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IEA ANNEX XIV "CONDENSATION AND ENERGY'' 

PREFACE 

THE INTERNATIONAL ENERGY AGENCY 

The International Energy Agency (IEA) was established in 1975 within the 
framework of the Organisation for Economic Cooperation and Development (OECD) to 
implement an International Energy programme. A basic aim of the IEA is to foster 
cooperation among the 21 IEA Participating Countries to increase energy security 
through energy conservation, development of alternative energy sources and 
energy research, development and demonstration (RD&D). This is achieved in part 
through a programme of collaborative RD&D consisting of forty-two implementing 
Agreements, containing a total of over eighty separate energy RD&D projects. 

ENERGY CONSERVATION IN BUILDING AND COMMUNITY SYSTEMS 

As one element of the Energy Programme, the IEA sponsors research and 
development in a number of areas related to energy. In one of these areas, 
energy conservation in buildings, the IEA is backing various exercises to 
predict more accurately the energy use of buildings, including comparison of 
existing computer programmes, building monitoring, comparison of calculation 
methods, energy management systems, as well as air quality and inhabitants 
behaviour studies. Sixteen countries and the European Community, 
BELGIUM, CANADA, CEC, DENMARK, FEDERAL REPUBLIC OF GERMANY, FINLAND, GREECE, 
ITALY, JAPAN, NETHERLANDS, NEW ZEALAND, NORWAY, SWEDEN, SWITZERLAND, TURKEY, 
U.K., U.S.A., 
have elected to participate and have designed contracting parties to the 
Implementing Agreement, covering collaborative research in this area. This 
designation by the government of a number of private organisations as well as 
universities and government laboratories, as contracting parties, has provided a 
broader range of expertise to tackle the projects in the different technology 
areas than would have been the case if participation was restricted to 
governments alone. The importance of associating industry with government 
sponsored energy RD&D is recognised in the IEA, and every effort is made to 
encourage this trend. 

THE EXECUTIVE COHPIIlTEE 

Overall control of the programme is maintained by an Executive Commitee, which 
not only monitors existing projects but also identifies new area where 
collaborative effort may be beneficial. The Executive Committee ensures all 
projects to fit into a predetermined strategy without unnecessary overlap or 
duplication but with effective liaison and communication. 
Twenty- five projects have been initiated by the Executive Committee, more than 
half of which have been completed: 

ANNEX 1: Load energy determination of buildings (*) 
ANNEX 2: Ekistics & advanced community energy systems (*) 
ANNEX 3: Energy conservation in residential buildings (*) 
ANNEX 4: Glasgow commercial building monitoring (* )  
ANNEX 5: Air infiltration and ventilation centre (*) 
ANNEX 6: Energy systems and design of communities (*) 
ANNEX 7: Local government energy planning (*) 
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ANNEX 8: Inhabitants behaviour with regard to ventilation (*) 
ANNEX 9: Minimum ventilation rates (*) 
ANNEX 10: Building HVAC system simulation (*) 
ANNEX 11: Energy auditing (*) 
ANNEX 12: Windows and fenestration (*) 
ANNEX 13: Energy management in hospitals (*) 
ANNEX 14: Condensation and energy (*) 
ANNEX 15: Energy efficiency of schools 
ANNEX 16: BEMS 1- User interfaces and system integration 
ANNEX 17: BEMS 2- Evaluation and emulation techniques 
ANNEX 18: Demand controlled ventilation systems 
ANNEX 19: Low slope roofs systems 
ANNEX 20: Air flow patterns 
ANNEX 21: Energy efficient communities 
ANNEX 22: Thermal modelling 
ANNEX 23: Air flow modelling 
ANNEX 24: Heat- air moisture transport in new and retrofitted insulated envelope 

parts 
ANNEX 25: Real time simulation and fault detection 

ANNEX 14: CONDENSATION AND ENERGY 

The idea to start an Annex on mould, surface condensation and energy grew in 
1984-1985. In September 1985, a workshop was organised at the Leuven University, 
Belgium, focusing on the state of the art in different countries. This workshop 
revealed a real lack of overall knowledge and understanding, on the levels of 
data, modelling and measuring. 

The Annex objectives were formulated as: 
- providing architects, building owners and practitioners as well as 

researchers with a better knowledge and understanding of the physical 
backgrounds of mould and surface condensation, including the critical 
conditions for mould growth and the influencing material properties; 

- to introduce better calculation models, taking into account air, heat and 
moisture transfer,in order to predict properly the phenomena of mould and 
surface condensation and to validate possible solutions; 
to develop energy conserving and cost effective strategies and 
complementary design methods, techniques and data for avoiding mould and 
surface condensation in new buildings or preventing further degradation in 
problem buildings. 

At first 6, later 5 countries: BELGIUM, FEDERAL REPUBLIC OF GERMANY, ITALY, 
NETHERLANDS, U.K., joined together for 3 years of intensified research on mould 
and surface condensation. The shared work included case studies, common 
exercises and the draft of a source book, a catalogue of material properties and 
a guidelines booklet. Also the national research efforts were scheduled in 
accordance with the Annex 14 scheme and the results brought together and used as 
base for the Annex publications. 
Seven working meetings of 3 days each were held, the first to build up a common 
knowledge, the last to discuss research and reports and to elaborate a common 
performance philosophy. 

(*) completed 

PAGE ii 



IEA ANNEX XIV "CONDENSATION AND ENERGY" 

LIST OF EXPERTS CONTRIBUTING TO ANNEX 14 

OPERATING AGENT 

K.U.Leuven. Laboratory for Building Physics, represented by Prof. H. Hens, head 
of the lab. 

NATIONAL EXPERTS 

Beleium 

ir. E. Senave, K.U.Leuven, Lab. for Building Physics, Leuven 
dr. ir. P. Standaert, Adviesbureau Physibel, Maldegem 
ir. B. Walleyn, NMH, National Housing Society, Brussels 
ir. P. Wouters, WTCB- CSTC, Belgian Building Research Institute, Brussels 

Federal Re~ublic of Germany 

National coordinator: Dip1.-Ing. H. Erhorn, 
Fraunhofer institut fur Bauphysik, Stuttgart 

Dip1.-Ing. W. Eisele, Fraunhofer Institut fur Bauphysik, Stuttgart 
Dip1.-Ing. Z. Herbak, Fraunhofer Institut fur Bauphysik, Stuttgart 
Dip1.-Ing. H. Kunzel, Fraunhofer Insttut fur Bauphysik, Holzkirchen 
Dip1.-Ing. J. ReiR, Fraunhofer Institut fur Bauphysik, Stuttgart 
Dr W. Raatschen, Dornier Gmbh, Friedrichshafen 
Dip1.-Ing. R. Stricker, Fraunhofer Institut fur Bauphysik, Stuttgart 

National coordinator: Prof. C. Lombardi, 
Politecnico di Torino 

Ing. G. Casetta, Consulting engineer 

Netherlands 

National coordinator: ir. P.C.H. Vanderlaan, 
Rijksgebouwendienst, Den Haag 

ir. 0. Adan, TNO-IBBC, Rijswijk 
ir. J.J.M. Cauberg, Cauberg-Huyghen Raadgevende Ingenieurs, Maastricht 
dr. ir. J .  de Wit, T.U. Eindhoven, Fakulteit bouwkunde, Vakgroep Fago, Eindhoven 
ir. W. Lichtveld, Lichtveld, Buis en Partners, Utrecht 
ir. J. Oldengarm, TNO-IBBC, Rijswijk 
ir. A.C. Van der Linden, Rijksgebouwendienst, Den Haag 
ir. R.J.P. Van Hees, TNO-IBBC, Rijswijk 

United Kinvdom 

National coordinator: Mr. C. Sanders, 
BRE, Scottish Laboratory, East Kilbride 

Prof. P. Burberry, UMIST, Department of Building Engineering, Manchester 
Dr. M. Denman, Sheffield City Polytechnic, Sheffield 
Dr. C. Hunter, BRE, Garston, Watford 
Dr. T. Oresczyn, Bartlet School of Architecture and Planning, 
University College London 

PAGE iii 



IEA ANNEX XIV "CONDENSATION AND ENERGY" 

CONTENTS 

PREFACE i 

CONTENTS , v 

SYMBOLS vi i 

INTRODUCTION ix 

CASE STUDIES 

1: ZOLDER (Belgium) 

2: RUHRGEBIET (Germany) 

3: IACP-TORINO (Italy) 

4: PIJNACKER (Netherlands) 

5: ALEXANDERPOLDER (Netherlands) 

6: EDINBURGH (United Kingdom) 

PAGE v 



IEA ANNEX X I v  "CONDENSATION AND ENERGY" 

SYMBOLS 

symbol unit Physical quantities 

absorbivity 
thermal diffusivity 
water activity 
thermal effusivity 
water vapour concentration (humidity by volume) 
specific heat capacity 
specific heat capacity of a wet material 
thickness 
emissivity 
density of moisture flow rate 
air permeability 
moisture conductivity 
length 
mass 
partial water vapour pressure 
partial water vapour saturation pressure 
heat flow density 
ventilation rate 
reflectivity 
time 
moisture content mass by mass 
moisture content mass by volume 
water vapour ratio (humidity by mass) 
............................................ 

water sorption coefficient 
moisture diffusivity 
Energy consumption 
moisture flow rate , vapour production 
air permeance 
thermal permeance inside surface - outside 
thermal resistance 
degree of saturation 
thermodynamic (absolute) temperature 
thermal permeance 
............................................ 

specific heat strain 
vapour permeability coupled to a vapour pressure 
gradient 
vapour permeability coupled to a vapour concentration 
gradient 
hygric strain 
volcmic mass (density) 
volumic heat capacity 
relative humidity 
vapour resistance factor 
(equivalent) vapour diffusion thickness 
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$J %m3/m3 moisture content volume by volume 
*a %m3/m3 air content 
X w/(mK) thermal conductivity 
0 O C  temperature 

Ors O C  
dry resulting temperature 

T transmissivity 
temperature ratio 

SUBSCRIPTS 

a 
C 

cv 
e 
h 
i 
m 
max 
r 
S 

sat 
v 
W 

ambient 
capillary 
convective 
exterior 
hygroscopic 
interior 
moisture 
maximal 
radiation 
surface 
saturation 
vapour 
water, liquid 

ABBREVIATIONS: 

CFU 
ERH 
IAQ 
RUE 
MGF 
MW 
MPS 
RH 
TRY 

colony forming units 
equilibrium relative humidity 
internal air quality 
rational use of energy 
mean growth factor 
mineral wool 
extruded polystyrene 
relative humidity 
test reference year 
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INTRODUCTION 

During 3 winters we were able to do measurements in dwellings with real mould 

problems, giving the opportunity to enlarge our knowledge concerning mould 

growth, to ameliorate the measuring techniques, and develope remedial stategies. 

In all the participating countries the parameters that influence mould growth 

were followed in problem dwellings. Some studies concern very intensive 

measurements in few or only one dwelling. Others collected more rough data from 

several similar or identical dwellings in one estate. In most of the cases 

remedial actions were taken and evaluated. 

Aims of these case studies are: 

1. to look at the present situation of the dwellings: why are there mould 

problems? ; 

2. to study the situation before the refurbishment: is it possible that there 

were no problems before, and if so, why?; 

3. Experiment some remedial measures: what should be the solution to prevent 

mould in these dwellings; 

Next to these aims, directly coupled to the damage case, we also like to: 

1. Know whether these data fit with what is commonly assumed concerning mould 

problems. 

2. Compare the measurements with calculation models. 

3. Analyse the influence of different parameters on the hygrothermal behaviour 

of the dwellings. 

All the case studies follow a general scheme, as dirived from previous 

experiences: first we OBSERVE the current situation, next we do some 

MEASUREMENTS, followed by an INTERPRETATION. Once we have a good knowledge of 

the current situation, we are ready to evaluate REMEDIAL MEASURES. 

Volume 4 of Annex XIV contains summary reports of the case studies. More 

detailled information is availlable in the research institutes that made the 

study. 
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CASE STUDY ZOLDER 

FINAL REPORT 
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1. SITUATION 

2. LAY OUT 

3. BUILDING FABRIC 

4. THE MOISTURE PROBLEM 

5. MEASUREMENTS 

RESULTS 

6. THE INSIDE CLIMATE 

7. THE BUILDING PERFORMANCE 

8. SPECIAL TOPICS 

REMEDIAL HEASURES 

9. INSULATION OF LOFT SPACE FLOOR 

10. INTERNAL INSULATION 

11. DOUBLE GLAZING 

12. NATURAL VENTILATION 

CONCLUSIONS 

13. CONCLUSIONS 

Belgium 



I .  S I T U A T I O N  

Estate "Lindeman" 
Heusden-Zolder 
Belgium 

climate 
J F U A J  J A  

5-20' E 
5 1 ' 0 5 ' ~  
altitude +5Om 

I'HO'I'O 1.1 
V i c w  01 t he  eslate  
w i t h  on the foreground 
dwel l ing 1 



2. LAY O U T  

A lm21 v 1m31 
1. Living Room 29.6 77.4 
2 .  Kitchen 3.9 23.3 
3. Bathroom 2.8 7.3 
4 .  Hall (dawn)  11.4 25.9 
5. Hall  ( u p )  5.2 12.8 
6. Bedroom I I?. 1 29.8 
7. Bedroom 2 16.5 40.8 
8. Bedroom 3 12.2 30.2 
9. Bedroom 4 5.8  1 4 . 3  
Cellar  26.1 52.3 
Att ic  

DWELLING 2. ground f lool  

I>WEI.I.IKG 2. first l loor 

A [m?]  
1. Living Room 27.h 
2. Kitchen 7.6 
3. Bathroom 2.9 
4 .  Hall (down) 8 .3  
5. Hull ( up )  5.4 
6. Bedroom I  5.4 
7. Bedroom 2 11.4 
8. Bedroom 3 15.7 
9 ,  n e d r o o m  4 7.5 
Cellar 11.1 
Att ic  



3 .  B U I L D I N G  F A B R I C  

CONSTRUCTION PARTS 

WA1.I.S: cavity walls: 
outer leal. 8 em massive hr i rkwork 
ravity.5 cm.venti lated: aeration openings 10cm2/m at the hot tom and upside 
inner lcaf. 18 cm massive brickwork: 1.5 cm plaster. 

