
220 
·I I- I -1.uC:-. 'I fl 

TllE K 30 LOW ENERGY BUILDING SYSTEM : 
A THEORETICAL ANALYSIS AND EXPERIMENTAL 

VERIFICATION OF PERFORMANCES 

11. HENS, f. BOOGAERTS 
Laboratory of building physics 

K.U.- Leuven 
(Catholic University of Leuven) 

B-3000 Leuven, Belp,ium 

I. Introduction 

Energy conservation as a lever to introduce new technologies, new solu
tions, a better quality in the buildinp, industry, the K 30 building sys
tem may be seen as a step in that direction. From the first scetches, 

the major goals were: 
- the implementation of an improved technolor,y 
- using non-traditional materials 
- producing a very enerp,y efficient buildinr, 
- with minimal maintenance costs 

The whole design, including a prototype house, has been tested extensi
vely. That resulted in a building system with well-known performances 

The work was sponsored hy the government's office for scientific policy, 
in the frame of the R-D energy program, and by the company involved. 

2. The s ystem (2) 

The K 30 system consists of a modular, load bearinp, frame, composed of 
steel columns and wooden beams or trusses, spanning 3,9 m and mounted on 
a precast concrete slab, ~ith underside insulation (6 cm PSe), the slabs 
being laid above a crawl space (fir,. I). The outside skin is composed of 
wall-, window-, flat roof - and sloped roof elements. 

l il"t . 

lig, 

Composition: 

WALLS, fig. 2. 
. outside leaf in white-gray polyester 

concrete (PC), d = 23 mm. 
cavity, d = SZ mm. 
PS-i nsulat-i on , d • 150 f!111 . 
inside leaf , a gypsum boa r d - cavity 
gypsum board sandwi ch , with a polyes
ter laminate (PL) fi ni sh, t he cavity 
bei n1; used fo electrics and plumb ing 

WINDOWS 
. triple p,lazed · PU-elements 

FIAT ROOF, fir,. ). 
sai:dwich PL, 1.,'J "n - PU, 170 mm -
PL , 3,5 mm stiffened with wooden 

joist 

lig. 2 walls 

lig 4 sloped roof . 
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SL?P'.-D ROOF, fir,. 4 
Joists, embedded in PU 200 . 
an inside PL- 1 dd" ' mm. with 

d 
c a ing and an outside 

ark gray concrete t"l . 1 es covering 

For ~he inside partition walls" 
particle board/ca . I · gypsum-
board" 1 'vity r,ypsum-particle 

e ements are used b ti "d 
PL-finished. • o 1 si es 

The loft spaces of the slo d 
integrated in the • "d pe roofs are 

. tns1 e volume crea 
ting a charMing variety in r •f -look. oom .orm and 

h
The prototype house was electricall 
eated using l · Y p "d 'd . ow temperature radiators 
rovi e was a Mechanical venti la ti .. 

system, the exhaust air I . • on 
together with th k" h iein3 connected, 
h e itc en hood to a 
eat recovery unit Hot t ' ced sea .· wa er was produ-

ler : p rate!y, with an elrrtrical boi
in the kitchen and the bathrooM. 

J. The physical performances (3,4) 

J. I. Material properties 

Non-traditional materials are: 
- polyester concrete (PC) . d f" • a mixture of 

san ' .ine p,ravel and polyester r<>sin 
- polyester l,1min:ite (Pl.) · · 

Thermally important are: 
- the PU-foam, sprayed in 

d = 170 to 200 mm factory, 

- PS, used in roo h" I bl d = 150 mm m ig1 ocks, 

Measured: volumic mass ( ) .. 
heat ( ) h D • specific 

. c • t ermal conductivity (~) 
moisture uptake d · . • diff · . unng immersion (llw) 

us1on resistance ratio ( ) . ' 
absorption coefficient (A) ~ ' capillar 

Results: TABLE I 

! · 
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f\W \J ~d A 
MATERIAL p c 

20°c) (f\., 2s•c. (em ~ 

<l>m 60 ii 867.) 

kg/m3 J/(KgK) W/ (mK) kp;/m3 m kp/Cm2s0,S) 

0 0 
PC 2280 935 3,4 

0 "'0 38,2 
PL 1390 

-3 (,_ 66 0 0 0335+2,). 10 ~ PS 22' 7 ~~6,6i. m3/m3 
37 0 

PU 39,0 0 0,018 
t ~ m 0,025 

the non-traditional and insulating Table I: physical propert~es of 
materials, used in the K 30 svstem 

