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THE K 30 LOW ENERGY BUILDING SYSTEM :
A THEORETICAL ANALYSIS AND EXPERIMENTAL
VERIFICATION OF PERFORMANCES

11. HENS, F. BODGAERTS
Laboratory of building physics
K.U.- Leuven
(Catholic University of Leuven)
B-3000 Leuven, Belpium

1. Introduction

conservation as a lever to introduce new technologies, new solu-
n the building industry, the K 30 building sys-

Energy
From the First scetches,

tions, a better quality i
tem may be seen as 3 step in that direction.

the major goals were:
- the implementation of an improved technmology
- using non-traditional materials
- producing a very energy efficient bui
- with minimal maintenance costs

1ding

se, has been tested extensi-

prototype hou
th well-known performances

The whole design, including a
ing system wi

vely. That resulted in a build

The work was sponsored by the povernment's office for scientific policy,
ram, and by the company involved.

in the frame of the R-D energy Drog

2. The system (2)

The K 30 system consists of a modular, load bearing frame, composed of

steel columns and wooden beams or trusses, spanning 3,9 m and mounted on
a precast concrete slab, with underside insulation (6 cm PSe), the slabs
being laid above a crawl space (fig. 1). The outside skin is composed of
wall-, window-, flat roof - and sloped roof elements.

Composition:

7 = wALLS, fig. 2.
Ll s . outside leaf in white-gray polyester
™ concrete (PC), d = 23 mm.
= - )\ . cavity, d = 52 mm.
pro— t"’ v . I?S-'Ensuhtion. d = 150 mm.
_j . inside leaf, a gypsum board - cavity-
11 - -
] gypsum board sandwich, with a polyes-
5 il ¥ ter laminate (PL) finish, the cavity
\ [ % being used for electrics and plumbing
| et F gl B g WINDOWS
SR . triple plazed PU-elements
d FILAT ROOF, fipg. 3.
S fig 1 . sawndwich PL, V.5 on - PU, 170 mn -
PL , 3,5 mm stiffened with wooden

joist

fig. 2 walls
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fig 3 llat rool

fig 4 sloped roof.
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SLOPED ROOF, fig. &4
. jol?ts: embedded in PU, 200 mm. with
;n inside PL-cladding and an outside
ark gray concrete tiles covering

For the inside iti

t partition walls "
' t alls "pypsum-
E1rtéﬁlc board{caultylgypsum~part¥£lem
oatd _elements are used, both sid
PL-finished. ' ~

The loft s

! paces of the sloped roofs

;?tegrat:d in the inside volume cre::e
ng a charmi i i :

b0 ming variety in room form and

The prototype house was electricall
heat?d, using low temperature radiaz
Provided was a mechanical ventila[io:rs‘
:i;;::;rt:? :xhaust'air being connected,
toge rccov;t th? kitchen hood, to a

uEe Separatzfyun;;;huot w?ter was produ-

. i an electri i

ler in the kitchen and t:ecL::;E:;thIq

3. The physical performances (3,4)

3.1. Material properties

Non-traditional materials are:
pol:est?r concrete (PC), a mixture of

. sand, fine pravel and polyester resi
polyester laminate (PL) "

Thc:mnlly important are:
—- the PU-foam, spra i
yed in fa
d =170 to 200 mm crony
= PS5, used in roomhi
igh bl
d = 150 mm ¢ ek

:easured: volumic mass (o), specific
e?t {c), thermal conductivity ()
:?;stuFe upta?e during immersion (éu)

i Eusl?n resistance ratio (u), ca ili
absorption coefficient (A) P

Results: TABLE |
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MATERIAL p c 1 hw I pd A
(8, = 20°C) (n, = 25°C,
dm = 60 3 867)
kg!m3 J/ (KgK) W/ (mK) kp/m3 - m kp/(m2s0%)
pc 2280 935 3,4 0 - -
PL 1390 - - A0 - 38,2 0
ps 22,7 - 0,0335+2,3.107% 466 - -
v €6,67 m3/m3
PU 39,0 - =0 0,018 = 37 - 0

t== 0,025

Table 1: physical properties of the non-traditional and insulating
materials, used in the K 30 svstem

PC appears as a non-capillar, vapourtipght concrete, with high thermal

conductivity.
PL works as an effective vapour harrier class 3 quality (Belgian stan-

dards - class 3+ 25 m « 1»d <200 m).
PS and PU arc hoth good insulating materials. Nevertheless, the very low

starting A-value for PU may rise with time until an equilibrium value
of ~0,025 W/ (mK).