R001 ' :  pitchcd. t i led roof  
l o f t  space f loor:  reinforced br ick f loor  

FOOKS: samc as lo f t  spare f loor  
f lour  above cellar partly concrcte on ground. partly reinforced brick 

0 0 0 1 1 S  & WIXDOWS:  PVC. stripped; singlc glar ing upstairs. double downstairs (Dwel l ing 1. 
refurbished).aluminium doors.steel framed windows,single glaring (Dwel l ing2,or ig inal)  

CONSTRUCTION DETAILS r 1-1 
f igure 1 2 3 4 5 

C O R S E R  1 0.61 
W I N D O W S  7 - 0.70 
LINI'EI. 3 0.73 0.73 0.71 0.60 0.63 

B A S E M E N T  4 0.65 0.70 0.67 

2 
The valuer presented arc calrulatcd. using hi =4.5 and h, = 23 W/m K 



4 .  T H E  M O I S T U R E  P R O B L E M  

MOISTURE PRODUCTION & REMOVAL 
p~ -- 

Estate: the dwellings are intended for  maximum 5-6 persons. 
Dwel l ing  nol 2 persons (pensioners). hut much visitors 

n 2 5 persons (2adul ts + 3ch i ld rcn)  
Extracl  fan i n  the kitchen of both  ihc  dwellings. 
So previsions fo r  laundry drying: the inhabi tantsdry i t  i n  thece l la rwhen i t  is raining. I 
DAMAGE 

Water penetration seems to  bc  a problem i n  cellar o f  a l l  dwellings I 

' Mould:  77% of  the dwell ingsviaited ( 1  10). 68% of  those wi th  mould damage (75) 

bedroom lintels. ent i re reil lng, especially near the corners 64 85 
kitchen cxt, wal l  / ceil ing 26 35 
hathraam ext. wal l  / ceil ing 27 36 
l iv ing room cxt. wal l  / corners 22 29 
ha l l  cei l ing / walls 25 33 

I Dwel l ing  I: a l l  o f  the vhove problems. 
Dwel l ing  2: only mould on the bedroom ceil ing and 3-dimensional corner in  the bathroom. 

T H E  MOULD SPECIES in x % of the samples present (out of LO) 

L'locladium Consortiale 70 
Aspergil lus Fumigatus 60 
Cladcsporium Cladcrporoidca 60 
Pcnic i l l ium Cyclopium 40 
Mucor  rp.  40 

I Some 16 species were found. the composit ion being di f ferent f r om one dwel l ing t o  another. f r om one room l o  
another and even f rom one f in ishing layer t o  another 

CONSEOUENCES FOR T H E  INHABITANTS 

Complaintsabout health problems: 26out  of 75questioned (34%) 
Legal actlons against local bui ld ing company. after 3 year s t i l l  wi thout any result. 

PI IWI 'O 4.1 
lntcnr ive mould growth in  a hedroum 



P 1 1 0 1 ' 0 4 . 2  
mould growth in a bedroom corner 

Pl Io ' ro  4 .3  
Moulds on the bathroom walls (Dwell ing I )  



PRUI'O 4.4 
M o u l d  in  a 3-dimensional corner of the living room (Dwelling I) 

P110'I'O 4.5 
Rain penetration in the cellar. 



5 .  M E A S U R E M E N T S  

W H A T  EQUIPMENT 

1 SCRI:ACE 1.E.UPf RA.TCKI< Cu-Co thermocouples 
? A I K I E M P E K A ' I ' C K E S  Hygro the rmograph  ( B i m e t a l )  or 
3 PtlOlJ in humidi ty  m e t e r  
4 K E S C I . I I S G  ' I E M P E K A I ' C K E  CU-Co t h c r m o r o u p l e s  in p ing  pong ball 
5  K E I . K I I V L  t I U M I U I l ' Y  Hygro the rmograph  or 
b Humid i ty  me te r :  Ro t ron ic  I lygromer  
7 HEA' I  F L L i X E S  F l u x m r t c r  T S O - W 5 3 1  
K AIK'I ' l(iH'1'SESS Pres ru r i sa t ion  D o o r  
Y M 0 U I . U  SAM1'1.1SG & U E I E K M I S A ~ I I O S  

'80 - '87: Es ta te :  ? t 5  a n d  9 in several  dwell ings 
Dwell ing 1: 4 in all  rooms;  8  lor t h e  whole dwell ing 

1.7 a n d ?  t 5  in living room a n d  1 b e d r o o m  

'87 - '88: Es ta te :  2 t 5  in scveral  dwellings 
Uwell ing 1: 4 in all  rooms;  I a n d  7 i n  living r o o m  a n d  1 b e d r o o m  

2 t 5  in living room. I  h c d r o o m ,  ha th room a n d  ccl lar  

'88 - '89: I h e l l i n g  I :  3 + 0  in all  rooms: I in living room a n d  1 b e d r o o m  
Dwell ing?:  3 1 6  in all  rooms:  1 a n d  7 in living room a n d  1 h c d r o o m  

I h l a  Acquis i r iun unit:  hp85 ( h p v c r t r a )  + hp8087da ta logger  

('1 ihc  numhcrs refer  t o  t h e  ones above 

- 
M c a s u r c m e n l  ol': 
- h e a t  llow 
- su r l ace  t e m p e r a t u r c  

( t h c r m o c o u p l c  hchind hea t  f low m e t e r )  
- d r y  resultant i c m p e r a t u r c  

( t h c r m a c o u p l c  in a ping pong  bal 

P I I I W O  5 .2  
(L lppcr  pa r t  u l ' t h r  hall in dwel l ing? :  
r c m a r k  t h e  inicnaive mould growth on Ihc 
measurement  a l t h e  rclat ive humidi ty  
a n d  a i r  t e m p e r a t u r c  



6. T H E  I N S I D E  C L I M A T E  ( o r i g i n a l  s i l u a l i o n )  

l iv ing room 
kitchen 
bathroom 
l l s l l  down 
H a l l  up 
hedroom 1 
bedroom 2 
bedroom 3 
bedroom 4 
cellor 

17.8 - 0.08 Be 
I'J.2 - 0.09 Be 
13.6 - I1.01 0 c  
13.7 + 0 . 1 6 e ~  
12.2 + 0.15 Bc 
11.5 + 0.16 Be 
10.2 + 0.29 Bc 
10.4 + 0.42 C)e 

8.1 + 0.38 Be 
10.3 + 0.31 Clc 

I IUMID I ' I 'Y  
7 

Pi-l'e = f ( 0 c )  r- C)c = 5 C 

l iv ing roam 562 - 4.7 Be 0.25 539 
kitchen 506 - 3.8 Or 0.14 487 
bathroom 478 - 4 . 0 0 ~  0.20 458 
H a l l  down 327 - 6.3 Be 0.29 296 
l l s l l  up 374 - 4.2 Be 0.25 353 
bedroom 1 356 - 9.7 U e  0.35 308 
bedroom 2 401 - 1.0 ee 0.10 396 
bedroom 3 373 - 3.3 Be 0.43 357 
bedroom 4 399 - 8.6 Cle 0.39 356 
cellar 217- 15 t)e 0.29 142 

( * ) = value measured 1988-IY8'J. after insulat ion of l o f l  space f loor.  I1  i s  assumed that the value is not 
imrluenced hy the measure. 



7 .  T H E  B U I L D I N G  P E R F O R M A N C E  

BUILDING FABRIC 

Thermal resistance: rasc 7 1  , 
Wall: l iv ing room 0.47 m;K/W, hedroom 0.66 ~ ' K / w .  
Ceil ing hedroom: U,66 m-K/W 

r-values: case 7.2,see tabcl 7.2.2 
Venl i lat ion:  rase 7.3 

~ i r  tightness: n5 [ h - l l  = 5.1 (Dwel l ing I at present) 
vent i la t ion  m t c  Ycaleulated): I 

whole bui ld ing 0.2 1 0.4 h- 
l iv ing room: 0.18 h- 

P 
I lea l ing  cost: 

natural  gas consumption: '94.1 - 3.91 x H e  I,,,' gas/weekl 

percentage o f  the dwell ing heated: 0.42% 

SURFACE CONDITIONS 
meaburinp. m i n t  % o f  t ime 

~ ~ 

f inishing material mould = 10U'ia >95% >90% >RO% > 7 0 %  >7U% 
Dwel l ing 1 l iv ing room ( y / v  

wall behind cupboard 
3D-corner f loor  
3D-corner telling 
?D-corner wall 
wal l  under cupboard 
2D-corner wall-ceil ing 
ID -co rne r  wall-ccll ing 
f loor  
wal l  n r a r 2 D  
wall near 21) 
ceil ing n r a r  3 D  
wall 
wall 

wallpaper 
stone 
plaster 
wallpaper 
wallpaper 
plaster 
plaster 
stone 
wallpaper 
wallpaper 
plaster 
wallpaper 
w a l l m ~ e r  

(Y )  = visihle mould i rom the past. I t  is no1 clear wether this mould is st i l l  active 
Y, = present mould growth 
Y = no mould. h u t  surface condensation ohserved dur ing measuring per iod 



8. S P E C I A L  T O P I C S  

8.1 S I T U A T I O N  B E F O R E  RETKOFI'I"I'INb 

T h e  effect  of placing airt ight  windows and double  glazing in t h e  original dwellings and removing the  
stove in the  living room was  analysed.  
'The si tuation in t h e  living room before refurbishing was  less comfor table  (draughts  when stormy 
weather ,  only pleasant nea r  the  stove), and the  cl imate was d rye r  (higher ventilation rate,  drying 
effect  of single glazing), but  very probably the re  were  n o  moulds! 
In the  bedroom on t h e  o the r  hand, mould growth occurred probably in many dwellings, especially 
when these  places were  not  heated.  l 'h is  could be  seen in dwellings where  the  original windows a r e  
still present.  

8.2 I N F L U E N C E  O F T H E  C E L L A K  O N  T H E  MOIS'I 'UKE PKOBLEM 

Measuremen t s  show that  the  cellar has n o  o r  minor  influence on t h e  humidity level in the  rest of t h e  
dwelling. Keason is t h e  underpressure  in the  cellar ,  caused by t h e  boiler. 

Perfect mixing is acceptable when speaking about  the  moisture distr ibution in one  zone,  because  
moisture t ranspor t  is coupled t o  a i r  t ranspor t ,  and,  by that ,  is a very quick reaction,  a s  f a r  a s  the re  a r e  
n o  barr iers  f o r  convective air  flow. 

8.4 HYGKOSCOPICITY 

Some examples of hygroscopic effects in dwcllings show that  rooms lead thei r  own lives, based on the  
mean humidity level in that  room over a longer period.  
Combined with mois ture  distr ibution,  it is concluded that  it is very important  to have significant and 
permanent  ventilation with outside air. 

8.5 U E H U M I D I F I E K S  

A dehumidifier ,  apa r t  f rom being a very effective machine,  is not regardcd a s  a remedial  measure,  
because  people in Belgium d o  not like it t o  bc  in their  homes.  
It may b e  used a s  an  instrument t o  de te rmine  the  vapour  production in the  dwelling (it is a "negative" 
mois turc  source)  



9 .  I N S U L A T I O N  OF L O F T S P A C E  F L O O R  

Placinrr o f  12 r m  mineral wool on the l a f l  soare f loor  

EFFECTS: 

Inrl-casc of  lhc  thermal i-esistancc n l  l l le ceiling: 
lhcfarc : I1 = 11.26 mZK/W 
iiltel. : I< = 3.34 m2K/W 

lnrreaac of lhc  surfacc lempcralure ol'lhe ceiling: 
l x f u r c  : r = 0.67 e s i  = 0 . ~ 8  oi + u.16 @ c  - 1.43 
after : r = 11.85 Obi = 0.92 @ i  + 11.118 e c  - 0.115 

lnrrcase 01' lhc  a i r  lemperilture in the hcilted rooms.raused by fewer heat losses t o  the no" healed rooms. 
esperrially a1 nighl :  

1)crrcusc o f  surfarc roc f f i c icn l  on the (insulated) ceiling. incrcilsc on 1hc other surfaces 

No influence on the di f fcrenre m v a p o u r  prcasure. derrcarc of the rc la l ivc humidity in  thc bcdrooms 

I'i-PC R.V. Pi-l'e I1.V. 

EVALUATION: 



10. I N T E R N A L  I N S U L A T I O N  

Placing 3 cm PS + plasterhoard against the wal lsof  thc l iv ing room 

EFFECTS: 

Increase o f  the thermal resistance o l  the wall: 
beforc : R = 0.43 m?K/W 
al ter  : K = 1.23 m?K/W 

Increase o l  the surlare temperature o f  thc wall: 
hefurc : r = lJ.75 
after : r = U.82 

h'osignif icant di i lercnce o f  the surlace temperatures o f  the non insulated construction parts 

'TAllEI. 10.1 HISI'OI1l 
M I A S U R L N G  P O I N T  

Nosigni f icant di f fcrcnre in  air  tempel.oturc / result ing tempcratul.es 

N o  influence on the di f rercnre in  vapuur prcssurc inside - outside 

Impravcmcnt o f  the surl'arc condi t ionsun the insuli l ted wall,. hut toot on the non insuleted ones. 

