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l. I NTRODUCT JON 

state University, 

In 1950 he Regi on of Lomb;..r dy , School Building service, started a 
pila pr gram for e ner gy conserv~tJon ~nd solar energy applications in 
educational bu ~ld J ngs. Du r ing t he period 1981-1984 preliminary energy 
audits wer e ca rr i ed out . rundG were allocated and several energy saving 

measures were i mplemented . In order to assess the cost-effectiveness as well as technical 
performances i was decided that field monitoring should be 

performed on these buildings . 
/Is a f irst step a suitable ~et nodology was developed . The main aim 

Of this me t ho<'lology is to answer he question: 

how well do the retrofit measure perform ' 

11 0 at empt is made to undersLand the details of the performance 
mechanJsm. The cost a nd ease of i mplementation or the methodology were 

lmportan consideratjons tor he f inal choice. 
111 !I" !al I I YEl1 ''" mr> lmrlo l <>qY Wil~; set.-ur to monitor two school 

building!>. Th e ~onto r rano SCll<>Ol and tile Lanzada School we•" 
instr ume nted as case studies i n t he late tall of 1984 and they are 

presented here. 
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2. SITE AND BUILDINGS DESCRIPTION 

The Hontorrano Eleme11tary 
School (rig· lA) is located about 5 
Km. south east of the city of Como. 
The microclimate of this site r el 
the effect f e s o the region around the 
lake of Como with moderately cold 
winters and warm summer. 

The school building is made with 
c~ncrete frames. Two class room 
~~~;s are built on a gently sloping 

side and are r~tllY below 
ground level on the corridor side 

· e section connecting (fig. 18) Th 
the two wings is two storey. The 
qrourid floor has a Cll!<Lodian'" 
apartment and school off ices. The 
first floor contains the gymn. 
The major retrofit measures were: 

- increased envelope insulation 
- doulllr gl;,z.ing ol lllr cJa~:aoom 

wirHlOW!i, 

- jn~lalJation 

system with a 
of a vent.ilation 

solar air heater 
- irnprovemen t of regulation system 

The Lanz.~da El ement~ry School 
(fig. 2A) is located 20 Km. north 
of the city of Sondrio in Regione 
Lombardia. It is at the end of 
V<1Jm«lenco (a side valley of 
Valtellina), ~elow the Bernina Ranae 
- in the Alps. -

The microclimate is typ;cal of 
snowy winter 

sunny days a11d cool 
the high alpine belt: 
and spring with 
nights. Summers are moderately 
\.:arm. 

a mason~y bullding 
stones, i11Lett1«llv 

with bricks (averag~ 

The school is 
m~rJr~ Wilh massive 
covered 
thickness 
compact 

70 cm.). The school has a 
shape ""ith all the 

c li\ssrooms facing south. lt is a 
:tu1>e storey building witl• a small 
~ymn at the lowest level (Fig . 2B). 

Thro major retrofit measures were: 
- 111creased envelope insulation 

llorth side. on 
- Double glazing of all windows on 

l11e North side. 
- Jnsulation of the loft. 
- Jnst~llation of solar alr heaters 

r1r1 Soutl1 f~cadP connected 
vr:nt jlat io11 sys Lem. 

Figure;::> A lJINZf\lli\ :-r:1 frll. 

fl\C/\llf. llf1F.R lll":ll~flT ...---

I~ r. .. 
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3. METHODOLOGY AND DATA COLLECTION 

The chosen methodology is aimed to determine the passive gains and 
to evaluate the thermal performance of various building subsystems 
(conventional boiler, solar air heater, etc). The conduction heat loss 
coefficient (UA) and the infiltration rate were obtained respectively by 
means of co-heating and tracer gas measurement techniques. Both of these 
are standard techniques and are briefly described later in this section. 