PC appears as a non-capillar, 
"th high thermal vapourtip;ht concrete, w1 

conductivity. • r harrier class 3 quality (Belgian stan-
PL works as an effective vapou 

dards - class 3 ~ 25 m -> \ld < ~OO m)t. . ls Nevertheless, the very low 
. I d insulattnr, ma eria . . . lu 

PS and PU arc hnt 1 r,oo · . '. h t. until an equilibrium va e 
starting ~-value for PU may rtse wtt ime 
of "'0,025 W/(mK) • 

3.2. Wall and roof elements 

inn of tlu· outside wall., fl:it roof :111cl 
Tht· det<1i led hyJ~rothr.rm:il ev:ilu:i~ th. lJ-val11P the steady harmonic ther-

l t ferrcd to. c ' ' · b l slop~d roof c cmcn 5 re d strain the moisture a ance, 
mal properties, hygrothermal stress an ' 
thermal bridges. 

Calculations were 
(I). 

"WANIJ"- ancl "KOl\RU 82"- software packar,es done with the 

. all in the test-house, using 
The U-value was also checked experiment I y . d moisture behaviour 

t Strrss anc str:ttn an . lonr, lastinr, llf'1-mr.:isnremen s. 
hav~ been control led by visual inspection. 

Results 

IJ-va lw~:: ( W/ (m?. K)) 

WALL (fig. I.) 

FLAT ROOF (fig. 3.) 

calculated: 

measured: 

calculated: 

measured: 

0 205 + 0,0105 
' 033- / , / O ,04 W/ (mK)) (0' .,. 'ps ~ 

0 19 + 0,024 
(~can-value, 5 - 95i. limits) 

0 165 + 0,025 
(0,025-.(' ~PUR ~ 0,035 W/(mK)) 

0 14 + 0,01 
(~ean-value, 5 - 957. limits) 
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SLOPED ROOF (fig. 4.) ca lcu lated: 0, 145 + 0,025 
(0,025( ~PuR< 0,035 W/(mK)) 

measured: o, 12 ~ 0,01 
(mean value, S - 95i. limits) 

These U-values and therefore the insulation quality are, compared to 
normal practice, extremely good. Apart from that, the elements proved 
to be really airtight, or, the thermal performances remain constant, 
independent of wind attack. 

Steady ha1"7710nic properties 

Outside wall, flat and sloped roof show almost no thcrm;il in<'rtia, th<' 
"24 hours" harmonic thermal resistance beinr. lrnrdly hir,her than the 
thermal resistance and the admittance between 0,6 and I (heavy construc
tion elements: Ad= 4 ii 5 W/(m K). Through that, some douhts exist about 
the summer reaction of the system. 

Thermal :;trcsn .ind strain 

In the prototype house, th<' outside IC':tfs WPTC' I ir.hL rr:iy coln11rpd ,whi Ip 
window .1nd attic elements had a cl:irk hrown onlside l'L-d~ddinr.. A non
stationary calculation showed important differences in outside snrface 
temperature, resulting in different strain and shear forces on thejoints. 
Already after I year, these showed cracks. 

The analysis r<'vealed no prohlcms with rain penetration, h11ildinr. mois
ture, surface condensation and interstitial condensation. 

Thcrmnl br£dgr?:: 

Potential thermal bridges are: 

- the wooden edge beams of the flat and sloped roof elements (fir,. 5.) 
- the joists in the flot roof ell'nents (fig. ·1.) 
- all lrcshnlcls (fi :~. (1.) · 

Of these, only the last worked as real thermal hridges, havinr. a hip,h 
linear U-value and a low temperature ratio 

U1, = 0,6 ~ 1,2 W/(mK) 

T ~ 0,34 



fig. s treshold 
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lig 6 edge beom. 