Energy savings: total  encrgy demand ill O c = 5  C. using the measured temperatures a s  input fur  a 
s l a t i onaq  mul t i runc  model: 

I lefore:  37113 W 
A l te r :  32x5 W 

EVALUATION: 

- 
I)IPFUCUI.'I'tu mount on walls w i th  radi;filul-s. e lcr t r i t i tv .  window, 



I  I .  D O U B L E  G L A Z I N G  

Keplaeemcnt o f  bingle glaring hy double glasing. I n  the heatcd zonc only a few square metres (mustly 
double gli lsinghcfore thc renovation); i n  lhc  hcdrooms al l  the windows. 

EFFECTS 

Higher surlace temperature o f  the glilsed surfaces, so prilctically no more condensation on thc glasing 
Bcfore: r = 0.38 
A f l c r :  r = 0.68 

Increase al ' the temperature i n  a l l  l iv ing mums: 

'TABEL 12.1 ei = I(He) 

before r2 af lcr  r 2 

Liv ing room 
Kitchen 
Bi l throom 
f l a l l  down 
l l a l l  up 
Bedroom 1 
Bedroom 2 
Bedroom 3 
Bedroom 4 
Ccllar 

No significant influence on the difference in  vapour pressure i n  al l  the rooms, the occupied bedroom 
exepted! 

L iv ing  roam 
Kitchen 
Balhroom 
l l a l l  dawn 
H a l l  up 
Bcdroom I 
Bedroom 2 
Bcdroom 3 
Bedroom 4 
Cellar 

Consequcnecs fo r  thc surface conditions: 
The  chance fo r  mould growlh remains the same or  a small amelioalion is scen. tha occupied hedmom 
exepted.where we see a higher risk 

' I 'AI ICL IP3: Mean relative humidity on a thermal bridge with temperalure factor r = 0 . 7  

Liv ing room 
Ki t rhen 
Balhroum 
l l a l l  down 
Ha l l  up 
Bcdroorn 1 
Bedruom 2 
13edl-"om 3 73 69 
Bcdroom 4 76 72 

Almust nu encrgy savings. because the remedial measure was l imi ted to  the not healed hcdrooms: total  
energy demand at Oe=5 C. using the measulxd temperaluresas input f o r  a slationary mul l i ronc model: 

Before: 3780 W 
A l t c r :  3703 W 

EVALUATION 

Placing douhle glazing is cxccllent f rom the po in t  o f  view o l  energy savings, and quite harmless in  most of 
the rases. Only when lhere is lmuch condensalion on the existing singlc glasing. as i t  normally occurs i n  
oerunied hedroams. caution must  be made. 



1 2 .  N A T U R A L  V E N T I L A T I O N  

V c n l i l a t i o n  g r ids  i n  dcrcm and windows 

EFFECTS 

Nr, s igni l ic i ln t  i n l l u e n r c  o n  i hc  a i r  i cmpera lu rc :  

'l',,\l3ltl. 1.3.2 l ' i-  I'e = (I H c  I 

2 - 3 i !,?I 
5;') - .I 1 CJc l1..3(~ . . 
Z i ' J  i 5 M r  (8.117 
142 ? I (-lc 11.13 
IS'J i 5 Hr ll..?S 
11s I 16 CJc Ol.3 
332 I l i C l r  I l l ?  
IS7 -5 F)r li..?Il 
l i l  i 111 Oc 11.113 
IS5 - I  Clc Ill10 

I.irin(l r w m  
Kil,'hcn 
Bathroom 
l l a l l  d w n  
l l a l l  up 
I l c d r w m  I 
Ucrlroom 2 
Bcdroorn 3 
O c d r a m  4 

EVALUATION 
-- 

I ' laringdcwl, lc gl;t,.in~ is c \cc l lcn,  1 v m ~  ( 1 ~  p < > i u l  01. v i e ~ \  (11 cncrf)- :;;lvings, a n d  q u i l c  1t;lrtnlcss i s  i n l t n c  < ,I  
l h e  rascs. O n l y  u h r n  l h r r r  is much r m d c n s ; i l i o n  O I I  thc r \ i s l i n g  sinz!c glaring. a s  il nclrmAlly c r r u r s  in 
c,ccupicd bcdrc,r,rns, caul ion musl  Ibc madc.  



1 3 .  C O N C L U S I O N S  

'l'he cause of the  problems in these dwellings is qui te  obvious, and may b e  summarised in one  sentence:  
"'l'he cause of the  problems is a combination of poor thermal  quality and limited ventilation possibilities, 
leading t o  mould growth in dwellings where  people can not  afford t o  heat  well". 

l'he solution can b e  found  in two ways: increasing t h c  surface temperature  oT the  walls o r  lowering t h e  inside 
humidity. 
Increasing the  surface tcmpcraturc  can bc  achieved by heating morc,  a vcry costly and inefficient way 
(surcly in low income housing), or  by increasing the  thermal quality of the  dwellings. T h e  most 
straightforward measure  in this regard is insulating t h e  loTt space Tloor, followed by placing double  glazing 
and (external)  insulation. 
Lowering t h e  inside humidity lcvel can be  achieved by removing the  humidity near  t h c  sources  (kitchcn 
hood, bathroom venti lator)  and by making natural  ventilation possible and morc  eTficient (by placing 
ventilation gr ids  in the  windows and inside doors) .  
In o rde r  t o  b e  su re  t o  havc dwellings without moisture problems all t h e  remedial measures  above ( thermal  
insulation and increased ventilation and moisturc rcmoval) must be  taken.  

Uut  of tne  measuring results two important  aspects were  analysed: 
1 M O I S T U R E  DIS'I'RIBU'I'ION 

PerTect mixing is acceptable when speaking about  the  moisturc distribution in one  zone,  because 
moisture t ranspor t  is couplcd t o  air  transport ,  and,  by that ,  is a very quick rcaction,  as  f a r  a s  the re  a r e  
n o  barr iers  f o r  convective a i r  Tlow. 

2 HYGKOSCOPICI'I 'Y 
Some  examples of hygroscopic effects in dwcllings show that  rooms lead their  own livcs, based on the  
mean humidity levcl in that  room over a longer period.  
Combined with moisturc distribution, it is concluded that  it is vcry important  t o  have significant and 
pcrmancnt  ventilation with outside a i r .  
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1.0 I n t r o d u c t i o n  

In t h e  s p r i n g  of 1988, an investigation of 67 f l a t s  
a f f e c t e d  by mould growth was c a r r i e d  o u t  by T h e  Fraunhofer 
I n s t i t u t e  of Building Physics. It was t o  p r o v i d e  
information a b o u t  t h e  extent and t h e  c a u s e  of t h e  d a m a g e  
encountered in t h o s e  flats. 

D u e  t o  t h e  large number of d w e l l i n g s  which had t o  be 
visited, it was not p o s s i b l e  t o  carry o u t  measurements 
which yield r e l i a b l e  results only after a s u s t a i n e d  period. 
T h e r e f o r e ,  methods w e r e  selected w h i c h ,  after a s i n g l e  
visit, g i v e  c o n c l u s i v e  d a t a  useable for statistics. T h e  
main points of t h e  investigation were: 

- O b s e r v a t i o n  of t h e  building stock 

- C o l l e c t i o n  and analysis of s u r f a c e  s a m p l e s  a f f e c t e d  
by mould 

- C o l l e c t i o n  of building component s a m p l e s  from t h e  
affected s u r f a c e  a r e a s  and d e t e r m i n a t i o n  of t h e  
moisture content (with t h e  occupants' consent o n l y )  

- A i r  c h a n g e  rate measurements (with t h e  occupants' 
c o n s e n t  o n l y )  

- P h o t o g r a p h i c  documentation 

2.0 Bu i l d l n a  s t o c k  

2 . 1  G e o a r a w h i c  locationlclimate 

T h e  investigation w a s  c a r r i e d  out in North R h i n e - W e s t p h a l i a  
in t h e  n o r t h e r n  a n d  s o u t h e r n  Ruhr (Fig. 1). T h e  a r e a  is 
s i t u a t e d  a t  1 5 2  in a b o v e  s e a - l e v e l .  

G e o g r a p h i c  location: Longitude: 6,7O East 
Latitude: 5 1 , 4 O  N o r t h  
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F i a .  1: L o c a t i o n  o f  t h e  Ruhr  i n  Germany.  

The mean c l i m a t e  c o n d i t i o n s  o f  t h e  t e s t  a r e a  a r e  c o m p i l e d  
i n  T a b l e  1. A l l  t h r o u g h  t h e  y e a r ,  a  r e l a t i v e  o u t s i d e  a i r  
h u m i d i t y  o f  more  t h a n  70 % p r e v a i l s .  F o r  t h i s  r e a s o n ,  t h e  
o u t s i d e  a i r  i s  h e a v i l y  l o a d e d  w i t h  m o i s t u r e ,  p a r t i c u l a r l y  
i n  t h e  m i l d  s e a s o n .  

T a b l e  1: Mean c l i m a t e  c o n d i t i o n s  i n  t h e  t e s t  a r e a  

Month 

Outside air 
temperature ["C] 

Re'ativeouts'de 
air humidity 1%1 

1.87 

83 

1.85 

82 

5.29 

75 

8.04 

69 68 

13.3815.02 

75 

J F M A M J J A S O N D v a l u e  

17.11 

74 

17.75 

70 

14.58 

78 

10.12 

81 

6.00 

81 

1.89 

87 

Mean 

9.45 

76 
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2 . 2  G e n e r a l  d e s c r i ~ t i o n  o f  d w e l l l n a s  

The 67 b u i l d i n g s  e x a m i n e d  were  m o s t l y  c o n s t r u c t e d  i n  t h e  
y e a r s  f r o m  1940 t o  1970, a  t i m e  when t h e r e  e x i s t e d  no  
e n e r g e t i c  r e q u i r e m e n t s  f o r  e x t e r n a l  w a l l s .  F o r  t h i s  r e a s o n ,  
t h e  e x t e r i o r  w a l l s ,  we re  o n l y  e q u i p p e d  w i t h  t h e  min imum 
l e v e l  o f  t h e r m a l  i n s u l a t i o n  w h i c h  was r e q u i r e d  t h e n .  From 
1978 t o  1986, t h e  w indows t h a t  h a d  o r i g i n a l l y  been  
i n s t a l l e d  were  r e p l a c e d  i n  a l m o s t  e v e r y  f l a t  b y  new ones  
w i t h  i m p r o v e d  t h e r m a l  i n s u l a t i o n  a n d  h i g h e r  a i r t i g h t n e s s .  
One o r  t w o  y e a r s  l a t e r ,  m o u l d  g r o w t h  s e t  i n  i n  m o s t  
d w e l l i n g s ,  w h i c h  were  m a i n l y  e q u i p p e d  w i t h  c o m p o s i t e  
w indows  h a v i n g  p l a s t i c  f r a m e s  w i t h  a l u m i n i u m  c o r e s .  17 X o f  
t h e  d w e l l i n g s ,  h o w e v e r ,  we re  e q u i p p e d  w i t h  s i n g l e - g l a z e d  
w i n d o w s .  T h e r e  i s  a  t h e o r y  a c c o r d i n g  t o  w h i c h  i t  i s  
p r e c i s e l y  t h e  i n s t a l l a t i o n  o f  w indows w i t h  i m p r o v e d  t h e r m a l  
i n s u l a t i o n  w h i c h  r e s u l t s  i n  t h e  o c c u r r e n c e  o f  damage, 
b e c a u s e  i t  i s  c l a i m e d  t h a t  s i n g l e - g l a s i n g ,  a s  a  " n a t u r a l  
c o n d e n s a t o r " ,  h a s  a  m o i s t u r e - r e g u l a t i n g  e f f e c t .  S t a t e m e n t s  
o f  t h a t  k i n d ,  w h i c h  a r e  f r e q u e n t l y  h e a r d  i n  d i s c u s s i o n s  and  
w h i c h  a r e  o f t e n  mean t  a s  a  l e c t u r e ,  a r e  c e r t a i n l y  r e f u t e d  
b y  t h e  a b o v e  r e s u l t .  The amount  o f  s u r f a c e  c o n d e n s a t i o n  
w h i c h  o c c u r s  a t  g l a s i n g s  i s  much l o w e r  t h a n  t h e  m o i s t u r e  
p r o d u c e d  w i t h i n  d w e l l i n g s .  I t  i s  t h e r e f o r e  t h r o u g h  
v e n t i l a t i o n  t h a t  h u m i d i t y  m u s t  b e  e x t r a c t e d .  I n c r e a s e d  h e a t  
l o s s e s  t h r o u g h  i n s u f f i c i e n t  t h e r m a l  i n s u l a t i o n  o f  w indows  
a r e  however  t o  be  a v o i d e d .  

T a b l e  2 ;  The t y p e s  o f  w indows  ( i n  p e r  c e n t )  i n s t a l l e d  i n  
t h e  t e s t  f l a t s .  