All energy sources, such as the heat supplied from auxiliary heater 
and solar air heaters and internal gains were monitored. Using these 
monitored data, energy balance for the whole building is performed. The 
following equation is used to determine passive solar gains: 

Q.passive = Q.loss - Q.auxiliary - Q.internal - Q.collector (l) 

Q.loss is made up of three parts: 

Q.loss = Q.conduction + Q.infiltration + Q.ventilation ( 2) 

were Q. 's are the various net heat losses or gains through the building 
envelope. The measured indoor-outdoor temperature difference, total 
heat less coeffic;ent (UA) and infiltrat;on rate are used to calculate 
Q.loss assuming steady state conditions. 

For short time intervals (less than a few days) this assumption is 
not valid, Since the time constants Of the buildings are Of the order Of 
few days. However, for periods greater than a week the thermal mass 
effects are small, and fully neglegible for seasonal energy balance. 

The heat delivered to the building is composed by: (i) heat given 
off by the hot water circulating through the convectors, (ii) the heat 
supplied by the forced hot air, which is preheated by the solar air 
heater and further heated by passing over a hot water radiator (only for 
the Hontorfano system) and (iii) the passive gain through glazings and 
opaque surfaces. 

The measured values of inlet-outlet temperature differences and the 
flow rates of hot water and forced air at various points along the flow 
paths, are used to determine the heat delivered by the hot water 
convectors and the solar air collectors. This information, when used in 
equation (l), yields both opaque as well as transparent passive 
contributions. 

The data collection was limited to a level adequate for carrying out 
the performance evaluation using the methodology outlined above. This 
;ncludes the measurements of temperatures, insolation, auxiliary 
heating, hot water flow rates, mixing fan on/off time, humidity, wind 
speed etc. All probes were calibrated in the laboratory before field 
installation. 

The Solartroo Schlumberg~r ORION ;~ used for data logging. IL 
allows some conversion on probes, counters unit a:nd measures of events. 
The data were recorded on a cassette tape and later transferred on to 
the VAX 11/750 system via Modems and Telephone Line. 
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Tracer gas measurements. 

. 
rl,l'(I~ J - l.AIQAM ~rrt. 
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The tracer gas measurements were 
done at different places ir. each 
building: class rooms, corridors 
and gymnasium. The measurements 
were made under natural as well as 
forced ventilation. The gas (SF6) 
was injected and allowed to mix 
for approximately half an hour. 
Four to five samples were taken 
from each space at successive 
intervals of 15 minutes. The 
concentration of SF6 was then 
measured using gas chromatography. 
From the SF6 concentration decay 
rates, the air exchange rates were 
obtained. Figure 3 shows gas 
decay at Lanzada school in three 
different building zones. 
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Coheating measurements. 

The main purpose behind coheating technique was to check the 
calculated heat loss coefficients with field measured values. Due teo 
several technical problems, the standard coheating method using 
electrical heating could not be carried out for the whole buildings. lt 
was therefore decided to perform tests on single rooms and to use tll!' 
results for evaluating the conductlon Joss coefficient for olher part 

0
r 

the buildings. The following procedure was used: electrical resistance 
heaters replaci>d normal auxiliary system in the zone under test. 
Corridors and adjacent rooms were kept at constant temperature by using 
the regular heating systems. From the information on temperaturrs, 
electrical auxiliary heating supplied and the SF6 decay rate during lhe 
test, the heat loss coefficient could be calculated. Since tliP 

buildings have large thermal.mass, special care was taken to ensure that 
the indoor temperatures were•constant. Furthermore the experiments were 
conducted during a night proceeded by many overcast days. It was round 
that this brings to values 30-40~ lower than the values calculated 
according to Italian Standard UNI-CTI procedures. (see Table I) 

TABLE I - UA Values (W/C) TABLE JI - Infiltration 
Rates (ACH) 

(Utll-CT!) Heasured Occupied Unoccupied Before After After Fan ON Fan OFF 

Hontorfano 
HONTORFANO 

Classroom 313 187 130 Classroom 2.78 o.so 
Corridor 2.28 a.so Hontorf ano 
Gymn l.96 o.~.o Whole Big. 6054 5044 3430 

LANZA DA Fan OFF Lanzada 
Classroom 0.60 0.41 Whole Blg. 2311 1744 1145 Corridor 2.00 l. 86 

-

. ~-

·; . ,·, 

- · 
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4- UJITh ~N~LYSIS 

The main objective of the data analysis was to determine the total 
heat losses, auxiliary energy used, internal and solar gains. The solar 
energy contributions consist of two parts: the energy provided by the 
solar air collectors (active part) and the passive solar gains. 