1.2. Wall and roof elements

The detailed hyprothermal evaluation of the eutside wall, flat roof and
sloped roofl clements roferred to: the U-value, the steady harmonic ther-
mal properties, hygrothermal stress and strain, the moisture balance,
thermal bridges.
Calculations were done with the "WAND'- and "KOBRU 82"- software packages
(.

ally in the test-house, using

The U-value was also checked experiment
| strain and moisture behaviour

long lasting NFM-measurements. Stress and
have been controlled by visual inspection.

Results

H=values th(mzKJ)

WALL (fig. 1.} calculated: 0,205 + 0,0105
(0,0337¢ A € 0,04 W/ (mK))
measured: 0,19 + 0,024
{mean value, 5 - 957 limits)

FLAT ROOF (fig. 3.) calculated: 0,165 + 0,025
(0,025 € Apyg £ 0,035 W/ (mK))
measured: 0,14 + 0,01

(mean value, 5 - 957 limits)
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SLOPED ROOF (flg- 4-) calculated‘. U,l-‘iS + 0,025

measured: 0,12 + 0,01
(mean value, 5 - 957 limits)

These U-values and here e the insu ation qualit re, compared to
t for e 1 q Yy 2 r
E a a
normal ptactlce, Eth’BNEly g{’t}d. J\part from til:‘!t, the elemelrts proved

to be really airti
: ght, or, th m .
independent SF wing aEtaci_ e thermal performances remain constant,

Steady harmonic properties

Outside wall, f1
0 ¥ at and sloped roof sl
ot t o show almost no thermal in i
Mot reSiziz:nlc thermal rcflstauce being hardly hipher tﬁ:ilz; .
ce and the admittance between 0,6 and [ (heav; co;:t
ruc-

tion elements: Ad = 4 3
: N 5 W (m“K). T
the summer reaction of he syste;. hrough that, some doubts exist about

Thermal stresas and strain

In the protot
" 3 ype house, the outside 1 i
e Bratotd side leafs were lipht pray e » i
iy c;:éﬁlo:?mcnts had a dark hrown outside PL-clrdd?:n"r;dIWhllu
i 2 resu:g;:: ::o:?gf1mportant differences in outsidz-qur¥::;
ifferent strain he joi
Mrasdy SE Sesi. Chiis sroaenk stk and shear forces on the joints.

Moin tura I E(l’?‘!’(.‘t.‘
The analysis ov b ] H
¥sis revealed no rohl 5 i 11
Th a P ('I'I'I with rain penctration huildi ng mors
’ face condensation and int rstitial con 5 ion - -
ture, sur e 4 1 densat -

Thermal bridges

Potential thermal bridges are:

= the wooden edge beams
" WO € of the flat

g Sotets £ e OF B elo:cn:nd(?!oped roof elements (fip. 5.)
= all tresholds (i~ 0Hh.) : : e

O[ these, onl
' y the last worked a
. 3 s real th i % s
linear U-value and a low temperature rati:rrnal bridges, having a high

U, = 0,6 31,2 W (mK)
TR 0,34
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tig.5 treshold
totype
1.3, Insulation level of the prototyp
" ouse &z 5 l
3 -
i a bui
describe the termal qu:i;t222§0t B
ﬂ e i, the telein standeey B0 e
1y ;
2n‘“"”*' nes the INSULATIO ]

building
lopes mean U-value (U) to the
enve

compactness C,

Lo with the 'heal:ed volum &
= 1 v e and A

L]

The
ape surface.
ated volume envelop

|

the he v ) "
= reference line (Fip. 7

os——-

on ﬂA‘I’“, C (1 U=1
b )
I < U= M (
9 nsulation level | < 3 0.5 |+C
s« o nav on jeve e lower L e hetter e Uhnl
| 1 ¥ 100 't 1 K
fation 1 < Th W th 3 . ;
| mlat : th hett th 1
15 € I e

! . eyl reme h calculn:
.2 mpa“g{ I-;:::-d in the prototype hOESECo{heating in
e hﬂc“lc:E: method, and by a & weeks

andards

vember-Necemher 1983).

thermal insulation.
was reached r?ally, o
tiens, nccord!ng to t (hn
the non-occupied house

lf'll"!ll-lﬂl'(‘d the outs jde tempera=

H Qﬂtﬂl
ack, horizontal
rature on a bl B couth oriented

. = ng “Linuuns]Y

inp Lhat co-heating, we !:-idr tempe nd
During the cquivalent outs) 2 vertical north 2
Hire {”")‘F the solar radiation on
surface ("0)‘
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surface (photovoltaic cells-Eg)

s the inside temperatures (0;) and the
heating power .