Frame material 

Wood 

Aluminium 

Plastic 

Type 

Single glasing 

11 

6 

- 

Therrnopane glasing 

1 

2 

6 

Composite windows 

- 
5 

69 
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3 . 0  B o u n d a r y  c o n d i t i o n s  

3 . 1  O c c u p a t i o n  d e n s i t y  

The t e s t e d  d w e l l i n g s  w e r e  o c c u p i e d  b y  a  r e l a t i v e l y  l a r g e  
number o f  p e o p l e .  I n  F i g .  2 ,  t h e  l i v i n g  s p a c e  o f  e a c h  
o c c u p a n t  i s  compared  as  f r e q u e n c y  c u r v e s  t o  t h e  v a l u e s  
c h a r a c t e r i s t i c  o f  t h e  FRG. The c u r v e s  r e p r e s e n t  t h e  
p e r c e n t a g e  o f  p e o p l e  i n c l u d e d  i n  t h e  s u r v e y  o c c u p y i n g  a  
l i v i n g  s p a c e  w h i c h  i s  b e l o w  t h e  c o r r e s p o n d i n g  v a l u e  on  t h e  
c u r v e .  From F i g .  2 i t  c a n  b e  c o n c l u d e d  t h a t  i n  t h e  t e s t e d  
d w e l l i n g s ,  t h e  l i v i n g  s p a c e  r e l a t e d  t o  t h e  number o f  
o c c u p a n t s  i s  v i s i b l y  i n f e r i o r  t o  West -German a v e r a g e  
v a l u e s .  The mean l i v i n g  s p a c e  o f  r e n t e d  f l a t s  i s  known t o  
b e  i n f e r i o r  t o  t h e  l i v i n g  s p a c e  o f  f l a t s  o c c u p i e d  b y  t h e i r  

Frequency [ % I  

F i a .  2 :  C o m p a r i s o n  b e t w e e n  t h e  f r e q u e n c y  c u r v e s  o f  t h e  
l i v i n g  s p a c e s  i n  t h e  t e s t e d  f l a t s  r e l a t e d  t o  
t h e  number o f  o c c u p a n t s  and  t h e  mean v a l u e s  
c h a r a c t e r i s t i c  f o r  t h e  FRG, a c c .  t o  [ I ] .  The 
f r e q u e n c y  c u r v e s  i n d i c a t e  t h e  p e r c e n t a g e  O f  
p e o p l e  i n c l u d e d  i n  t h e  s u r v e y  who o c c u p y  a  
l i v i n g  s p a c e  w h i c h  i s  i n f e r i o r  t o  t h e  r e s p .  
v a l u e  on t h e  c u r v e .  
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o w n e r s .  The s i z e  o f  r e n t e d  f l a t s  i s  a p p r o x i m a t e l y  20 % 

b e l o w  t h e  mean v a l u e  c h a r a c t e r  i s t i c  o f  t h e  w e s t - ~ e r m a n  
b u i l d i n g  s t o c k .  I n  some o f  t h e  f l a t s  e x a m i n e d  t h e  l i v i n g -  
s p a c e  i s  more  t h a n  5 0  % b e l o w  a v e r a g e .  I n  5 0  % o f  t h e  
d w e l l i n g s  t h e  s p a c e  r e l a t e d  t o  t h e  number o f  o c c u p a n t s  i s  
l e s s  t h a n  2 1  m 2  ( c o m p a r e d  t o  an  a v e r a g e  o f  46 mZ).  F o r  
d w e l l i n g s  w i t h  s u c h  a  h i g h  o c c u p a t i o n  d e n s i t y ,  a  h i g h e r  
m o i s t u r e  l o a d  i s  t h e r e f o r e  t o  b e  e x p e c t e d .  

3 . 2  M o i s t u r e  o r o d u c t i o n  

The m o i s t u r e  l o a d s  r e c o r d e d  i n  t h e  t e s t e d  f l a t s  a r e  
p r e s e n t e d  i n  F i g .  3  i n  t h e  f o r m  o f  a  f r e q u e n c y  d i s t r i b u t i o n  
c u r v e .  A mean m o i s t u r e  p r o d u c t i o n  o f  a p p .  3  g / ( h  . m') 
p r e v a i l e d  i n  m o s t  f l a t s .  I n  some, h o w e v e r ,  v a l u e s  o f  u p  t o  
6  g / ( h  m') we re  r e a c h e d .  G i v e n  a  mean d w e l l i n g  s i z e  o f  
6 4  m 2  r e s p .  1 6 0  m', t h i s  c o r r e s p o n d s  t o  a  mean d a i l y  
m o i s t u r e  p r o d u c t i o n  o f  a p p .  1 2 1 1  o f  w a t e r  v a p o u r ,  w h i c h  i s  
t h e  amount  g e n e r a t e d  b y  an  a v e r a g e  f a m i l y .  F o r  t h i s  r e a s o n ,  
i t  c a n  b e  c o n c l u d e d  t h a t  t h e  q u a n t i t y  o f  w a t e r  v a p o u r  
e m i t t e d  b y  t h e  o c c u p a n t s  m o s t l y  c o r r e s p o n d s  t o  mean 
e m p i r i c a l  v a l u e s ,  and  t h a t  i n  mos t  c a s e s  i t  d i d  n o t  e x c e e d  
a v e r  age .  

Mean hourly moisture production [ g / h  m31 

F i a .  3 :  . F r e q u e n c y  d i s t r i b u t i o n  o f  t h e  mean h o u r l y  
m o i s t u r e  p r o d u c t i o n  i n  t h e  t e s t e d  f l a t s .  
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3 . 3  R e n t  and  h e a t i n g  

The t e s t e d  f l a t s  a r e  o b j e c t s  w i t h  a v e r a g e  b u i l d i n g  
e q u i p m e n t .  The m o n t h l y  c o s t s  o f  r e n t  and  h e a t i n g  r e l a t e d  t o  
l i v i n g  s p a c e  a r e  p r e s e n t e d  i n  F i g .  4 .  

Frequency [ % I  

F i a .  4 :  F r e q u e n c y  c u r v e s  o f  r e n t  and  h e a t i n g  c o s t s  
r e l a t e d  t o  l i v i n g  s p a c e  ( 1 9 8 7 1 1 9 8 8  h e a t i n g  
p e r i o d ) .  The f r e q u e n c y  c u r v e s  i n d i c a t e  t h e  
p e r c e n t a g e  o f  p e o p l e  i n c l u d e d  i n  t h e  s u r v e y  
i n c u r r i n g  e x p e n s e s  w h i c h  a r e  s u p e r i o r  t o  t h e  
r e s p .  v a l u e  on  t h e  c u r v e .  

R e n t s  a r e  b e t w e e n  4 and  8  ~ M l m ~ ,  t h e  a v e r a g e  b e i n g  5 ~ M l m ~ .  
I n  1 9 8 8 ,  t h e  p r i c e  o f  e n e r g y  was l o w .  When t h e  new w indows  
w e r e  i n s t a l l e d  i t  was t w i c e  as  h i g h  as  b e f o r e ,  t h u s  
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a m o u n t i n g  t o  some k i n d  o f  s e c o n d  r e n t .  As r e n t s  a l s o  
i n c l u d e  h e a t i n g ,  and  g i v e n  t h e  r i s i n g  p r i c e  o f  e n e r g y ,  t h e  
o n l y  way t o  p r e v e n t  them f r o m  f u r t h e r  i n c r e a s i n g  i s  r e d u c e d  
h e a t i n g .  I n  o r d e r  t o  a c h i e v e  an e n e r g e t i c  i m p r o v e m e n t  o f  
t h e  d w e l l i n g  s t o c k  f r o m  t h e  p o i n t  o f  v i e w  o f  t h e  b u i l d i n g  
i n d u s t r y  ( w i t h  o r  w i t h o u t  s t a t e  s u b s i d i e s ) ,  a  r e v i s i o n  o f  
t h e  m e t h o d  f o r  r e n t  c a l c u l a t i o n  w i l l  b e  n e c e s s a r y .  W i t h  t h e  
p r e s e n t  c a l c u l a t i o n s ,  damage i n c r e a s e s  t h r o u g h  i n s u f f i c i e n t  
h e a t i n g  a r e  t o  b e  e x p e c t e d  i n  c a s e  t h e  p r i c e  o f  e n e r g y  
r i s e s .  

4 . 1  F r e a u e n c v  o f  o c c u r r e n c e  o f  m o u l d  damaoe 

I n  t h e  i n v e s t i g a t i o n  i t  was f o u n d  t h a t  t h e  e x t e n t  o f  damage 
c a u s e d  b y  m o u l d  g r o w t h  was n o t  i d e n t i c a l  f o r  a l l  r o o m s .  The 
f r e q u e n c i e s  o f  o c c u r r e n c e  o f  m o u l d  damage r e l a t e d  t o  t h e  
d i f f e r e n t  t y p e s  o f  rooms a r e  p r e s e n t e d  i n  T a b l e  3 .  M o s t  
o f t e n ,  i t  w e r e  bed rooms  w h i c h  were  a f f e c t e d .  I n  l i v i n g -  
rooms a n d  c h i l d ' s  rooms t h e  v a l u e s  w e r e  o n l y  h a l f  a s  h i g h .  
K i t c h e n s  a c c o u n t e d  f o r  o n l y  10 % o f  t h e  c o n t a m i n a t e d  r o o m s ,  
a n d  b a t h r o o m s  f o r  o n l y  2 % .  B o t h  k i t c h e n s  and  b a t h r o o m s  
w e r e  e x c l u s i v e l y  v e n t i l a t e d  b y  w i n d o w s .  I n  many f l a t s  i t  
was o b s e r v e d  t h a t  t h e  d o o r s  b e t w e e n  l i v ing- room(?. )  a n d  
b e d r o o m ( s )  w e r e  a l m o s t  c o n t i n u o u s l y  open ,  t h u s  i n c r e a s i n g  
t h e  r i s k  o f  s u r f a c e  c o n d e n s a t i o n  b e c a u s e  o f  t h e  l o w e r  
bed room t e m p e r a t u r e s  a n d  t h e  a l m o s t  e q u a l  m o i s t u r e  
d i s t r i b u t i o n  i n  a l l  r ooms .  T h e r e f o r e ,  i t  h a s  t o  b e  e x a m i n e d  
w h i c h  room c o n d i t i o n s  t h e  b o u n d a r y  c o n d i t i o n s  w h i c h  a r e  
u s e d  t o  d e t e r m i n e ,  w h e t h e r  t h e  b u i l d i n g  componen t  s u r f a c e s  
a r e  f r e e  o f  c o n d e n s a t i o n ,  a r e  t o  b e  a s s i g n e d  t o .  
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T a b l e  3 :  The t y p e s  o f  rooms mos t  f r e q u e n t l y  a f f e c t e d  by  
m o u l d .  

I Room I Frequency [%] 

( Bedroom I I 42 

I Kitchen I 11 

Living-room 

Child's room 

22 

21 

4 . 2  A n a l v s i s  o f  s p e c i e s  o f  f u n a i  i d e n t i f i e d  

Bathroom 

Other rooms 

An a n a l y s i s  was c o n d u c t e d  t o  d e t e r m i n e  t h e  c a u s e s  f o r  
damage a n d  i d e n t i f y  t h e  g e n e r a  e n c o u n t e r e d .  T a b l e  4 g i v e s  
an  o v e r v i e w  o f  t h e  f u n g i  a n d  t h e i r  f r e q u e n c i e s  o f  

2 

2 

o c c u r r e n c e  on some 200 t e s t  s p e c i m e n .  P u r e  c u l t u r e s  w e r e  
p r o v i d e d  by  s u b c u l t u r i n g  t h e  m i x e d  p o p u l a t i o n s  on  t o  f r e s h  
m a l t - a g a r  and  x e r o p h i l e  n u t r i e n t s .  C l a d o s p o r i u m  h e r b a r u m  
was i s o l a t e d  f r o m  a p p .  8 0  % o f  t h e  s a m p l e s  ( s e e  T a b l e  4 ) .  
A s p e r a i l l u s  v e r s i c o l o r  and  P e n i c i l l i u m  b r e v i c o m p a c t u m  were  
i d e n t i f i e d  f r o m  50 % o f  t h e  s a m p l e s .  P e n i c i l l i u m  
c h r y s o a e n i u m ,  P e n i c i l l i u m  f r e a u e n t a n s  and  A u r e o b a s i d i u m  -. 
p o l l u l a n s  a p p e a r e d  on one  s a m p l e  i n  f o u r .  The r e m a i n i n g  
s p e c i e s  a c c o u n t e d  f o r  l e s s  t h a n  20 % o f  t h e  s a m p l e s .  
However ,  t h e r e  was no samp le  w i t h  a  p u r e  c u l t u r e  c o n s i s t i n g  
o f  a  s i n g l e  s p e c i e s .  I n  g e n e r a l ,  each  s a m p l e  i n c l u d e d  3 t o  
8  d i f f e r e n t  g e n e r a .  I t  i s  t h e r e f o r e  n e c e s s a r y  t o  know t h e  
m i c r o b i o l o g y  o f  t h e  m o s t  f r e q u e n t  s p e c i e s  t o  d raw 
c o n c l u s i o n s  a b o u t  t h e  b o u n d a r y  c o n d i t i o n s  f o r  t h e i r  g r o w t h  
i n  t e r m s  o f  b u i l d i n g  p h y s i c s .  
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T a b l e  4 :  C o m p i l a t i o n  o f  t h e  s p e c i e s  o f  f u n g i  i d e n t i f i e d  
f rom t h e  samples.  

4 . 3  Occupancv p a t t e r n s  

A m e t r o l o g i c a l  d e t e r m i n a t i o n  o f  occupancy p a t t e r n s  was n o t  
p o s s i b l e ,  because  o n l y  s p o t  samples were  t a k e n .  D a t a  on t h e  
o c c u p a n t s '  b e h a v i o u r  w i t h  r e g a r d  t o  h e a t i n g  and v e n t i l a t i o n  
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was e x c l u s i v l e y  o b t a i n e d  b y  way o f  a  s u r v e y .  A l t h o u g h  t h e r e  
may e x i s t  c o n s i d e r a b l e  d i f f e r e n c e s  b e t w e e n  e s t i m a t e d  
o c c u p a n c y  p a t t e r n s  and  measurement  r e s u l t s ,  s u r v e y s  a r e  
n e v e r t h e l e s s  a  means o f  i d e n t i f y i n g  c e r t a i n  t e n d e n c i e s .  The 
o c c u p a n t s  were  a s k e d  a b o u t  t h e  mean t e m p e r a t u r e  l e v e l  i n  
t h e  
was 

Tab 

r homes, and  how l o n g  t h e  mean d a i l y  v e n t i l a t i o n  p e r i o d  
The r e s u l t s  a r e  c o m p i l e d  i n  T a b l e  5 .  