Total Heat Losses. The heat losses through the building, due to 
conduction. infiltration and ventilation. were calculated assuming 
steady state conditions. ~s mentioned earlier. thiS assumption is valid 

for periods longer than the time constant of the building. 
The conduction heat losses were calculated using the value of conduction 
loss coefficient (U~) as determined above and the measured 

indoor-outdoor temperature difference (OT). 
( 3) 

SUHj (Uft)j • UTj • V 
Q. con duel ion ,. 

The infiltration heat losses 
rate determined From tracer 

were calculated using the infiltration 
gas measurements and indoor-outdoor 

temperature difference. ( 4) 

Q.infiltration = SUHj (Vj • Rj • ra •Ca • OTj • Ot) 

The Ventilation Losses were calculated using the ventilation rate 
and indoor-outdoor temperature dif!erenc~ - ftn equation very similar to 
Equation (4) is used to calculate ventilation rate for the ran-on 

~uxiliarY energy is provided by hot water radiators. The energy periods. 
supplied by the hot water was calculated from the information on 
inlet-outlet water temperature differences and water flOW rates, and the 

on-time of the circulating pump. 

Q.auxiliary 
F * rw • Cw • DT • Dt 

(5) 

th ~pace 
were: Vi 

Rj 
OTj 

ra/rw 
ca/cw 

Volume o! the 
ftir Jnf iltration Rate for the j th space 
Temperature difference between the j th space and outdoor 

OensitY of air/water 
specific Heat capacity of air/water 

Ut ourations 
r Water flOW Rate 

internal Gains: the information on the number of occupants. time of 
occupancy and the lighting level was used to evaluate internal gains. 

Boiler Efficiency: the fuel flow rate and the burner on-time gives 
the total oil burned and finally the oil burned along with the auxiliary 
useful energy delivered, gives the heating system eff icienCY· 

Solar contributions: the measured values of the air flow rate 
through the collector, the inlet-outlet air temperature difference and 
the time for which the fan is on, were used to calculate solar active 
contributions supplied by the solar air collectors. An equation similar 
to Eq. (5\ is used for this calculation. Finally the passive solar 
contributions are calculated subtractively using Equation (1)- However 
any errors m~de in the calculation or g.1oss and Q.aux are lumped into 

the passive con tr ibut ionr;. 
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5. RESULTS ANO DISCUSSlON 

Montorf ano Elementary School 

The heat balance 
building for the was performed in three 
stages. In t the he first stage onl 

classroom heat Y 
analyzed ( balances were 

see Table III A) 
class rooms h · The 
and hence coll:~; l:rge ~lazings 
amount of sol considerable 

ar energy Th 
of 28\ (

2
0\ . · e value 

for the l passive; 8\ active) 
O day period looks good. 

The corridors which 
stro~g thermal coupling with 
receive very little . ener direct 

qy. fts expected thP 
conl~1butions drop to 15\ 
passive, 4\ active) for 10 
period (see Table Ill B). 

For the whole 
1 

building 
so ar contribution is 18\ 
passive and 3% active). 

have 
rooms 
solar 
solnr 
(JI\ 

day 

lhe 
( 15\ 
The 

solar gains 
rooms and 

due to lhe I ilct 
building has 
facing glazing 

slight increase in 
over that for the 
corridor case is 
that the ma in 
considerable south 
(see Table 111 B). 