1 of the prototype ).J. Insulation leve 
house <4 • 5) 

1 uality of a hui~
To describe th~ terma lq d B 62-301 def1-
d' . the llclr,t:rn stanc ar linking the 

tnsr,t,l1e JNSULi\TlON LEVEL_K, h b ildinr, 
ne 1 (U) to t e u en~elopes mean U-va ue 
comnactness C, 

v c = -
i\o 

heated volume and i\o , with V the 

volume en,rc 1 ooe the heated . 
7 

) 
reference line (ftp,. . 

surface. The 

c ~I ii = I 

<c < J 
ii= 0,5 (l+C) 

ii = 2 

the better the p,lohnl 
I K 100 Th<• l ow•-r the_K, ilntPd If t.hnt lc>vrl 

.. cnl l1·rl i11,;11lnt ion lrvf' "" ;•xtr•·mrly wel I inst , ho~se hy calcula~ 
~~c~~al insulation. Y,h, ,.~ob:~~· ~ ;1c ckcd in the ~r~yto~y~eweeks co-heating tn 

1 d really, d method, an was reac1e . to the standar s 198J). 
ti ons nccord 1 nr, (Nov mher-Oeccmluir -

' i I'd ho11 sc · I t Pmpc r n th<' non-occ11p . . ,1 the outs I!" . I 
. · ous1y monttorr k hnri1.onta 

• ' W(' conttnn . ' on ., hlnc ' . ll(•d . ll ·1t co-h1·nt lllf,, . I tl'mpc•rnt11rc I south orl<'I 
During 1. 'v:11t·nl oulsl<C' tical north an< . 
ture (nc,)' t11<' <·q111 1'1.r radi:iLion on ;t. vcr • 
surf .1c<' ('1 ~)' th<' so • 
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surf ace (photovoltaic cells-Es) , the inside tempera tu res (O i) and the 
heating power ~E· 

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

QE a A + A10e + A20i + A3E
5 

wherein I 
vA

0 
+ 0,36 (lV (I) 

I n 
ei =n-.E.ei 

I (2) 

fl, the me<Jn basic ventilation raty in h- 1, was estimated from a pressu
ration test, r.ivinr, 0,J il 0, 1.5 h- . That r.1thl'r poor rrsul I, for .1 1wcha
nicol ly VPntiJ.1tcd buildinf?, in i:p i tc of thr excdlC"nl 11irti1:htness of 
"111 Is and rnofs, l.ed to correctinns on the win1low assC'mhly. The coeffi
c:ients /\, A1, A2 and AJ followed from a statistical analysis on all 
12 - hour :iean data, using 11 transfer function technique (3). 

Results 

Compactness C 1, 19 m (A. 358 2 
m ' 

v lo 2fi mJ) 

Mean U-va lue 0,32 W/(m2K) 

INSULATION LEVF.:L K 29 (I: 200 ff/( l+C) (3) 

Measurements Regression coeffi- Ao= J,8 a " kWh/d cients 

-A,,.,A2 = 3,5 a 3,7 Hlh/d 

A3 = -0, 11 a -0, '" kWh/d 

Comb in in~ equation (I) and (J) r,iv('s: 

INSlJL/\TION LEVl\L K 29 il K JI 

or, calculation and measurements ar,ree V<'ry well. 

The data also show a positive effect of solar r,nins on lhc energy use 
for heating. Nevertheless, Oi s~~ned linked to Oe and Es. Or, part of 
the solar gain was wasted in a unnecessary rise of Or. 

4. The energy use (5) 

On January, the first, 1984, the prototype house was occupied by a young 
family with 2 childr1?n. From J;muary to flPcC'mhcr 1984, thrir Pnrrr.y llSP, 

top,ether with thC' insiclc- nncf out~icle clirri.1tic condition~, wprr monil<,red 

in dC't,1i I, whi '"• durinr, the first 11 months, th<• fnmi ly "''" 1wtc"<I lhl' 
time, each d.1y, rooms, hot w.1tcr and .1pparatus w<'rl' ""'" · This inll'nsiv,; 
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follow-up aimed a better understandinr, of the cnerr.y household in a 
highly insulated building, and of the inhabitants' influence. Also a 
comparison with the predicted energy demand was searched. 

Results: 

All calculations were performed with a one zone, steady state software 
package, called "VERBRUIK"(1). Porameters: the heatinr: season mean insi
de temperature Tii, the heating season mean ventilation rate B, the h~t 
recovery effectiveness. The last was taken into account by lowerinr. 0 

to an effective value ~eff · 

Extremes calculated: 

'Ji 1 7°C 
q

11 
= JI 70 k\.lh/Y 

l'. o,r; 1 -1 F,.r r (), 15 h-1 
l , 

Or~rcc days: 880 

'!j 2o•c 

r; 0,9 h-1, F,ff 0,57 h-1 Der.rec days: 19)0 

The internal r,ains Q; (h<>us ehold, inhabitants) apports some 2370 to 
J 190 kWh/Y in the v,r os ~ hc nt ing demand. The sun r.ives ~ 21 SO kWh/Y net 
gains. The net eH ec: t <>f xhaust air heat recovery larr,ely depends on 
~he ventilation rate Ii and the efficiency of the unit. Compared to 
II = 0, S h- I, no he at rccovo ry, the res11 It was: 

fl. 
l 

17°C, l"e ff - 0, 15 h-1 

20°C, f,eff 0,57 h-1 

On a monthly ;,ml yearly b.1sis ( 1984): TABLE 2. 