~ R e s u l t  o f  t h e  s u r v e y  on  t h e  o c c u p a n t s '  
b e h a v i o u r  d u r i n g  t h e  h e a t i n g  p e r i o d .  

M o s t  o c c u p a n t s  e s t i m a t e d  t h e  t e m p e r a t u r e s  w i t h i n  t h e i r  
d w e l l i n g s  t o  b e  n o r m a l ,  w h i l e  some i n h a b i t a n t s  w e r e  
d e l i b e r a t e l y  k e e p i n g  them a t  a  l o w  l e v e l .  W i t h  r e s p e c t  t o  
v e n t i l a t i o n ,  a  l a r g e r  v a r i e t y  o f  p a t t e r n s  c o u l d  b e  
o b s e r v e d .  One t h i r d  o f  t h e  i n h a b i t a n t s  opened  t h e i r  w indows  
l e s s  tha.n 1 5  m i n . / d a y .  I n  a  b r o c h u r e  d i s t r i b u t e d  b y  t h e  
h o u s e  management ,  t h e  i n h a b i t a n t s  were  p r o v i d e d  w i t h  
c o m p r e h e n s i v e  i n f o r m a t i o n  a b o u t  m o u l d  p r o b l e m s  and  a s k e d  t o  
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open  t h e i r  w indows  a t  l e a s t  3 t i m e s  a  day  f o r  5 t o  10  

m i n u t e s  o f  i n t e n s i v e  v e n t i l a t i o n .  Some 20 % o f  t h o s e  
s u r v e y e d  d e c l a r e d  t h a t  t h e y  opened  t h e i r  w indows  l o n g e r  
t h a n  recommended.  I t  c o u l d  n o t  b e  e s t a b l i s h e d  w h e t h e r  t h e  
answer  was i n f l u e n c e d  b y  t h e  b r o c h u r e ,  w h i c h  was i n  
p a r t i c u l a r  d e s t i n e d  f o r  t h e  i n h a b i t a n t s  o f  m o u l d y  homes. 

The i n v e s t i g a t i o n  a n a l y s e d  t h e  p a r a m e t e r s  w h i c h  m i g h t  b e  
t h e  c a u s e  f o r  m o u l d  g r o w t h .  I n  t h i s  c o n t e x t ,  i n f l u e n c e s  
r e l a t i n g  t o  c o n s t r u c t i o n  and  t o  u s e r  b e h a v i o u r  were  
e x a m i n e d .  E x c e s s i v e  v a l u e s  o f  i n d o o r  a i r  h u m i d i t y  were  
o b v i o u s l y  a t t r i b u t a b l e  t o  u s e r  b e h a v i o u r ,  when m o u l d  was 
n o t  o n l y  g r o w i n g  on b u i l d i n g  component  s u r f a c e s  b u t  a l s o  on  
f u r n i s h i n g s .  A c o m p i l a t i o n  o f  t h e  f a c t o r s  a n d  t h e i r  
f r e q u e n c i e s  i s  p r e s e n t e d  i n  T a b l e  6 .  S t r u c t u r a l  
d e f i c i e n c i e s  i n c l u d e d  t h e r m a l  b r i d g e s ,  d e f e c t i v e  r a i n  
p r o t e c t i o n  d e v i c e s  a n d  r i s i n g  m o i s t u r e  . Among s t r u c t u r a l  
d e f i c i e n c i e s  i t  was d e f e c t i v e  r a i n  p r o t e c t i o n  t h a t  r a n k e d  
f i r s t :  l a r g e  c r a c k s  were  f r e q u e n t l y  o b s e r v e d  i n  e x t e r i o r  
p l a s t e r .  T h e r m a l  b r i d g e s  came s e c o n d ,  n a m e l y  f e a t h e r e d  
b u i l d i n g  c o m p o n e n t s ,  g r a v e l  s t o p s  a n d  w indow j o i n t s .  To 
a v o i d  b u i l d i n g  damage, t h e  same c l o s e  m o n i t o r i n g  i s  
r e q u i r e d  f o r  m o d e r n i s i n g  o l d  d w e l l i n g s  a s  f o r  c o n s t r u c t i n g  
new o n e s .  

Damage due  t o  r i s i n g  m o i s t u r e  was o f  m i n o r  i m p o r t a n c e  i n  
t h e  i n v e s t i g a t i o n .  I n s t e a d ,  i n  one  t h i r d  o f  t h e  d w e l l i n g s ,  
m o u l d  was o b s e r v e d  n o t  o n l y  on  e x t e r i o r  b u i l d i n g  componen ts  
b u t  a l s o  on  f u r n i s h i n g s ,  f u r n i t u r e  a n d  i n t e r i o r  b u i l d i n g  
c o m p o n e n t s .  T h i s  phenomenon i n d i c a t e s  an  e x c e s s i v e  l e v e l  o f  
i n d o o r  a i r  h u m i d i t y  i n  a l l  r ooms ,  s i n c e  m o u l d  g r o w t h  w i l l  
s e t  i n  a t  80  % r . h . .  By a d d i n g  up t h e  f r e q u e n c i e s  i n  
T a b l e  6 ,  i t  becomes c l e a r  t h a t  t h e  damage i s  o f t e n  c a u s e d  
b y  more  t h a n  j u s t  one  f a c t o r .  F o r  t h i s  r e a s o n ,  a l l  p o s s i b l e  
p a r a m e t e r s  s h o u l d  b e  i n c l u d e d  i n  t h e  damage e v a l u a t i o n .  The 
b u i l d i n g  s u b s t a n c e  a n d  i t s  c o n s t r u c t i o n  a s  w e l l  a s  
o c c u p a n c y  p a t t e r n s  s h o u l d  be  t a k e n  i n t o  a c c o u n t .  
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T a b l e  6: C o m p i l a t i o n  o f  t h e  m o s t  f r e q u e n t  p a r a m e t e r s  f o r  
m o u l d  g r o w t h .  S i n c e  d a m a g e  is o f t e n  d u e  t o  m o r e  
t h a n  a  s i n g l e  f a c t o r ,  t h e  a d d i t i o n  o f  t h e  
p a r a m e t e r s  r;sults in a  v a l u e  a b o v e  100 % .  

I Influential factors for moisture damage Frequency [%l 

Thermal bridges 

Rain protection 
device 

- - I Indoor air humidity (mould growth on furniture) I il 31 

Parapet 

Window reveal 

Others 

I I 

5 .0  L i t e r a t u r e  

21 

18 

5 

Small cracks 

Large cracks 

Rising moisture 

E r h o r n ,  H . :  S c h a d e n  d u r c h  S c h i m m e l p i l z b i l d u n g  im 
m o d e r n i s i e r t e n  M i e t w o h n u n g s b a u .  U m f a n g ,  A n a l y s e  u n d  
A b h i l f e m a R n a h m e n .  B a u p h y s i k  10 (1988), H.5, S. 129 - 134. 

37 

15 

9 



IEA ANNEX XIV "CONDENSATION AND ENERGY" CASE STUDIES 

POLITECNICO Dl TORINO 
Dipartimento di Energetica 

c.so Duca degli Abruzzi 24 10129 T o r i n o - M i a  te1.(39).011.5567406 fax(39).011.5567499 telex 220646 POLITO I 

C. LOMBARDI. G.C. CASETTA 

CASE STUDY 3 

"IACP TORINO" 

ITALY 

International Energy Agency 

ENERGY CONSERVATION IN BUILDINGS 

AND COMMUNITY SYSTEMS PROGRAMME 

ANNEX XIV 

Condensation and Energy 



CASE STUDY IACP 

FINAL REPORT 

OBSERVATIONS 

1. SITUATION 
2. LAYOUT 
3. BUILDING FABRIC 
4. TTE MOISTURE PROBLEM 

MEASUREMENTS 

5. MEASUREMENTS 

RESULTS 

6. THE INSIDE CLIMATE 
7. THE BUILDING PERFORMANCE 
8. SPECIAL TOPICS 
8.1 TEMPERATURE FACTOR 
8.2 HUMIDITY ON THE WALL 
8.3 MOISTURE GENERATION AND VENTILATION 

REMEDIAL MEASURES 

9. THERMAL BRIDGES IMPROVEMENT 
10. MECHANICAL VENTILATION 

ITALY 

CONCLUSIONS 



1. SITUATION 

Torino Caselle 45' 11' N 
T39 'E  

altitude = 282 m 

climate 

J F M A M J J A S O N D  

0 0 . 1  1.6 7.2 11.0 15.5 19.2 22.0 24l.4 17.2 11.6 5.6 1.6 
@ 82.4 82.6 53.5 56.6 68.1 7 . 9  74.6 85.3 75.6 82.5 87.9 82.8 

Fig. 1 -Photo of the settlement 



2. LAY OUT 

1. Living Room 
2 Kitchen 
3. Bathroom 
4. Hall 
5. Bedroom 1 
6. Bedroom2 



3. BUILDING FABRIC 

CONSTRUCTION PARTS R I ~ ~ W W I  
Calculated 

WALLS: cavity walls (10/18/12) 0.73 
concrete curtain and air brick walls 036 

X3OR pitched, tiled roof loft soaw floor 
reinforced brick floor 0.67 

FLQORS: same as loft space floor 0.67 
the first floor is on pilings 0.62 

DOORS AND WINDOWS: metal frames, simple glazing 0.17 

CONSTRUCTION DETAILS r [-I 
figure 1 2 3 4 5 

CORNER 1 1 0.26 0.64 0.67 0.68 
PILLAR 2 082 0.72 
WINDOW LINTEL 3 0.91 050 0.83 0.70 0.62 
SILL WINDOW 4 0.45 050 0.63 
CORNER 2 5 0.66 0.73 
FLOORS 6 0.71 0.81 0.74 0.78 

The value presented are calculated using hi = 8 and he = 23 w/~*K 



4. THE MOISTURE PROBLEM 

MOISTURE PRODUCTION & REMOVAL 

Darllings: n I 6 p c m m  
n 2 6 p c m m  

l k r e  is no mcehaniml nor naturalvcntilation ryrtcm, there is a individual hcatingryrtcm. Pwplc dry cloths in the 
bathroom hen it is taininc. " 
DarUing n 1: windm scaling and roUing ahuttcr box insulation 
DarUing n 2: frequent windmopcning 

DAMAGE 

Mould damage photo 

bedmom 1 on outside wlkcorncrs, amund wind-, bchindwrdmber 
bcdmom 2 on outsidemlkmrncn,sround window, behind m r d m b u  2 
Living mom around wind- 
kitchen on outaidcwlkcorners 
bathmom amund window, on ceiling surface 1 

all of the a b m  pmblemr 
no pmblem 

THE MOULD SPECIES in x %of the samples present 

Phoma hcrbarvm 
Penieillivm divcrsum 

Aidpcrgillur sydoai 
Phoma mmorvm 
Mycelium fibdatum moniltaceum 
Mycelium anhmonidicum montltarrum (3) 
~ k c l i u m  anhmmnidicum moniliarrum (4) . . 
Mycelium anhmmnidicum moniliaceum ( 5 )  
Myrelium sterile moniliaccum (7) 
~ k l i u m  stcrilc dcmatiaccum 

AIR GRAVITY SWABBING 
out or12 samples out or 9 samples 

S o m c X s p c c i c s ~ r e  found, being different fmm one mom to another and fmm one finishing layer to another. 