The heating system f var· d e ficiency 
Thie between 50.l\ to 58.1%. 

e boiler was sized 
heating requirements for the r t before the 

e rofit measures. Since 
retrofit measures reduced th I the 
load considerably, t~e b ~eat 
operates more interm·tt o1ler 
lowering the effi·c· i ently, thus iency. 

The highest hourly eff" . 
for the solar . icienc-y 
is 50.7% and air collector system 
10 da . the average for the 

ys period presented 
34. 6\. These here is l values are rather 
f~:tand the reason is due to the 

that the glazing of 
collectors were found def :ome 
For clear sk ective. 
heater y days, the solar air 

system is near! 
efficient w"th . Y 40"• . i istantaneous value 
as high as 65.1%. 

TABLE III 11 

CLASSROOM MARCii , 85 

TABLE JII [l 

Cl.ASSflOOMS t. COllll l llOflS 

TlllJLE 111 C 

WffOLE Olll LO 1 Nr. 

wa .... = ..... 

---------..-

~o . ... 



To understand the pertormance 
of the solar collector, tne neat 
balance for one day is presented 
in Table IV. 

The solar contributions to the 
heating energy requirements are 
quite reasonable although, for 
building licensing constraints, 
only 42.5 m2 of solar air 
collector were installed instead 
of the 130 m2 originally planned. 

Lanzada Elementary School 

Two 12 day periods were 
analyzed . The two periods are 
representative of typical spring 
2nd autumn climate. 

TllltiTlg lll< ~ twt·)V(~ di!Y p~rj n (J 
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in autumn ( NoverntJer) siY. days wNe 
sunny and six days were overcast. 
In March, eight days were sunny 
and four days were overcast. The 
a verage ambier1t temperature i s 
nearly the same during these 

periods. 

The bar chart in Table V shows ; 
the hourly auxiliary delivered to ~ 
the building and the solar energy 
incident on collector plane for 
a period of three sunny days. 

The heat balance calculations 
were oerformed for the whole 
buildin~. The results for 12 days 
period in March and November 1985 

are Pl"t-"'~"'ted ( T:liJ 1 e VI Nd VI I) . 

The daily energy balance has 
little meaning, because of 

different shifts in the various 
contributions due to the transient 
effects through the thick walls, 
but the results avereged over 
twelve day periods are nearly free 
of thermal mass effects. 

The building collects a 
considerable amount of solar 
energy: the south facade ha• 8~ m2 
r,f rJi r ,.r: t 'l;1 in rlf'' ' t I ur P ( wi nrlow ~ .) 
and })() m2 of coileclor area out 

Tf\ALE JV 
MONTORFANO MARCH 20, 1985 
SOLAR COLLECTOR llEAT BALANCE 

. · ~--· · -- -· ' . 

'Tf\111.I·: V 
1.f\MZf\IJf\ I ti- I ',-I')- NOVEMllEll '!l!1 

1..1.11.1111 

t7,,.l O•IM "'" "' 

Tf\llLE VI 
J,f\NZAIJf\ Mf\RCll '85 
fllllLOJNG 11Ef\T BALf\NCE 

v ,1 o, .... r"·J a . ... 

~ l.JIJ 

of a total of 380 m2 of the south 
facade area. 
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The collector efficiency in 
the two periods doesn't exceed 30\ 
and 20\ respectively. This low 
efficiency was mainly due to 
incorrect positioning of the fan 
in the air circulation loop (at 
the inlet to the collector instead ~ 
of the outlet) which provoked ~ 
excessive air leakages in the 
region of the collectors. The 
measured air flowrate is 1200 m3/h 
leaving the collectors versus 3200 
m3/h of air forced into the 
collectors and pushed through. 

TABLE VII - LANZADA - NOV. ' 85 
9UILDING HEAT BA~ANCE 

, .. II ,. 10 ,. ., 
IZZl -· 

~ ..... ~a • .,. 

