o i i
: Armonic function
Presentation to be a

one must know what effect a change of
armonic representation of the climate val
any reasonably well behaving function ¢
s. In fact, the Fourier-analyses of real w
ver good approximation of reality:
-' 4 =3 T

e : L(0)=3 +a8 cos(@-1)  I(t)= T+Alcos(w-1 +p) with =27 7. 24k
Ly, 2 e daj). ol 4 £

| &mg thig a.n:[y?;? values (9, 7) and the daily amplitudes ( A§,,Al),

] iy nlodel Weather one obtains for the free-run temperature;

i f)=.9, +48 vcos(a)-H-gp')

¥ nn'd 7 has on the free-run, temperature,
ues is used. This is based on the theorem
an be represented by infinite series or an
cather data easily shows, even the first

(13)

(14)
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From these expressions the effect
The solar factor ¥ shifts the mean va A0
the time constant 7 however influences only the amplitu

(Fig. 2)
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Fig.2: The effect of ¥ and 7 on the free-run temperature

The realisation of the strafegy consists thus

In the cold part of the year: '
o First inihiﬁing the mean value of the free-run temperature upwards int
e this also increases the daily arr.nplitud'e,

e secondly in limiting this amplitude, if necessary,

In the warm part of the year: ,

e First in shifting the mean value 0 '
o this also decreases the daily amphtu(.ie, .

« secondly in limiting this amplitude, if still necessary,

According to the nature of the two principal parameters ya

measures:
G

Increase of y =—

=

@

Increase of 7= —IZ ;

. L . -
1, there will be contradlctmg'reqmremen
LI'; %z?\?;?l by an overall year compromise or by adaptable elem

f the free-run temperature downwards into th

Increase of G: Window size, glazing type (tot

or decrease of K: U-values of external pa_rts, aif inﬁltratilo;;-
Decrease of ¥ :ina corresponding way, including sun shading.

Increase of C: internal surfaces, material (thermal effusivity b=y4-c' P )s

or decrease of K: see above.

by means of a large enough time constant T.

e comfort range with 7, " j’
by means of a large enough time constant 7. l

nd 7, there exist many ways of re

al solar energy transmission)

e}
between the warm and the cold part of fhe yeaf(-a i
ents as sun shading, variable air chang® ==

15) The specific technical properties of the building elements involved limit the optimisation process. The strategy
and its realisation, however, as explained above, allows in any kind of climate to find the best solution. The

graphic representation of the free-run temperature for different values of yand 7 helps a lot for a first

d influenccs also its amplitude, orientation.

ASIMPLE PLANNING TOOL: CLIMATE SURFACES

In order to work in practice with this strategy, it could be helpful to have a direct representation of the above
relations. This can in fact be obtained in different ways:

The Most Concise Representation

According to the above relations the power needed for heating and/or cooling can directly be computed from
the weather-data. The necessary corrections by the HVAC equipment to the weather is given by:

Al Pt

—',5—) =M,(67.7)=9,, - [2()+7-1()] and —‘KQE (7,7)=[9.(0)+7- 1()]-3,,, (16)

The time constant does not appear explicitly in these equations but it is relevant for the switching on and off of
the HVAC equipment.

The maximum value of the temperature (weather-) corrections over a year can be registered and represents the
design temperature difference for heating or cooling: Il,m(y,r). As a function of two parameters it can easily
be represented by 3D-surface directly indicating this value for any kind of room: Power-surfaces.

T'hc integration of the momentary temperature or weather corrections betwecen the switching on and the off-
times directly yields the energy used for heating orcooling:

’a(l-f) ’2()’.’)
Efnt)= [R()dr=k- [0,0r.0)-dr=K-Q,(.7)
4b.s) alr.r)

(o

P

(17)

t(r.r) nr.r)
Efnr)= [R()-dr=k- [0,(7,7)-d'=K-Q,(.7) (18)
4r.r) alr.r)

The functions <Y, 1(7,1) represent a3 time integral of lemperature differences so-called generalised heating-

e v

o the comfort range With 7, gree-days. Instead of one number for the traditional heating degree days, they represent functions of two

PRameters and they include the effect of the solar radiation and of the thermal inertia. These functions can also
iepresented as 3D surfaces, directly indicating these values for any kind of room: Energy-surfaces.

The Basier 1o Interpret Representation :

n;vf“l'lctlons ,, (#,7) and Q,.(7,7) are the most concise possible representations of the energy and power
. ®ations, but not so easy to read because of the factor K which has to be multiplied to get the real power and
alising 0 ::;gl&l.g';)eted l_fone accepts the fact that th? specific storage capacjty of rooms falls in about 3 to 4 classes from

g wing 1 we|ght. to very heavy construction, on can separate this value out and directly give represcntations
Ert © specitic power and energy need as a fuqctnon of G and K. The latter are easier to understand for the
oner and the power and energy need can directly be read out. The only procedure still needed is its

Sition from values related to the external surface to those related to the floor area to armrive at
hally comparable values.(Fig.3)

, ;-CO_NCLUSIONS
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- Vading

0 ha Y two universally valid laws, the energy conservation and the theorem of Fourier, the authors
} Ve definitely shown, the thermal dynamic behaviour of a room and therefore also of a whole building
tood from first principles. Only three parameters are necessary for a complete description. It turns
Possible to respect the solar contributions in a way corresponding to the dynamics of the room and
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Fig.3: The heating cnergy (per sqm of external surface!) as a function of G and 1/K for a typical mid hmf

structure (C=1 MJ/Km2)
ng-degree-days. The results of this work haS.',.b‘A‘”_" £
0

respecting the comfort limits by means of generalised heati
consumption of several different real buildings 18

tested extensively by comparison with the measured energy
operation with very good results.

The strategy itself is of a very simple form which can easily be
The free-run temperature plays a key role. Instead of pretending a high accuracy by me :
simulation tools at a late phase of planning, the strategy can already be applied in the very carly stal
planning, guiding the designer in the right direction.
As a nice illustration for the power of these tools, the dependence of the need for heating energy o1 the WITEE

partition and on the glazing quality has been investigated (for the climate of Zurich). [t turns out, for hi
glazings, the energy need becoming almost independent on the partition on the south-side (but & ¢09T%
north side being much lower then the need for a vet¥

emerging above about 40%!) and even on the
insulated wall . This opens new perspectives of design freedom for architects and proves some.

rules to be wrong.
The whole passive-solar excrcise seems to the authors to become definitely obsolet

managed to give any clear strategies neither quantitatively nor even qualitatively, nor ¢
of general enough validity to be transferred to different climates.
Software tools allowing the work with climate surfaces are available on request fro

locations of the world.
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