CONSEQUENCES FOR THE INHABITANTS 

Complaints about health pmblcmr ofpwplc sleeping in bedmom 2 



f i g .  I 

f i g .  2 



f i g .  I 



5. MEASUREMENTS 

WHAT EQUIPMENT Photo 

1 SURFACE TEMPERATURE 
2 AIR TEMPERATURES 
3 RESULTING TEMPERATURE 
4 RELATIVE HUMIDlTY 
5 AIRTIGHTNESS 
6 MOULD SAMPLING & DETERMINATION 

7 OUTSIDE CLIMATE 
TEMPERATURE 
RELATIVE HUMIDITY 
TOTAL SOLAR RADIATION 
WIND SPEED AND DIRECTION 

PtlOO thennoohmresistance 
PtlOO thennoohmresistance 
PtlOO in ping pong ball 
Capacitive probes 
Tracer-gas devices 
Air gravity and swabbing with 
sterile buds samples (Petri dishes) 
Insulation in tubes with malt or 
Czapek's agar and identification 
by key books for species. 
Meteo System LSI 
PtlOO thennoohmresistance 
Resistance probe 
Solarimeter 1 

MANAGEMENT 

13-30 November 1987 Dwelling n 1 2 + 4 in all room 
1 in some signif~cant points of bedrooms 
1 and 2, living room and bathroom 

13 January-14 February 1989 Dwelling n 1 2 +4 in all rooms 
1 in some significant points of bedroms 
1 and 2, living room and bathroom 

17 January-26 February 1989 Dwelling n 2 2+4 in all rooms 
1 in the symmetric points of dwelling 1 

19-23 March 1989 Dwellingnl 2+4inallrooms 
1 in some signiticant points of bedrooms 
1 and 2, living room a d  bathroom 

Data Acquisition Unit: data logger on magnetic tape 
(LSI- Laboratori di Strumentazione Industriale S.p.a) 2 



6. THE INSIDE CLIMATE (original situation) 

TEMPERATURE 8 i  = f(8e) r 2 

Dwelling 1 

bedroom 2 163+0.268e 027 
bedroom 1 182 + 0.028e 0.016 
Livingroom 16.8+0.158e 0.16 
batbroom 183+0.128e 0.10 
kitchen 202+OM8e 0.01 

HUMIDITY 

bedroom 2 
bedroom 1 
Living room 
batbroom 
kitchen 

KITCHEN 

BEDROOM 1 



7. THE BUILDING PERFORMANCE 

BUILDING FABRIC 
Dwelling 1 Dwelling 2 

Tbcrmal rahane m d  rralucr scc3 
Ventilation m e  (mc.%urrd) [h.'] 0.4 
Heatingmrt 

SURFACE CONDITIONS 
measurina mint %of time 

finishing material mould # > 7 W o  # > W o  #= 100'70 
Dwelling 1 W/N) 
2 k d m m  1 air 37.0 26 0 
I dndowrarb enamel paint Y 865 68.4 12.8 
3 k d m m  2 air 265 13 0 
4 cciling &tc aa rh  Y 53.9 18.6 0 
5 ourcidcwdl wall papcr Y 44.6 9.1 0 
6 partition wall pa= N 25 0 0 
7 wall along side 

ofwardmbc plastcr Y 54.1 2 1  0 
10 ba thmm air 32.1 1 0 
12 corner white wash Y 81 60 3 
11 shutter bo* enamcl paint Y 6.7 36.4 03 
9 litchcn air 0.1 0 0 
8 lintel 0') 183 5 0 
13 living m m  air I5 0 0 
14 dndav ra rh  Y 66.1 47.6 1.8 

C() = visible mould from the part. It is not cfearwethcr this mould isstill a& 
Y = present mould g m ~ h  

= no mould, but sudacc condewdon observcd during measuringpcricd 

0 

hdr- L 

' 



8. SPECIAL TOPICS 

8.1 TEMPERATURE FACTOR r 

r varies in space and time for a numbcr of reasons, such as the presence of two ot three dimen- 
sional heat fluxes in the building strubure, or time varying boundary conditions within the wall and 
at the wall boundaries. 
Neve.rthelcss a regression Line can bc plotted of (8.i-8,) against (8i-8,); the slope of +e regres- 
sion Line gives a mean estimate of the temperature fador at that point. 
The measuring period requested to obtain a reliable regression Line is of 15 days. 

OF". ."b. 



8 2  HUMIDITY ON THE WALL 

Assuming to mantain the relative humidity in the inside air within the comfort limits (60% RH) by 
mean. of ventilation, the time percentages at which surface relative humidity might exceed 70%. 
80%. = 100% were found 

- -- 

EVALUATION 
-The critical thermal bridges are in bedroom 1, in the bathroom and in the kitchen. 
- For all the other thermal bridges the high RH in the room seems to be the main cause of moldr 
growth and surface condensation 

RHei trend when RHi ie equal t o  601 (1 time) 
Dwelling tACP 1 

time 1 
:/ 

,edroom 2 
on white rash 
lseilingl 
on wall paper 
(outeide wall) 
on wall paper 
(partition1 
plaator .long 
wardrobe aide 

bathroom 
corner .. 
over rolling 
ahutter box 

kitchen. 

living roo. 

RHei 
,701 

. data of the third mearurina Dtriod only . . .. data of the firat two meaaurinq perlods only 



8 3  MOISTURE GENERATION AND VENTILATION 

Using the mean ventilation rate an4 as tirst approximation, the steady - state mass balance equa- 
tions, the hourly moisture generation in each room and then the maximum steam production in all 
the flat (lkgh) were derived. 
To contrast moisture generation and prevent surface condensation a minimum ventilation rate was 
plotted 

EVALUATIONS 
-The estimated everage steam produdion (lkgh) is an acceptable value for six people living in the 
dwelling. 
- A  value of 170 m3h (o =0.8) prevents from wndensation also on the coldest point of the walls. 

COLDEST POINT OF THE WALLS 
(Period 13/1 - 15/2/88) 

200.00 , 

W T F S S U T W T F s s M T w T F S S U T W T F s S M T v ~ r F s s u  

TIME [day,] 
hourly trend 

(*)When no ventilation rate is requested it means that the mean natural ventilation with n = 0.4 is 
enough. 



REMEDIAL MEASURES 
9. THERMAL BRIDGES IMPROVEMENT 

Some easy to be done thermal bridges improvements were tested using the fmite elements calcula- 
tion method. 

CONSTRUCTION DETAILS r[-1 
f v e  1 2 3 4 5 

CORNER 1 1 058 0.93 0.94 0.97 
WINDOW L I ~ L  2 0.90 0.91 0.89 o m  0.63 
CORNER 2 3 0.89 0.92 

The value presented are calculated using hi = 8 and he = 23 w / ~ * K  

EFFECTS 
Higher surface temperatures 

THERMAL BRIDGE ISOTHERMS 



10. MECHANICAL VENTILATION 

The installation of a humidity controlled ventilation system was recommended putting an extract 
fan over a suspended ceiling in the bathroom, and supply air devices in the kitchen, in the bathro- 
o m  and in bedroom 2 

EVALUATION 
T o  be done 



CONCLUSIONS 

The measurements done in the present case - study allowed to show the thennal insulation lack in 
some points of the building envelope due to the mong design of some thermal bridges. 
Besides this structural failing the insufticient ventilation toghether with an heavy occupancy of the 
dwelling appears as the main cause of mould growth and surface condensation. 
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Within the frame of IEA-Annex XIV "Condensation and Energy" a case study 

has been carried out in a dwelling in the village Pijnacker. 

In this dwelling mould and discoloration problems occured at the inner 

surface of the end-wall in the livingroom and at the plastered surfaces 

in the bathroom. From January 1988 till May 1988 measurements have been 

carried out in the dwelling and remedial measures were proposed to 

prevent mould growth in the future (see report BI-88-124). 

After measures had been carried out the effects on the indoor climate in 

relation to mould growth as well as the behaviour of the building 

elements were determined. 

As a special feature mould samples were taken from the surfaces as well 

as from the air at three different moments during the measuring period, 

which started in Frebruary 1989 and lasted till September 1989. 

The aims of objectives of measuring and sampling were: 

- evaluation of the measures i.e. their effects on indoor climate, 

thermal quality of the envelope and mould growth circumstances; 

- contribution to the inventory of damage causing moulds in dutch 

dwellings; 

- gaining more insight in the usefulness of biological analyses in 

solving fungal problems. 

As far as the biological analyses are concerned, main conclusions are: 

- microscopic survey of a sample of plaster from the affected spot in 

the livingroom showed that discoloration had been caused by fungal 

attack. However, cultivation of fungal parts (spores, hyphen) on agar 

plates did not result in any mould growth. Therefore, it is reasonable 

to conclude that fungal activity or vitality is very small. In other 

words, the discoloration is not related to the indoor climate 

registered in 1989; in fact, while measuring the fungal problem did 

not exist anymore in the livingroom. 

This result emphasizes the importance of simple biological analyses in 

advance of more complex and expensive measuring of indoor climate. 
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- sampling from the walls and ceilings have been carried out 3 times, in 
february, june and september 1989. The results showed that evaluation 

of the effect of (remedial) measures on mould growth circumstances 

takes at least a time period of 6 months. 

- from sampling and cultivation it was obvious that the yellow 

discoloration in the bathroom was not a consequence of 

biodeterioration. This is in contrast with the assumptions that fungi 

and yeasts were main causes. 

The results emphasize the importance of biological research to focuss 

further investigations. In case of the Pijnacker dwelling one may 

think of studying chemical processes in the bathroom plaster. 

Conclusions on the several measures are: 

- refilling the lacks in the cavity wall-insulation in the end wall of 

the livingroom resulted in a significant better temperature ratio r 

during the winter period. 

- the indoor climate in the livingroom showed a lower moisture content 

of the indoor air (kitchen was moved to the barn at the rear side of 

the dwelling). 

- an important conclusion can be drawn on the measure concerning the 

ventilation of the bathroom. The indoor humidity was originally (1988) 

acceptable because of the frequent window-opening by the inhabitants. 

The system of natural ventilation as such was inadequate. 

After installing a mechanical ventilation the indoor humidity (climate 

class, measured in 1989) increased, due to changes in behaviour of the 

occupants. While originally the window was kept open for several 

hours, now the new system appears only to be used during the showering 

period. Although in the past no problems due t o  mould occured, 

biological analyses in september 1989 showed that now indeed moulds 

are growing and that problems are to be expected. 

The relation between the now measured indoor climate and the 

development of mould will be subject of a future internal TNO-study. 
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2 .  SITUATION 

Single family dwelling 

Peizerdiep 27 

Pijnacker 

Netherlands 

4'26'0L 

52"011NB 

altitude - 5 m 

climate 

J F M A M J J A S 0 N D 
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P h o t o  2 . 1  F r o n t  s i d e  o f  t h e  d w e l l i n g  
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3. LAY-OUT 

In december 1988 the kitchen has been moved to the barn at the rear 

side. 

original situation 'nev' situation 

A (m2) v (ms) A (m2) v (ms) 
Livingroom 26.9 70.0 36.2 94.3 

Kitchen 9.3 24.3 4.3 11.1 

Hall 3.6 9.4 

Bathroom 4.0 9.6 

Bedroom 1 11.3 27.2 

Bedroom 2 20.5 37.3 

Bedroom 3 13.6 26.4 
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4 .  BUILDING FABRIC 

CONSTRUCTION PARTS R (m2. K/W) 

Calculated 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
WALLS : end w a l l ,  cav i ty  wall  (10/7/23 cm) concre te  inne r l ea f  1 . 3  

f r o n t  and r e a r  wa l l ,  cav i ty  wal l  (10/7/10 cm) 

c e l l u l a r  concre te  inne r l ea f  1 . 6  

ROOF : t i l e d  roo f ,  insu la ted  1 . 5  

FLOORS : re inforced  concrete  

f l o o r  above crawl space,  re inforced '  concre te  + 
woodf ibe r  concre te  0.6 

WINDOWS: vood, s i n g l e  glazing u p s t a i r s ,  double downstairs  
---------------------------------------------------- . - ------------------  

End wal l  l ivingroom 3 . 1  

measuring per iod  

09-01-88 / 19-04-88 0.733 - 0.013 Be 0.23 

The r value has  been measured (see f i g u r e  4 .1)  

The temperature r a t i o  r increases  a t  decreasing ou t s ide  temperature due 

t o  t h e  inf luence of t h e  temperature i n  the  crawl space ( f i g u r e  4..2). 

The indoor a i r  temperature was measured a t  1.1 m h e i g h t  above t h e  f l o o r .  
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Figure 4.1 

I " 
0 - - 
n 
I 
I 
I 
I 
I 

I 

1. masonry 

2. air split 

3. mineral wool insulation 

4. reinforced concrete 

5. composition floor 

o measuring point 1 

Cross section of the end wall 

temperature rat io of measuring point 1 
In  the lkmoroorn 

Figure 4 . 2  : Temperature ratio at 0.05 m above floor 
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5. THE MOISTURE PROBLEM 

MOISTURE PRODUCTION & REMOVAL 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dwelling 4 persons (2 adults + 2 children) 
Extract fan in the kitchen (not used) 

No previsions for laundry drying; the inhabitants dry it in the loft 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DAMAGE photo 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
livingroom : discoloration of the end wall 5.1 

bathroom : discoloration of walls and wiling 5.2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
THE MOULD SPECIES (tape samples) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Livingroom (original present) 

- Cladosporium 
- Alternaria 
- until september 1989 no moulds were determined. 
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Photo 5.1 : Discoloration of the end wall in the livingroom 

Photo 5.2 : Discoloration of walls and ceiling in the bathroom 
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6. MEASUREMENTS 

WHAT EQUIPMENT 

1 SURFACE TEMPERATURE 

2 AIR TEMPERATURE 

3 RELATIVE HUMIDITY 

ABSOLUTE HUMIDITY 

4 AIR TIGHTNESS 

5 MOULD SAMPLING & DETERMINATION 

Cu-Co couples, PtlOO 

Vaisala HMP 112Y 

Vaisala HMP 112Y 

Dewpoint meter 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1988 : 1 + 2 + 3 in livingroom and bathroom 

4 for the whole dwelling 

2 + 3 in hall + bedroom 2 + bedroom 3 
1989 : 1 + 2 + 3 + 5 in livingroom and bathroom 
Data Acquisition unit : hp3497A datalogger 
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7. THE INSIDE CLIMATE (original situation) 

(measuring period 09-01-88 / 19-04-88) 

TEMPERATURE ~~-f(@,) 

(weekly average) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
HUMIDITY Pi- Pe' f(Oe) r2 figure 

(weekly average) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
livingroom : 393 - 23.98e 0.38 7.1 

bathroom 386 - 12.78e 0.12 7.2 

203 - 22.98e 0.59 bedroom 2 : 

bedroom 3 : 190 - 22.38e 0.56 

hall 182 - 16.58e 0.48 
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livingroom (weekly overage) 

Figure 7 . 1  : Vapour pressure difference between inside and outside 

bathroom (weekly average) 

Figure 7 . 2  : Vapour pressure difference between inside and outside 
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8. THE BUILDING PERFORMANCE 

BUILDING FABRIC 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Thermal resistance and r-values see 3 
- 1 

Air tightness: n,,[h ] 1.3 
- 1  

Ventilation rate [h ] 1.0 

Heating cost (mS gas/year) 2050 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SURFACE CONDITIONS (measuring period 09-01-88 / 19-04-88) 
measuring point % of time 

finishing mould RH-100% >95% >90% >80% >70% 

material 

livingroom 1 plaster (Y) 0 0 2 8 3 8 

2 plaster (y) 0 0 0 3 24 

3 plaster (Y) 0 0 0 0 3 

4 plaster (Y) 0 0 0 0 3 

bathroom 5 plaster (?)  3 5 7 12 24 

(Y) - visible mould from the past. 
(7) - discoloration not caused by moulds 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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9 .  SPECIAL TOPICS 

9 . 1  THERHOGRAPHIC 

Photo 9.1.1 shows an i n f r a  red  thennographic p i c t u r e  of t h e  p a r t  of the  

end wal l  a s  shovn i n  photo 4.1.  