The total solar contribution, with respect to the total load, is 30\ 
in November and 39\ in Karch; respectively 25\ passive , 5\ active and 
27\ passive, 12\ active. The results are good and the collector 
contribution will increase if the existent ventilation unit is moved to 
the attic as suggested. 

6. CONCLUSIONS 

The results show how trivial errors in insta :: ling solar components 
can lead to lower energy performance and considerable waste of energy. 
To date, many solar systems have been installed in Italy. However, due 
to lack of detailed knowledge of solar systems and to underestimation of 
increased complexity of hybrid systems, the effect of these systems 
often does not correspond to design expectations. These constructive 
deficiencies are very dangerous, because, by giving a negative 
demonstration, they reduce the potential uptake of correctly installed 
systems. The defects noted show an impelling ne~d for the training of 
qualified personnel in design, installation an management in hybrid 
solar systems. 
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EROBEOECKTES BUEROHAUS MIT HYBR!OEM SONNENENERGIESYSTEM, 
KONVEKT !VER CHAMAELEOtl-FASSAOE UNO GEROELLSPEICHER 

KURT HAAS 
Haas + Partner AG, lngenieure + Planer 

CH-8645 Jona 

1. Konzept 

Der langliche BUro t rakt von 10/20 m ni1TJT1t die ursprUnglic he HUge lkuppe l inks 
ab und ersetzt diese in kUnstlicher, erdbedeckter 8auwe ise . Das ganze Ge1 6nde 
steht dem Wohnhaus als GrUnflache wieder zur Ver fUgung. Die konsequen t e Au s
bildung einer Temperaturschichtung von SUden nach Norden, in Form von Puff er-

zonen, reduzier l di e Warme
Bild I. GtJamlOM$ichr • OM SiideM ; linlu trdhedtck1<r Burobau. '""" 11'41,n · ver I us te. Das Fens t erband 
houJ ist mit 3.20 m im SUden 

weit geoffnet. Dies leuch
tet am 22. Dez., mittags, 
den Arbeitsraum in seiner 
ganzen Tiefe aus und macht 
so aus der "erdbedeckten 
Hohle" einen lichtdurchflu 
teten Arbeitsraum. Mi t dem 
Luft- und Fensterkollektor 
wird bei Sonneneinstrahlung 
warme Luft eneugt , die 
durch einen Ventilator in 
den Gerollspeicher geblasen 
wird. Dieser erwarmt sich 
und gibt die Warme passiv, 
durch eine Zwischenisolation 

Bild 2. Dachauf•ichl trdbedeckl, bepffaM%(. Di• Spitlwi<J< ;,, •olbtiiMdi~ be· verzogert' an den Raum ab. 
groMI und miteiMtr RandbepffaMZuMg •mehtM Die Arbei tsraume s ind von 

diesem geschlossenen Warm
l uftsystem unberUhrt und 
werden individuell durch 
FensterflUgel belUftet. 
Freie Luftzirkulation zwi
schen BUro und Reduit sowie 
Oberflachenmaterialien mit 
hoher Warmeleitfahigkeit 
fUhren die eingestrahlte 
Warme in die Gebaudemasse 
ab und sorgen so fUr eine 
hohe thermische Tragheit 
und somit fUr ein ausgegli
chenes Raumklima. Zur Er
weiterung des Strahlungsan· 

gebotes , ist vor der Fassade ein weisses Band aus Steinplatten als Reflektur 
ang el egt. 
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2. GebaudehUlle, Erdbedeckung 

Der GebaudehUlle kommt bei jedem energiebewusst konzipierten Gebaude 
grosse Bedeutung zu. Dies gilt natUrlich umsomehr bei erdbedeckter Bau
weise . Der Dachaufbau ist wie folt ausgefUhrt: 

18 - 24 cm 

2 x 60 mm 

1.2 mm 

60 rml 

200 g/m2 

30 - 50 cm 

Bet on 

Oampfsperre 

PU 

Kunststoff-Folie 

Polystyrol-Sickerplatten 

Fi ltermatte 

Humus 

Zudem wird durch die Erdbe
deckung ein erheblicher, 
oekologischer Beitrag gegen 
die Verbauung unserer land
schaft geleistet . 