The daily mean climatic data were linked to the 24 hour electricity use
Qg by a function:

Q = A+ A0 + 005 + AgE,
_ |

N ‘Bhu + 0,36 BV M

04

wherein = A

1
0: =
i

-M= &

(2)
1

Iy the mean basic ventilation ratf in h7', was estimated from a pressu-
ration test, piving 0,3 2 0,35 !, That rather poor result,
nically ventilated building, in snite of the excellent airtip
walls and roofs,led to corrections on the window
cients A | Ay Ay and A3 followed from a statistj
12-hour mean data, using a transfer function tech

for a mecha-
htness of
assembly. The coeffi-
cal analysis on al]

nique (3).
Results

Caleulations Compactness 1,19 m (AD = 358 mz,

Vo= 426 m3)

Mean U-value 0,32 wl(mzk)

INSULATION LEVEL K 29 (K = 200 0/(1+¢) (3)

Measurements Regression coeffi- A= 3,8 3 4 kun/d
cients
“Aix Ay = 3,53 3,7 kwh/d

Ay = -0,11 3 -0,14 kwh/d

Combining equation (1) and (3) pives:

INSULATION LEVEL K 29 a K 31

or, calculation and measurements apree very well,
The data also show a positive effect of sol
For heating. Nevertheless, 0

ar pains on the cerpy use
the solar pain was wasted in

j svemed linked to Oe and E_. Or, part of
a unnecessary rise of 0y,

4. The encrgy use (5)
On January, the first, 1984,
Family with 2 children,
topether with the inside
in detail, while, durin
time, cach day, ronms

the prototype house was occupied by a young
From January to December 1984,

and outside climatie ¢
R the first 4 months,
hot water

their energy use,
onditions, were monitored
the family also noted the

and apparatus were used . This intensive,
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ollow-up & med a better unders aﬂd. R f the enerpy Iwusehold in a

¥ ' i l“,'{) i i . lso a
f\‘l:lll insu;ated bui!ding, and of the 1nhab1tants' influence Als
1g

arched.
comparison with the predicted energy demand was se

Results:

Predivted net energy nae for heating
i e. steady state software
i erformed with a one zone, st es
“" C31C018t10ﬂ5"were le"(l) Parameters: the heating season mean 1:sat
g0 ; entilation rate [, the hea

atinp season mean V h
o h;he last was taken inte account by lowering B

package, called
de temperature M3,
recovery effectiveness.
ta an effective value DBeff-

Extremes calculated:

0, = 3170 kwh/Y

T 5 ! pepree days: 880
To=0,50, Fup =050

0. = B&OU KWh/Y
o= 20°C b

Ty B pk Deprec days: 1930
A =0,9n', flpp =057h

inhabhitants) apports some 2370 to

T i 0 kWh/Y net
i I. The sun gives ~215

] in the pross heating deTan( AW/ ne
JI?U kW?ii ;:t ef!:ct of exhaust alr_heat recntnry !:rggz;parzd o
?::ni;ntiiation rate I and the efficicncy of the unit.

& the result was:
= 0,5Nh ', no heat recovery,

The internal gpains Q4 (houschold,

= £ = L -1980 k“"lf'!
. 17 CI [ [4 U‘ I5 h ! n

e = = 0,57 W ! I'\(‘]“ = + 600 kwh)“!
Jl 20 C, [+ fF »5

Measured cunergy yoo

On a monthly and yearly basis (1984): TABLE 2.
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MONTIl  ELECTRICITY MNEATING HOUSE- g [H SOLAR GAIN
USE HOLD (51° NL)
WARM
WATER
H HH+WW

kWh kWh kWh *c °C lkWh

J 2361 1540 820 3,0 20,3 89,9
F 1890 1217 673 2,4 19,1 223,6
M 1576 953 623 4,0 18,1 346,2
A 993 453 540 8,1 19,1 656,2
M 589 90 500 10,6 19,5 416,8
J 437 0 437 14,3 19,5 654,8
J 296 0 296 16,7 21 649,9
A 448 0 448 18,3 21 604,7
5 472 92 <4807 13,8 20 308,6
0 726 166 <5602 11,8 19 281,13
N 903 301 <600> 8.8 18,5 170,1
n 1554 904 <650~ 4,5 18,5 83,1
12345 5718 6687 4505,2

1007 467 547

< 2>t until August 1984, the electricity use was logped each 15'.
These plots made it easy to distinct between H and HI+WY. From
September, only a global readinp was available.