Furthermore a thermography survey of the  outs ide  sur face  of the  end wal l  

showed t h a t  i n  the  c a v i t y  p a r t s  of the  in su la t ion  l a y e r  were missing.  

This was confirmed by checking with an endoscope. 

Photo 9 . 1 . 1  : I n f r a  red  p i c t u r e  of the  inner  su r face  

of the  end wall  i n  the livingroom 
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9.2 VENTILATION OF THE DWELLING 

During the measuring period of three months (1988) the pressure 

difference over a number of permeable elements as well as the position 

of doors and windows were continuously measured. 

An overview of the use of the windows during this measuring period is 

shown in table 8.2.1. In this table the percentage of time the windows 

were opened is mentioned. Furthermore a short explanation is given 

concerning the use of the windows. 

With the MT-TNO ventilation model calculations have been made on the 

ventilation and the ventilation pattern of the dwelling. 

Three periods of the day have been distinguished, from 8 to 17 h. from 

17 to 20 h and from 20 to 8 h. 

Specific for the period from 8 to 17 h is that the ventilation light in 

the bathroom is continuously opened. 

Specific for the period 17 to 20 h is that the ventilation light in the 

livingroom (front) is opened. 

For the period of 20 to 8 h is that in all bedrooms windows are opened 

ajar. 

The calculated air change rate of the dwelling by us; of the windows for 

the different periods is given in table 9.2.2; the results are depending 

on the wind direction. The air change rate is in average about 1 per 

hour (assumed wind speed 5 m/s and an outdoor temperature of 5 'C). 

The behaviour of the occupants (opening windows) proves to be an 

important factor. 
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Table 9.2.1 : Overview of the use of the windows --------------------------------------- .-------------------------------  
% opened during illustration 
measuring period 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
vent. light livingroom 2 no clear tendency 
(rear) 

casement window living- 13 a few times the window 
room (rear) during a long time 

stands ajar (several days) 

vent. light livingroom 14 mostly in the afternoon 
(front) (during cooking) 

casement window living- 33 mostly the window stands 
room (front) ajar for a long time 

(several days) 

vent. light toilet 15 no clear tendency 

vent. light bathroom 42 mostly opened from 8-17h; 
window is also opened at 
other times for shorter 
periods (1-3h) 

vent .light bedroom 1 2 7 opened frequently at night 

casement window bedroom1 7 8 for long periods ajar 

large pivoting window 4 no clear tendency 
bedroom 2 

small pivoting window 3 2 at night often ajar 
bedroom 2 

large pivoting window 60 often during long periods 
bedroom 3 ajar (nights) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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9.3 MOISTURE PRODUCTION; MOISTURE DISTRIBUTION 

The moisture production in the dwelling seems to be normal; no other 

sources then natural human production seem to play a role. 

The figures 9.3.1 and 9.3.2 are showing moisture distribution effects 

throughout the dwelling: 

- moisture production in the kitchen can be traced in the livingroom I 

(figure 9.3.1) 

- moisture production in the bathroom can sometimes but not always be 

traced in the bedrooms (figure 9.3.2) 

From calculations with the ventilation model results that there will 

exist a rather large air flow through the staircase to the loft. This is 

mainly caused by the ventilation provisions for the heating 

installation, which are placed at the ridge. 

For moisture distributions consequences are that moisture produced in 

the loft space (drying of laundry) will mostly be extracted directly 

from-the dwelling. Moisture produced in the bathroom will, dependent on 

: the wind direction, also often be extracted directly. Moisture from the 

kitchen however could be spread over various rooms. 
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0 6 12 18 
HOUR OF THE DRV DnV 64 

nr. Locatlon averape I WIID 1 

I oUtdoDP 
6 knchen 
0 Ilv!no-Poom 
a Ilulne-room (comer) 

Figure  9 . 3 . 1  : Course of water vapour con ten t  i n  t h e  k i t c h e n ,  

l ivingroom and outdoors on 4 t h  of march 1988 
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Figure 9.3.2 : Course of water vapour content in the bathroom and 

outdoors on 4th of march 1988 
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REWEDIAL MEASURES 

10.1 AMELIORATION OF THE THERMAL QUALITY 

10.2 MOVING THE KITCHEN 

10.3 AMELIORATION OF THE VENTILATION 
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10.1 AHELIORATION OF THE THERMAL QUALITY 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Refilling the missing parts of the cavity insulation of the end wall. 

This was done by blowing-in.minera1 wool flocks. 

Furthermore the inner surface of the end wall was replastered (gypsum) 

and painted (white acrylic dispersion paint). 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
EFFECTS 

measuring point T r2 figure 

End wall livingroom 1 

(measuring period) 

before (09-01-88 / 19-04-88): 0.733 - 0.013 Be 0.23 4.2 

after (09-03-89 / 07-05-89): 0.845 - 0.021 Be 0.70 10.1.1 

Moulds 

- no discoloration appeared (last observation sep. 1989). 
- no new mould growth could be determined. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

EVALUATION 

Moulds on the inner surface are probably an inheritance from the past. 

Refilling the lacks in the cavity wall-insulation results in a 

significant better temperature ratio T during the winter period. 
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Figure 10.1.1 : Temperature ratio' at 0.05 rn above floor after 

refilling missing insulation 
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10.2 MOVING THE KITCHEN 

The kitchen was moved to the barn at the rear side in december 1988. 

(as planned by the inhabitants). 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
EFFECTS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The inside climate (weekly average): 

- indoor temperature : 

(measuring period) 

before (09-01-88 / 19-04-88): Bi- 16.1 + 0.11 Be' r2 - 0.20 
after (09-03-89 / 07-05-89): Bi- 17.2 + 0.04 Be rZ - 0.02 

- moisture content in the livingroom (weekly average): 

(measuring period) 

before (09-01-88 / 19-04-88): pi- pe- 393 - 23.9 Be r2 - 0.38 
after (09-03-89 / 07-05-89): pi- pe- 370 - 24.1 Be r2 - 0.31 
(figure 10.2.1) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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l ivingroom (weekly overoge) 
period 9-3- 

Figure 10.2.1 : Vapour pressure difference between inside and outside 
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1 0 . 3  AMELIORATION OF THE VENTIlATION 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
An e l e c t r i c  f a n  was i n s t a l l e d  i n  t he  bathroom 

The wa l l s  and c e i l i n g  were r epa in t ed  ( a c r y l i c  d i s p e r s i o n  p a i n t )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
EFFECTS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The i n s i d e  c l ima te :  

- indoor  temperature (weekly average) 

(measuring pe r iod )  

be fo re  (09-01-88 / 19-04-88):  Bi- 14.4 + 0 .11  B e  r2 - 0.05 

a f t e r .  (09-03-89 / 07-05-89):  Bi- 15.8 + 0.23  B e  r2 - 0 .21  

- moisture  con ten t  i n  t h e  bathroom (weekly average)  

be fo re  (09-01-88 / 19-04-88):  pi- pe- 386 - 12.7  B e  r2 - 0.12 

a f t e r  (09-03-89 / 07-05-89):  pi- pe- 536 - 8 . 6  B e  r2 - 0.05 

( f i g u r e  10.3.1)  

- frequency of h igh  RH's a t  t h e  su r f ace  increased  a s  w e l l .  

0 of t i m e  

RH - 100 0 > 95% > 90% > 80% > 70 % 

be fo re  : 3 5 7 12 24 f i g u r e  9 . 3 . 2  

a f t e r  : 5 7 10 18 41  f i g u r e  9 .3 .2  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
EVALUATION 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Installing an electric fan gave here a negative result concerning the 

indoor air humidity. The inhabitants are using the fan probably only 

during showering. 

Proper information must be given to the inhabitants how to use this 

kinds of provisions, hence the effects could be negative and could lead 

to (increase of) problems. In this case the increase of the indoor air 

humidity did not lead until now to visible new mould growth on the 

surface, although Cladosporium was determined in September 1989. 
- - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
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bathroom (weekly average) 

- - - - - -- > oukMe tempernlure ( C) 

Figure 10.3.1 : Vapour pressure difference between inside and outside 
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frequency of RH at  the surface 

Figure 1 0 . 3 . 2  ; Frequency of RH at the surface in  the bathroom 
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Case s t u d y  A lexanderpo lde r  

1 I n t r o d u c t i o n  

I n  t h e  scope o f  IEA Annex X I V  "Condensat ion and Energy" c a s e - s t u d i e s  

d e a l i n g  w i t h  m o i s t u r e  and mould problems i n  d w e l l i n g s  had been c a r r i e d  

o u t .  

I n  o r d e r  o f  NOVEM BV t h e  d u t c h  case-s tudy  "A lexanderpo lde r  Rot terdam" 

(execu ted  by Cauberg Huygen c o n s u l t i n g  eng ineers  BV) i s  summarized by 

DGMR c o n s u l t i n g  eng ineers  BV. 

T h i s  r e p o r t  c o n t a i n s  a  summary o f  t h e  case s t u d y  " A l e x a n d e r p o l d e r  R o t t e r -  

dam" a c c o r d i n g  t o  t h e  fo rmat  o f  Annex X I V  r e p o r t  8-T7-34/1989. 

A d d i t i o n a l  i n f o r m a t i o n  o f  "Rotterdam-Alexanderpolder" i s  o b t a i n a b l e .  

IEA Annex X I V  r e p o r t s  d e a l i n g  w i t h  t h i s  case s tudy  a re :  

- NL-T7-18/1988 

- NL-T7-24/1988 

- NL-T7-33/1989 
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2 O b s e r v a t i o n s  

2 . 1  S i t u a t i o n  

E u r o ~ e  - The Ne the r lands  

The N e t h e r l a n d s  - R o t t e r d x r  
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2 .1 .1  E s t a t e  . . . . . .  

E s t a t e :  V i g n o l a s t r a a t  14 ( d w e l l i n g  1) - A lexanderpo lde r  Rotterdam 

3 rooms / c o r n e r  

mould g rowth  problems ( i n  t h e  1  i v i n g r o o m  and bedroom) 

V i g n o l  a s t r a a t  22 ( d w e l l  i n g  2) - A lexanderpo lde r  Rotterdam 

4 rooms / m i d d l e  

no mould damage 

2.1.2 C l i m a t e  . . . . . . . 

The c l i m a t e  o f  The Ne the r lands  i s  p resen ted  i n  n e x t  t a b l e .  
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Meteorological Data of 
The Netherlands 

__.____.....____.__~~~~~~~.~~~~~~--~~~~~~~~.~.~...~~.-------~~---.--~...--------- 

user : I 2 W I S l C A  proyamma : KLlTOT 10:50 2 .RJN 88 - I - 
................................................................................. 
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2.2 Lay o u t  
. . . . . . . 

T a b l e  

Areas and volumes o f  s e v e r a l  rooms i n  d w e l l i n g  I 

room 

The apar tment  V i g n o l a s t r a a t  14 i s  a  p a r t  , o f  a  l a r g e  c o n c r e t e  s k e l e t o n  

b l o c k  (1960 's )  and i s  l o c a t e d  on t h e  f i r s t  f l o o r  above a  basement shed. 

A [m21 

l i v i n g r o o m  

r e a r  1 i v i n g r o o m  

k i t c h e n  

bedroom 

20.2 

13 .4  

7 . 7  

9 .5  
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Ground p l a n  d w e l l i n g  V i g n o l a s t r a a t  14 



Case s tudy  Alexanderpolder  M.89 

FRONT GABLE ( V e s t )  DWELLING 1 DUELLING 2 
l i v i n g ' r o o m  b e d r m  1 bedroom 3 

- ~- 4- . . 
livingroom 

4 '--i---- : 

FRONTGABLE I u e s t l  
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2.3 B u i l d i n g  f a b r j c  - - - - - - - - - - - - - - -  

2 .3 .1  C o n s t r u c t i o n  p a r t s  . . . . . . . . . . . . . . . . . .  

W a l l s :  b r i c k - c a v i t y - b r i c k  ( i n  1978 t h e  w a l l s  were c a v i t y  f i l l e d )  

F l o o r s :  c o n c r e t e  

2.3.2 C o n s t r u c t i o n  d e t a i l s  and f i n i s h e d  s t a t e  ....................................... 

The l o c a t i o n  o f  some c o n s t r u c t i o n  d e t a i l s  of t h e  d w e l l i n g  a r e  p resen ted  

i n  t h e  f o l l o w i n g  g round  p l a n  and c r o s s  s e c t i o n s .  A  schedule  o f  t h e  f i n i s -  

hed s t a t e  o f  t h e  w a l l s ,  c e i l i n g s  and f l o o r s  i n  b o t h  t h e  apar tments  i s  

g i v e n .  
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d e t a i l  1 

detail 3 d e t s i l  4 
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detail 6 

detail 5 

detail 7 
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Finished state. 
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2.4 The m o i s t u r e  prob lem 
.................... 