Der Wand- und Bodenaufbau 
ist analog. Die Isolation 
ist im Bereich Boden/Wand 
in einer Starke von 200 mm 
durchgezogen. Nur statisch 
notwendige Punktauflager 
durchdringen diese. 

Bi/dJ Pufferzonen. Die Temperalur nimmt Yon sqJen noch Norden ob 

0 l ' > 
rL_JI 

Bild 4. Schniu durch do• Gthnudt 

,. 
.'~ · 

.. 
:·. 
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3. Kollektorfassade, Gerollspeicher 

Bild 5, Perspekri~·e Kollekrorfassade/GerOllsp1+ 
cher 

Bild 6 Die Chamiileonfcusade dunk.el. au{ Ab-

rnrprron ernRe.nelh 

Die Kolleklorfassade besteht vertikal aus 
drei verglasten leilen: der BrUstung, ~~m 
Sichtteil und dem Oblicht. Im Querschn1tt 
von aussen nach innen folgen : Stahlfenster, 
thermisch getrennt, lsolierglas 2-fach; 
Luftzwischenraum 15 - 20 cm; Holzfenster , 
lsolierg las 2- fach, resp. BrUstung als Sand
wich aus Eternit, weiss, und 100 mm PU. 

Die Fassade kann einem Chamaleon gleich -
der thermi schen Si tu a ti on entsp.re:hend, f~rb-
1 ich verandert werden. In der Spe1:herp~r 1 0-
de (21. Aug. bis 13. Apr . ) werden 1m Brust 
ungsbereich schwarze Absorber aus ~teckme
tal 1 eingesetzt; im Oblicht - und s1:htbe
reich stehen die Lamellenstoren - m1t0der. 
brauenen Seite nach aussen - un~er 4~ · 01e 
Fassade ist dunkel, auf Absorption elnge
stellt . Im Sommer werden die Absorber aus 
dem BrUstungsbereich entfernt, der welsse 
Eternit wird sichtbar; im Dblicht- und . 
Slchtbereich stehen die Lame11enstoren m1t 
der weissen RUckseite zur Sonne. Die Fassade 

Bild 7. Die Cl1amiileonfassade wein, au/ Reflelc
rit>n einRtlttllt 
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ist weiss, auf Reflexion eingestellt. Grosse Thermo-Klappladen, die am Tag 
einen Teil der Oecke bilden, werden im ~inter in der Nacht und Ubers Wochen
ende von Hand heruntergeklappt und reduzieren so den Bruttowarmebedarf um 28% . 
Ein zweistufiger Ventilator walzt die Luft temperaturgesteuert um . Thermo
syphonzirkulatian in der Nacht kann nicht ausgeschlossen werden. 
Bi/JlJ. 

Bild9. E"t'Jitbifa"r 1982/83, So""'""in.Ytrohlun~.YWtNt AZ 190• , 1,1ilcal 
Jo11a""'""JJt11 ' 

"Wll/MON&f ... 
"""' 

2000 

...,.,,,,.-....o< 92 19] 

~ u .. ,. 
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U<ltGO.EHN~ "' NJt,..zo 
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Z?OO IMfrl 11 "· 
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4. Energiebilanz 82/83, 
Energiekennzahl 

Durch die konsequente Isola
tion betr~gt der Bruttoener
gi ebedarf noch 94.8 kW/m2a. 
Oieser wird zu 31 % durch 
Bel euci1tu119 und Personen 
(Strom gemessen) und zu 11 % 
als Nettowarmebedarf durch 
die Oelheizung des Wohnhau
ses gedeckt (gemessen). Die 
Warmeverteilung erfolgt 
durch Niedertemperaturheiz
korper mit Thermostatventi
len. Die Heizsaison dauert 
vom 6. Dez. bis 19. Febr. 