-1980 kWh/Y 

+ 600 kWh/Y 
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MONTll ELF:CTRlCITY II EATING llOUSE- oe oi SOLAR Gi'.IN 
USE HOLD cs1° NL) 

WARM 
WATF:R 

H HH+WW 
kWh kWh kWh •c oc kWh 

J 2361 1540 
F 

820 3,0 20,) 
1890 1217 

89,9 

M 
673 2,4 19, I 

1576 953 623 4,0 
223,6 

A 993 453 
18, I 346,2 

540 8, I 
M 589 90 

19, I 656,2 

J 4 37 
500 10,6 19,5 436,8 

0 437 
J 296 

14 '3 19,5 654,8 
0 296 16,7 

A 448 0 
21 649,9 

s 
448 16, 3 21 

4 72 92 .(480) 13,8 
604,7 

0 726 166 
20 308,6 

N 90) 
(560) 11,8 19 28 I, J 

303 <600) 8,8 
D 15 .54 

18,5 170, I 
904 <650? /1. 5 18,5 81, I 

123115 5718 6687 
100% 46% 54% 

11505 ,2 

<>:until A t 19 
These plots ==~= it 

84
• the e~ec~ricity use was lop,r,ed each 15'. 

September l easy to d1st1nct between H and llll+WW From 
' on Y a global readinr, was available. · 

Table 2: encrr,y use in h t e prototype house ( 19811) 

Remarkable in the table: the low total cner 
l 

r.y use: hnl r the "'""" 
V1! '"' of for ll<'I · ' 1 " . ' r.i illl s tm1<l~rds' "norm;t 1-

y 1ns11l11tC'd r••ss · 1 r· . K 90 , ,.. . or o 1 I rl'<I K 70 l" 
houses (~ 25000 kWh/Y) (f. R) 

excell:nt insul11tion is r<'fl<':: ~~;.,, ;,:'r.~lhl' 
very htgh <'ll<'rr,y <'Conomy. 

·~h~Oh~lann· h~·1w .... n II '""' llll•WW: in K 70· -
70..,. 1011st•s with tlirect t~l<'clric:1I lic•;1ti11~·. 

· - 107., here- t1r,:z -)Ii'.". ' 

Tl ic rcs u] ts :llso ;1t!re{• , . •11 . I 
dictions: 5718 kWh>Y I .e h wit' tht• prc·-
3170 kl'I/ ays clween 

v 1 Y 11nd 8/100 kWh/Y E . 
OlC':Jsurr-<I . . ntcrtnr, lhC' 

. rnrq~y llS<', tlw "VEHIH!HIK"- f 
ware r,t·oc-rated as p:ir:tm<•lcrs : so I-

A; = 180e, flerr = o.~ ii o,5 1i-1, 01 .• 500 to 700 w. 

That rather h" h -
ficienc6 of tr, Oeff-value justified so d b ' the heat recovery unit. me ou ts about the cf-' 
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On a weekly basis: 1 t ·c1"ty use weekly mean 
weekly e ec rt ' 1 . 

As statistica~ correlat~on_b~t:e::ekly mean south facin~ ~";;t~~~);a1c 
temperature ~tfference k~i 1111+~ enerr.y use, we found · (r - ' 
cell output Es and wee y 

- O BS Q - 208, I (kWh/w) 
QE = 26,9 (Si - 9,,) - 4, 7 Es - ' HHl!W 

Th i s re l ation s hows I gains 
. t. e influence o f so ar QE and '!nH•·P·' - or• a - t he pos t iv . e f f i cient between 

- a l es s than I regr ~s sL ~~ ~o \JW lowers the he<lt in r, dem~n~z •c For K 70-
h i gher ene rr,y use or no l'IOre \]eat i nr.: Ile ~ 11 · . the 

It al so ~ ive" as t cl'!pera tu r e1i! 1s•c or, the he t te r t he insulation, 
K 90 \1{11..1.<;c~ , t hat value r anks d ( s ee pr edi c ted results). 
lo.,er the number o r der.ree ays 