Table 2: encrpy use in the prototype house (1984)

Remarkable in the table: - the low total cnerpy use: half the mean

kWh/moond

value of, for Belpian standards, "normal-
ly" insmlated, pass or oil ficed K 70 to

~

“OL K 90 houses (25000 kWh/Y) (fig. B)or,the
excellent insulation is reflected in a

\

/ very high enerpy cconomy.

“the balance hetween 1 oamd MOWW: in K 70-
K 90 houses with direct clectrieal heating

5 8 388

fig 8 healing demand k 30, compored

707% - Y07, here 46T =547

The results also auree goll with the proe-
dictions: 5718 kWh/Y lays hetween

3170 kWh/Y and 8400 kwh/Y. Entering Lhe
measured enerpy use, the "VERBRUIK-sof| -

to k69 -k WL ware generated as o P

B = 18°C, Perr = 0,4 3 0,5 h™!, 05+ 500 to 700 w.

That rather high ﬁ;ff-value justified some doubts ahout the ef=
ficiency of the heat recovery unit.

T’
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On a weekly basis:

As statistical correlation between weekly electricity use, weekly mean
temperature difference 0; = Oe» weekly mean south Eacing photovoltaic
E, found: (rl = 0,962):

cell output Eg and weekly HH+WW enerpy use, We

Qg = 26,9 (85 - 9e) - 47 Eg - 0,88 Q yyw — 208! (kWh/w)

This relation shows
- the positive influence of solar gains
- a less than | regression coefficient between Qg and Oy, or, 3

higher energy use for HH + Wi lowers the heating demand.
It also mives as temperature of nomore heatinpifle = 11 a 12°C. For K 70-
¥ 9 houses , that value ranks 14-15°C, or, the better the insulation, the
lower the number of depree days (see predicted results).

5. Summer conditions

the summer situation in the pro-

leulated simulations (8),
Der Eg)s with varia-

Apart from ca
y-August 1984 (04,

totype house was monitored in Jul
tion of:
- curtains open (0), closed (1)  (xh)
—inner doors open (0), closed (1) (X5)
—heat recovery unit on (1), off (D) (X6)
_different ventilation strategies (x7: |, 2, 3, &) (1: best, 4: worst)
A regression analysis on all data for the livinp room gave on a daily
mean basis:

g; = 7,9 + 0,009:5, j-1 + 0,77 8¢ j-1 * 0,056 Es'j + 1,7 X 4+

1,6 X 5- 0,17 X6 +0,85 X7 (c2 = 0,97)

with “Uej -1 outside temperature difference today-yesterday
1
fe,j-1 * outside temperature of yesterday
That correlation reveals a net positive influence of the curtains as
solar device, a major relation with yesterday's ouside temperature and
the difference today-yesterday and a positive influence of a higher ven-

tilation rate without heat recovery (X7 = 1).

ted very well with the calculated simulations.

Also, the repression fit
inside temperatures during hot weather periods:

Both showed rather high
daily mean value B; A 31°C
daily peak 0, yt 15°C

So, an effective solar device, a summer position on the mechanical ven-
tilation, including continuously a (= 2 1w ! ventilation rate, air inlet
north, bypassing the heat recovery, and a stony floor on the concrele
slab in living room and kitchen became a must.
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6. Conclusions

The major result of
b the work on th i
o £t e K 30, i
g an energy Effl:l:ﬂ! building system. é:m;::e;u:;t;m:n;d?f'FrOd"-
alf the energy consumption is measurc;. :;;:nzl

Nevertheless, during the work
the colour differences (darﬁ
and outside wall

- th: threshold construction

~ a too high infiltrati

- ion throu i
the lack of solar devices s

- no ifi [

oo l:ﬁez;:xi'summer ventilation stratepy

rtia
i i a:o:ly the concrete floorslab is an active st
- the rather iow. f Fefult, a restricted floor finish choi G o
efficiency of the heat Tecovery unit e

2ume‘weak points appeared:
2 lipht) between window + attic elements

Before commercializat on, these we knesses h ve been ured
i ¥ a 55 a e [+
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