Es wird nur an Wochentagen -
vor und wahrend der Arbeits
zeit - geheizt. Der Restwar
mebedarf (ca. 58 %) wird 
durch die Sonne gedeckt. Ein 
Solarimeter misst die momen
tane, tagliche und monatli
che Einstrahlung auf die 
vertikale Fassadenflache. 
Der Stromverbrauch fUr den 
Ventilator betragt 1-1 .5 % 
der Bruttoeinstrahlung. 

Die Heizenergiekennzahl be
tragt 52 MJ/m2.a und liegt, 
verglichen mit konventionel
len Bauten, bei ca. 10 %. 
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5. Behaglichkeit, Gebaudetragheit 

In Diagrammen wurden die gemessenen Temperaturwerte als Wochenminima und 
-maxima aufgetragen. Die Raumtemperatur (Bild 11~ erreicht in den Sonnen
spitzenmonaten das Maximum am Nachmittag bei +29 C. D8rch NachlUftung 
sind dann die Temperaturen am Morgen wieder auf 24-25 C. Die grossten 
Schwankungen pro Woche sind in den Monaten Dezember und Januar zu ver
zeichnen, da bei diesem kleinen Sonnenangebot - auch bei einem strahlen
den Tag - die Storen kaum gezogen werden, sodass vol le passive Sonnen
energienutzung vorliegt. In der Periode vom 16. Dezember bis 5. Januar 
wurde das Gebaude wahrend lB Tagen ohne Fremdenergie sj8h selbst Uber-
1 assen. Die Raumtemperatur betrug am 5. Januar noch +17 C. 

Die Speichertemperatur (Bild 12) hat Ende August ca. Raumtemperatur ange
nommen und steigt dann bei Speicherbeginn, durch das grosse Sonnenangebot 
im September, um ca. +3°Cllloche. Aus den Kurven ist zu entnehmen, dass 

nicht ein Wochen-/Monats-/ 

,,o It' •.J . • D•t)ll. 

... 

... 

" 
Bild JO. Bodenrtmperatur, min./max. pro Wocht 

H r"~···"I 

U •t ., • 'T • II 

,.,,. , 1Sl'9l , 1 a11 . t ~. r .,. ,.
1 

:no.. ''"""·1,..,, _..__,__n_ 
Bild 11 RaumremprrarurP." min./ma.x. pro Wncht (Jchraffiertt 110cht - BU-
rozerr) 

oder Saisonspeicher defi ~ 
niert werden kann. Grob ge
sagt, lasst sich die Septem
berwarme in den November 
"retten". Dies sind immerhin 
2 Monate. 

Die Bodentemperatur 
(Bild 10) weist wesentlich 
kleinere Schwankungen auf 
als die Speicher- oder Raum
temperatur. Die Klinkerplat
ten wirken sehr temperatur
ausgleichend. 
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Bild 12. Speichtrremperarur min./mcu. pro JVoche 

...... t SM. I tat . I .,.. ....,_ l rffl'.119', 1,.,,.n I"'' 1...,, • r .11>1t 

Bild I 1. Aus.senltmperarur min./max. pro Wocht 

· I 

,..,._ r Ste, , , 0111 . 

