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ABSTRACT The 'Solar Garden House' is an example of a recently developed
concept for energy conscious building design. One of the striking features of the Solar
Garden House, designed by architect Jon Kristinsson, is a huge sun space connecting
two small housing blocks. The sun space is meant as an air collector from which
heated air can be conducted through a cavity wall in each of the mentioned housing
blocks.

A preliminary computational study, carried out at Delft University of Technology,
indicated that the contribution of the cavity wall was negligible. This paper reports on
a study dealing with the alternative use of the sun space as a device for pre-heating air
for ventilation purposes. Also the impact of local building legislation (concerning
ventilation in buildings) on energy savings has been examined.

Figure 1 shows an image of the Solar Garden House as built in the Netherlands.
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Figure I:  the Solar Garden House

1. INTRODUCTION

In the Netherlands recently a number of Solar Garden Houses have been built.
However without preceding computational study. To obtain a reliable estimate of the
energy performance of the system a computational study has been carried out at Delft
University of Technology. Main conclusion of this study was that the contribution of
the cavity wall, meant as an energy-saving building component, was negligible [1].
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The here: dxscpsscd study deals with the alternative use of the sun space as a device for
pre-heating air for ventilation purposes. Main goal is to compute and compare energy
demands for the following design options for use of pre-heated air:

a. the original 'Solar Cavity Wall' concept.

b.  alternative ventilation strategies.

c. combination of a and b.

2. VENTILATION STRATEGIES

Three differfent ventilation strategies have been considered:

a.  No air exchange between sun space and house. Both sun space and house are
ventilated with fresh air. See figure 2a.

b.  Air exchange between sun space and house. The amount of air moving from the
sun space to the house equals the amount of air moving in the opposite
direction. Sun space and house are also ventilated with fresh air. See figure 2b.

c. One-way vent}latlon from sun space to house. In this case pre-heated air from
the sun space is transferred to the house. See figure 2c.
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Figure 2:  ventilation strategies.
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3. ASSUMPTIONS

n space as a device for
s 'a.nd Rompat Stk A physical model of the Solar Garden House has been made in which the different
e ventilation strategies are included. Energy demands for the different design options
have been computed using the finite element based computer program BFEP [2].

In computing the energy use for heating purposes an auxiliary heating efficacy of 90
percent has been assumed. All computations are based on actual U-values and other
relevant constants of all parts of the building envelop. (The Solar Garden House is
very well insulated,; it has an insulation package of 0.13 m and triple glazing.)

For all variants complete mixing of all incoming air is assumed in the sun space as
well as the house.

The outer climate - air temperatures and solar irradiation - is simulated by means of
the reference year for the Netherlands.

¢ air moving from the Within the house three different temperature zones are distinguished. For each
gl the opposite . temperature zone ventilation fold and thermostat settings can be set separately.
1;:::;“ agir uéee figure 2b. In all calculations concerning alternative ventilation strategies the ventilation of the

case pre-heated air from cavity wall is turned off.

sun space and house are

4. APPROACH

- The energy savings of all considered variants will be related to the energy consumption
of a reference house. Reference house and Solar Garden House are identical, except
for the following aspects:

a. insulation package of 50 mm.

b, standard double glazing.

cavity

S = Enﬂwun - Evaian v 100%
E rofhouse
X Erethouse = energy consumption of the reference house per year [GJ]
% Eviant = energy consumption of the considered variant per year [GJ].

e legis_lation on ventilation is divided in two parts: legislation concemning the
sount of incoming fresh air in a room and legislation concerning the origin and the
lion qf the air. The last mentioned part prescribes for specific rooms that the
10D air must be outside air. It is clear that this legislation imposes restraints on
: &C Sun space as a pre-heating device, as the air in the sun space is not outside
‘ t_'ore energy savings will be considered for two situations:
iegislation concerning ventilation is applied. Further consideration results in
* Via the sun space for air exchange between sun space and house and 58% via
- space for one-way ventilation from sun space to house (see table 2).
E}Slahon concerning origin and destination of air is neglected.
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For a fair comparison of the different variants the ventilation fold of the house (Nhouse)
is kept constant at 0,9 h'. This value is the lowest ventilation fold allowed for the
house itself. The ventilation fold of the sun space (N space) Varies depending on
ventilation strategy and applied or neglected legislation. For all variants the
contribution from pre-heated air from the sun space to the ventilation of the house is
indicated in percents of the total amount of air needed for ventilation of the house.