5 . Sununer conditions 

• the summer situation in the pr?-
Apar t from calculated. simulations (fl)' 1984 (0 "1• Oe• Es)' with var1a

d in July-Aup,ust totype house was monttore 

tion n~: (0) closed (I) (X~) 
- curtains open ' closed (I) (X5) 
-inner doors open . (O), (I) off (0) (X6) (I: best, 4: worst) 
_heat recovery ~ntt. 0 .n ' ies (X7! I, 2, 3 , 4) 
-different vent1lat1on strateg 

h livinp, room gave on a daily 
analysis on all data for t e A regression 

mean basis : 

Oi = 7,9 + 
+ 0,056 E ; + I , 7 X 4 + 0,41leeJ' ,J' -1 + 0, 77 ee,j-1 s,J 

7 (r2 = 0,97) 1,6 x 5 - 0,17 x 6 + 0,85 x 

Outside temoerature with ~ l' ej ,.J-t: 
difference today-yesterday 

"d temperature of yesterday "le,j - I : outst e 

. . e influence of the curtains as 
That correlation r:veal:l:t~:~ ~~~~t~~sterday's ouside te~per~~~~:ra~~n-
solar device, a mRJOr r d d a positive influence o a 
the difference today-yester ay an (X7 = I) . 
tilation rate without heat recovery . 

l d imulattons. . w l I with the cal cu ate s . . 
/\ls o the rep,ression fitted.very e tures durinp, hot weather periods. 
. ' ' h' h inside tempera ' Both showed rath er ig 

daily mean value Oi ~ )loC 

cl;ii ly peak O·H~15o C 
1, 

. . n the mechanical ven-. I device, a summer pos1t1on o . . r inlet S "n effect1vP soar ('.= 2 h-1 vrntilat1on n1te, a1 ,t,~la ,tion, in<.111rlinr, continuously " iul :i slony floor on the concrete 
. ,. 1' th e heat re covery , a 

north, hyp11s s 11 f, I k' t hen hecamc· " must. 
s ) ab ; n 1 iv i ng ro om anr 1 c 
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6. Conclusions 

The ma jor result of t he work on t he K JO, i s t he fu l fi lmen t o f produ
cing a n energy effi cien t building sys t em. Compa r ed t o a tradi t iona l. 
K 70 - K 90 house , ha l f t he ene rgy cons umption i s measured , with a 
hi gher bi ll for Hll+WW than for beating. Th rough t hat , a see rch f o r fur 
t her hea t ing economi cs became of second order compa red to i mprovements 
in the HH+W energy use. 

Nevertheless, during the work, some weak points appeared: 
- the colour differences (dark ~-)light) between window + attic elements 

and outside wall 
- the threshold construction 
- a too high infiltration through the window frames 
- the lack of solar devices 
- no specific summer ventilation strategy 

a low inertia (only the concrete f loorslab is an active storap,e sur
face), with, as a result, a re~tricted floor finish choice . 

- the rather low efficiency of the heat recovery unit 

Before commercialization, these weaknesses have been cured. 

7. Ref erenccs 

(I) Laboratory of buildin~ physics, K.U.-Leuven, Software-packages WANO, 
RESPONS, VERBRUIK ~ KOBRU 82 

(2) Laboratory of building physics, K.U.-Leuven, Etap K )0 - system, 
part I, Theoretical analysis of the thermal performances, 1984 
(in Dutch) 

(J) Laboratory of building physics, K.U.-Leuven, Etap K JO - system, 
part 2, Measuring the thermal performances of the envelope, 1984 
(in Dutch) 

(4) Laboratory of buildinp, physics, K.U.-1.cuven, Etap K JO - syst em, 
part 3, Analysis of the physical properties and cons truction of the 
composing elements, 1984 (in• Dutch) 

(5) Laboratory of buildinr, physics, K. U. -Leuven, Etap K )0 - s ystem, 
part 4, Energy consumption, 1985 (in Dutch) 

(6) Laboratory of building physics, K.U. - Leuven, Etap K JO - system, 
part 5, Summer situation, 1985 (in Dutch) 

(7) Hens H., Wouters P., Boogaerts F., Study of a building syst em with 
low energy demand, technical report R-0 Energy, Governments' office 
for scientific policy, 1985 (in ll11tch) 

(8) Batech n.v., Etap K JO, Ontwerp, analyse en optimali satic, realisa
tie van een woninp, met laap, enerr,i<'v<'rhruik, 191!6 