Tabe!le 1. Klima und Gebiiudedaten 

Klima: 
geogr. Breite 
Hohe ilber Meer 
Fassadenoriemierung 
Heizgradtage (ZHSMA) 
Gebaudeabmessuneen: 
Energiebezm!sf!iicn'"e 
ml SIA mit S~eicher 
m 1 SIA ohne Speicher 
Kollekto~fliichen netto 
Gerollspeicher 
Thermische Gebiiudemasse 

J.7° !5' 
500 m 
AZ 190° 
3718 HGT(Jahr) 

213 m= 

1180 m1 

1075 m1 

41 m= 
60m1 

C = 80 kWh/K 
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6. Kosten, Wirtschaftlichkeit 

(Ka italkosten + Heizkosten) pro 
Vergleicht man die Jahresg7sam~kost~n ven~ionellen Bau, setzt den k~n-
m3 fUr den BUribau H + ~ m~t ein~~e ~~ergiekosten aber 10 x hoher e1n, 
ventionellen Bau ~O % bill1ger, = 6.34 %, Heizoel Fr. 80.--/100 kg, 
so ergibt sich (Zins 6 %, 50 J. a 
Geschosshohe 3.0 m): 

H + P BUrobau 
konventionell 

Fr. 347.--m3-Preis 
Fr. 312.--

52 EH MJ/m2a 

Kap. + Amort./m3.a 22.43 

Energiekosten/m3.a 0.33 

520 

19.78 

3.25 

Gesamtkosten/m3.a Fr. 22.76 

98.8 % 

Fr. 23.03 

100 % 

also auch gegenUber einem gUnstigeren 
Oas Gebaude ist Ener ieverbrauch wirtschaftlich: Rechnet 

BUrobau mit einem 
man jedoch das 
so lassen sich relativ ~!~!:~: mit ~nd ohne aktive Son~e~energ1eanlage, 

~~:;~~~ 86'000.-- Mehrkosten kaum amort1s1eren. 

K-Werte. n1fln- arm . . 

12cm PU, 0.210\Vlm'K Decke 
0.230 Wlm'K W<1nd 12 cm ru. 
o 170Wlin'K Boden 20cm ru. 
1,600 W/m'K Fens1er: Tag 
0,350W/m'K Nachl 

Betrieb QH-MOOW (n - 0.30) Tag 
QH - 4600W (n -0.15) Nacht 

Encrgiekennz;:ihl: - 46 Mllm' o EH 01 (~ - RO%) - 6 MJ/m' • EH Ventilator 

EH _ fleizenergiekennzahl - 52 MJ/m'a 

EEL • Energiekenn7.ahl Strom - 70 MJ/m' • 

E - Total . - 122 MJ/m' a 
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7. Probleme 

Die Isolation ilber dem Gerollkoffer ist zu dilnn, es liesse sich !anger 
und hoher speichern (ev. ohne Fremdenergie). Der sonrnerliche Warme-
schutz kann noch verbessert werden. Im Winter setz_t sich Kondenswasser 
im Luftkollektor an (aesthetisch), das aber problemlos abgeleitet werden 
kann. Das Betreiben der Anlage ist technisch ein fach (nur ein Venti la torl, 
bedingt aber gute Wetterbeobachtung und ein Gefiihl fUr die einzelnen Ein
flussgrossen. Durch Fehleinschatzungen des Wetters, konnen die Solltem
peraturen in den Randzeiten unterschritten werden. 

Tohellt! J. Dartn l.11f1l«Jlfrlaor/Grrrilbpdchtr 
(Vergldclr" "'" wdtrrrrr t11/1knll"~'orrn sfrhe{ J}, S~ ~I I 7) 

Vcntilatorsturen STI ST2 

Vcn1ila1orleistung 265 w 6JO 
Ventil011orlcis111ng/m 1 Koll. 6.5 W/rn 1 15,4 
LuhgcschwindiRkeit 

K:rnal I.SJ mis 4.56 
Kollektor 0,07 mis 0.20 Max . Slundcnleislung 590 m'lh 1760 Max. S1undcnleis1Ung/m 1 Koll . 14,4 m'lh 4) 

Sreucrnng· 
TemperalurdiUerenz Lamclle/Speicher 10 "C 
Kollektortemperalur 40 ac 
Max. Tagesleistung 
Kolleklorrl:lche nello 
GerOlh:peichcr 
GcrOllspeichcr/m' Koll 

DruckdiUerenz Iota I 

14 670 m'/d 
41 rn 1 

60 m'. JO kWh/I( 
0, 73 kWh/Km' 
1,46 m 1/m 1 

II mm 1120 

w 
Wlm 1 

mis 
mis 
m'lh 
m' 