5. RESULTS

For the reference house and the operational Solar Garden House the following results
are obtained:

variant: remarks: ventilation folds: energy consumption | savings:
per year:
reference ‘normal’ insulation; | N pece = 0,5 h™' 30,16 GJ -
house cavity wall is nOt | Npowe =0,9 b
operational
Solar Garden [ air flow rate in cavity | Nmupace =0,5 h™ 20,94 GJ 31%
House wall; 303 m*/h Npouwse = 0,9 b
Table 1: computational results for the reference house and the operational Solar

Garden House.

Computations in accordance with all local legislation produce the following results for
the different ventilation strategies:

ventilation remarks: ventilation folds: energy consumption | savin
strategy: er year: s:
no ar exchange |cavity wall nOt | Nungpece =0,5h” 20,76 GJ 31%
between sun space | operational Thowe = 0,9 h™!

and house (0 % via sun space)

air exchange [ cavity wall not | N e =0,5 h™ 19,70 GJ 35%
between sun space | operational TMhowe = 0,9 h™*

and house (16 % via sun space)

one-way ventilation [ cavity wall not | Nuneece =0,7 " 17,24 GJ 43 %
from sun space to | operational Thowe = 0,9 b

house (58 % via sun space)

Table 2:  computational results for the alternative ventilation strategies in

accordance to all legislation.

For all variants this is the lowest energy consumption attainable according to current
Dutch legislation. Results are shown graphically in figure 3.
Neglecting the legislation on origin and destination of the air the results change to the

following:
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ventilation remarks: ventilation folds: energy consumption | sawings:
strategy: per year:

no air exchange [ cavity wall not | Nynques = 0,5 h™ 20,76 GJ 31 %
between sun space | operational flhows = 0,9 h™*

and house (0 % via sun space)

air exchange | cavity wall not | Numspace = 1,2 h7 13,96 GJ 54 %
between sun space | operational Mhowe = 0,9 h!

and house (100 % via sun space)

one-way ventilation | cavity wall not | Nunpaco = 1,2 ™ 16,10 GJ 47 %
from sun space to | operational fhouws = 0,9 h*

house (100 % via sun space)

Table 3: computational results for the alternative ventilation strategies neglecting

legislation on origin and destination of the air.

To demonstrate the limitations caused by Dutch legislation on ventilation these results
are also shown graphically in figure 3.
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Figure 3:  comparison of different ventilation strategies: the Solar Garden House
(SGH), no air exchange between sun space and house (1), air exchange
between sun space and house (2) and one-way ventilation (3) according
to all legislation (a) and neglecting the legislation on origin and
destination (b).
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. CONCLUSIONS AND REMARKS

. All here discussed alternative ventilation strategies have a lower (or nearly equal)

energy demand in comparison with the operational Solar Garden House. As ‘no air
exchange between sun space and house’ practically equals the energy demand of
the operational Solar Garden House the contribution of the Solar Cavity Wall is
shown to be nil.

. Comparing the three alternative ventilation strategies in accordance to all legislation

'one-way ventilation' gives the lowest energy consumption.

. Neglecting the part of the legislation that prescribes origin and destination of the

ventilation air, 'air exchange between sun space and house' is the best option.
However, this option does not guarantee a sufficient amount of fresh air in the
domestic building, as part of the ventilation will be with recirculated old air.
Therefore this option is theoretical only.

. The performance of the house applying 'one-way ventilation' could be improved by

more flexible interpretation of the legislation: considering the air in the sun space as
outside air. The only condition is that the quality of the air in the sun space (being a
kind of outdoor space) should be guaranteed.

REFERENCES:

L

van der Voorden, M; Tumbuan, E; and de Wilde, P. (1995), Computational study
on a new concept for low-energy design: the Solar Garden House. Proceedings of
the Building Physics Symposium, Budapest, p179-183.

. Augenbroe, G.L.M. (1986) Research oriented tools for temperature calculations in

buildings. Proceedings of the International Conference on System Simulation in
Buildings, Liege.

SIMULATION (
ORGANISNM

Ttaru T

Laboratory of built ¢
1-28-1
Tel:+8

ABSTRACT The purp:
composting plants, whicl
Simulation was made so
temperature and the masse
composting tank, The
composting tank is, the hig
is. In a case of a small cc
shortens the first-order-fer
most active,

1. INTRODUCTION

In Japan, especially over
substances as fertilizer wea
year after year the amoun
has increased and the space
said that it is necessary t
sustainable one, within whi
certainly one of the import
and other areas,

Passive technologies
discussed to a great extent,
it is also necessary to disc
foods, drinking water, g
consideration is important
issues associated with heati
worthwhile studying the fe:

This paper describes t
of garbage. We try to e:
composting tank affects the
tank and the first-order-fert

2. MODELLING OF A