2.4.1 M o i s t u r e  p r o d u c t i o n  and removal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D w e l l i n g  n o . 1  : 2  i n h a b i t a n t s  ( p e n s i o n e r s )  p r e s e n t  d u r i n g  t h e  whole day 

+ 1 c a t  

D w e l l i n g  no.2 : 3  i n h a b i t a n t s  ( 2  p a r e n t s  30-40 y e a r s  o l d  and 1  c h i l d  0 - 5  

y e a r s  o l d ) .  One i n h a b i t a n t  i s  a t  home d u r i n g  t h e  day.  No 

p e t s .  

MOISTURE PRODUCTION 

D w e l l i n g  1 : - p l a n t s  : q u a n t i t y  "no rma l " ;  

- l a u n d r y  d r y i n g :  i n  t h e  basement o r  o u t s i d e .  

D w e l l i n g  2  : - p l a n t s  : q u a n t i t y  "normal "; 

- l a u n d r y  d r y i n g :  i n  t h e  k i t c h e n .  

MOISTURE REMOVAL 

The d w e l l i n g s  a r e  p r o v i d e d  w i t h  a  n a t u r a l  v e n t i l a t i o n  system. There i s  a  

n a t u r a l  exhaust v a l v e  i n  t h e  bathroom, k i t c h e n  and t o i l e t  ( shun t -sys tem) .  

The bathroom i s  w e l l  v e n t i l a t e d .  The window i s  always open and t h e  door  

t o  t h e  k i t c h e n  a lmos t  oermanent. 

2.4.2 Damage . . . . . .  

P a t t e r n s  o f  t h e  mould damage on c o n t r u c t i o n  p a r t s  o f  d w e l l i n g  1 a r e  

d e s c r i b e d  i n  t h i s  paragraph.  D w e l l i n g  2 showed no appearance o f  moulds. 
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S l i g h t  mould development i n  t h e  l i v i n g  room: 

- near  t he  co rne r  n o r t h  facade - c e i l i n g  and man i f es t s  on t h e  w a l l  paper 

(about  5  cm wide) 

- o n t h e  c e i l i n g  (spots :  0.5 2. 1 .0  cm). 

D i sco l ou red  patches were cleaned up r e g u l a r i l y  by t h e  i n h a b i t a n t s  i n  t h e  

pas t ,  bu t  no t  d u r i n g  t h e  research.  

Mould development i n  t he  r e a r  l i v i n g  room: 

- Near t h e  co rne r  n o r t h  gable - c e i l i n g  t h e  mould damage i s  s t r onge r  

t han  i n  t h e  l i v i n g  room. A  s t r i p  o f  t h e  c e i l i n g  (about  30 - 40 cm 

w ide)  i s  d i s co l ou red ;  
- 30-corner  facade - back gab le  - c e i l i n g ;  
- 30-corner  facade - back gable - f l o o r  ( spo t :  15 * 15 cm2). 

Mould development i n  t h e  bedroom: 
- Spots :  5  * 5  cm2 aga ins t  t he  c e i l i n g  between t h e  o u t e r  window frame - 

c u r t a i n - r a i l  ; 

- Mould s t r i p  on t h e  c e i l i n g .  I t s  d i s t a n c e  t o  t h e  c u r t a i n - r a i l  i s  about 

10-15 cm; 

- Severa l  mould a f fec ted  spots are d i s t r i b u t e d  a l l  o ve r  t h e  c e i l i n g .  
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2.4.3 The mould spec ies  . . . . . . . . . . . . . . . . .  

Tab1 e  

Determined mould spec ies  i n  d w e l l i n g  I 

I room I s i t e  de- d i s c o l o u -  
s c r i p t i o n  r a t i o n  

I bedroom c e i l i n g  /greenbrown 

g reen  

s t r i p e s  

mould spec ies  

l i v i n g -  

room 

A s p e r q i l l u s  p e n i c i l l o i d e s  Spegazz in i  

A s p e r q i l l u s  r e s t r i c t u s  Smi th  

P e n i c i l l i u m  brevicompactum D i e r c k s  

A s p e r q i l l u s  p e n i c i l l o i d e s  

Wal l e m i a  s e b i  

facade 

N o r d - r i g h t  

A s p e r q i l l u s  p e n i c i l l o i d e s  

Wal lemia s e b i  

A s p e r q i l l u s  r e s t r i c t u s  Smi th  

Cladospor ium herbarum L i n k  ex F r i e s  

green 

s t r i p e s  

(source :  K o r t  H.S.M.,  v . B r o n s w i j k  J.E.M.H., Schober G.; Moulds m i t e s  and 

m o i s t u r e ;  a  p r e l i m i n a r y  r e p o r t  on s i x  cases o f  funga l  damage i n  dwel -  

l i n g s . ) .  

The de te rm ined  mould spec ies  a r e  a b l e  t o  s u r v i v e  i n  r e l a t i v e l y  d r y  mo is -  

t u r e  c o n d i t i o n s .  
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2.4.4 Consequences for the inhabitants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Mould growth was discovered about 4 years before the start of the re- 

search. One discovered slight discolouration o f  the wall paper. 

It is not known, in what season the mould damage initiated. 
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3  Measurements 

3 .1  What / equipment 
................ 

What Equipment 

1. Sur face  temperature CuCo thermocouples 

2. A i r  temperatures CuCo thermocouples 

3 .  A i r  temperatures V a i s a l a  Humicap HMPl l lY  

4. Re1 a t i v e  h u m i d i t y  V a i s a l  a  Humicap HMPl l lY  

5 .  A i r  t i g h t n e s s  

6 .  Mould sampl ing and d e t e r m i n a t i o n  Scrap ings  / tape  i m p r i n t s  

7 .  Open/close p o s i t i o n  o f  t h e  

windows/doors Sw i tch  

3 .2  Management 
.......... 

P e r i o d  o f  measurement : 14-01- '88 - 08-03- '88 

A i r  temperature and r e l a t i v e  h u m i d i t i e s  were measured i n  severa l  rooms i n  

b o t h  t h e  d w e l l i n g s .  

I n  rooms combat ing mould-problems su r face  tempera tu res  had been measured 

( e s p e c i a l l y  boundary p lanes mould/no mould and a l s o  s u r f a c e  temperatures 

on " r e f e r e n c e  c o n s t r u c t i o n s "  w i t h o u t  mould-damage). 

Next  ground p l a n  shows a  rev iew o f  t h e  measur ing sensors  i n  d w e l l i n g  1. 
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r e n v o o i  - 
I'V/TI = r e l a t i v e  humidit:,  a > d  t empera tu re  prohe 

= t.hermocnuple 
@ = window / door  s w i t c h  

@ = window / door  / v a l v e  window s w i t c h  
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Channel  Room 

bedroom 3 
bedroom 3 
k i t c h e n  
k i t c h e n  
bathroom 
bathroom 
bedroom 1 
bedroom 1 
bedroom 1 TBI 
bedroom 1 TB; 
bedroom 1 TBI 
bedroom 1 TBI 
bedroom 1 TB! 

ou tdoors  
ou tdoors  
l i v i n g  TB1 
l i v i n g  TB2 
l i v i n g  TB3 
l i v i n g  TB4 
l i v i n g  TB5 
l i v i n g  
bedroom 
bathroom 
r e a r - l i v i n g  
l i v i n g  
bedroom 
k i t c h e n  

r e a r - 1  TBO 
r e a r - 1  TB1 
r e a r - 1  TB2 
r e a r - 1  TB3 
r e a r - 1  TB4 
r e a r - 1  TB5 
r e a r - 1  TB6 
r e a r - l i v i n g  
r e a r - 1  TB8 
r e a r - 1  TB9 
r e a r - 1  TBlO 
bathroom 
bathroom TB 
bathroom 
k i t c h e n  TB 
k i t c h e n  
bedroom TB1 
bedroom 
bedroom TB2 
bedroom TB3 

r i n g  i n s i d e  
r i n g  o u t s i d e  
r i n g  o u t s i d e  
r i n g  i n s i d e  

Measuring 

a i r t e m p .  
R . H .  
a i r t e m p .  
R . H .  
a i r t e m p .  
R . H .  
a i r t e m p .  
R . H .  
s u r f .  temp. 
s u r f .  temp. 
s u r f .  temp. 
s u r f .  temp. 
s u r f .  temp. 

R . H .  
a i r t e m p .  
s u r f .  temp. 
s u r f .  temp. 
s u r f .  temp. 
s u r f .  temp. 
s u r f .  temp. 
a i r t e m p .  
a i r t e m p .  
R .H .  
R . H .  
R . H .  
R . H .  
R . H .  

s u r f .  temp. 
s u r f . t e m p .  
s u r f .  temp. 
s u r f . t e m p .  
s u r f . t e m p .  
s u r f .  temp. 
s u r f . t e m p .  
a i r t e m p .  
s u r f . t e m p .  
s u r f . t e m p .  
s u r f . t e m p .  
s u r f .  temp. 
s u r f .  temp. 
a i r t e m p .  
s u r f .  temp. 
a i r t e m p .  
s u r f .  temp. 
s u r f .  temp. 
s u r f .  temp. 
s u r f . t e m p .  

r e s i s t a n c e  
r e s i s t a n c e  
r e s i s t a n c e  
r e s i s t a n c e  

V a i s a l a  
V a i s a l a  
V a i s a l a  
V a i s a l a  
V a i s a l a  
V a i s a l a  
V a i s a l a  
V a i s a l a  
thermocouple 
thermocouple 
thermocouple 
thermocouple 
thermocouple 

V a i s a l a  
V a i s a l a  
thermocouple 
thermocouple 
thermocouple 
thermocouple 
thermocouple 
thermocouple 
thermocouple 
V a i s a l a  
V a i s a l a  
V a i s a l a  
V a i s a l a  
V a i s a l a  

thermocouple 
thermocouple 
thermocouple 
thermocouple 
thermocouple 
thermocouple 
thermocouple 
thermocouple 
thermocouple 
thermocouple 
thermocouple 
thermocouple 
thermocouple 
thermocouple 
thermocouple 
thermocouple 
thermocouple 
thermocouple 
thermocouple 
thermocouple 

r e s i s t a n c e  
r e s i s t a n c e  
r e s i s t a n c e  
r e s i s t a n c e  

Review measuring s e n s o r s .  
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Case s t udy  Alexanderpolder  

4.2 The b u i l d i n g  performance ........................ 

4.2.1 B u i l d i n g  f a b r i c  . . . . . . . . . . . . . . .  

A i r  t h i g h t n e s s  n 5 ~  h - l  

D w e l l i n g  1  : g r i d  va lves  open : = 4.05 h-' 

g r i d  va lves  c losed  : n,, = 3 .18  h-' 

D w e l l i n g  2  : g r i d  va lves  open : n,, = 4.62 h-' 

g r i d  va lves  c losed  : n,, = 3 .39 h" 

V e n t i l a t i o n  r a t e  

D w e l l i n g  1  : g r i d  va lves  open : n  = 0.72 h-' 

g r i d  va lves  c losed  : n  = 0.61 h-' 

D w e l l i n g  2  : g r i d  va lves  open : n  = 0.84 h-' 

g r i d  va lves  c losed  : n  = 0 .57 h-' 

H e a t i n g  c o s t  

Table 

Consum~t ion  o f  thermal  u n i t s  (TU) 

Hea t i ng  p e r i o d  Apartment 1  
V i g n o l a s t r a a t  14 

Apartment 2  
V i g n o l a s t r a a t  22 

The va l ue  o f  the f - f a c t o r  [ (To,i - Te) / (Ti - Te) ] of  c o n s t r u c t i o n  

d e t a i l s  1, 3,  4  and 7  i s  g iven  i n  nex t  f i g u r e s .  



Case 

Detail 1 : calculation-results o f  the TB 

I '  1 1 1 1  I I ,  I n 1 

Detail 3 : calculation-results of the TB 
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I 
i__ 

Detai l  7 : c a l c u l a t i o n  r e s u l t s  of t h e  TB C=C.61 
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4 . 2 . 2  Surface conditions 

Table Quantification surface layer phenomena; standard 

indices. 

qeasuring 

p i n t  

(channel) 

lime (z) R H ~ , ~  , I R H ~ ~  1  YOU^^ 

- 

tardard 

e v i a f i o f  

mean 

63.4 

61.2 

53.8 

53.7 

6 1 2  1 y e s  

55.5 

52.1 

56.3 

56.0 

55.9 ' " O  

53.5 

59.8 

57,4 

5 1  ) y e s  

56.1 

52.6 

.- - 

35.0 yes 

-- 

51,O 

71.2 ' "O 



C a s e  s t u d y  A l e x a n d e r p o l d e r  

1 = v a l u e  o f  RH,,i which is  o n l y  exceeded l o % ,  respec-  

t i v e l y  5% of  t h e  t i m e .  

Measur ing  p l a c e  1: Apartment 2 ,  t h e r m a l  b r i d g e  bedroom 1 

( p a r e n t s )  

Measur ing  p l a c e  2 :  Apartment 1, t h e r m a l  b r i d g e  l i v i n g  room 

~ e a s u r i n g  p l a c e  3 :  Apartment 1, t h e r m a l  b r i d g e  2 ,  r e a r  

l i v i n g  room 

~ e a s u r i n g  p l a c e  4 :  Apartment 1, t h e r m a l  b r i d g e  1, r e a r  

l i v i n g  room 

Measur ing  p l a c e  5: Apartment 1, lower  c o r n e r  r e a r  l i v i n g  

room 

Measur ing  p l a c e  6: Apartment 1 ,  S u r f a c e  t e m p e r a t u r e  c e i -  

l i n g  + t h e r m a l  b r i d g e  bathroom 

Measur ing  p l a c e  7 :  Apartment 1, t h e r m a l  b r i d g e  k i t c h e n  

Measur ing  p l a c e  8 :  Apartment 1, t h e r m a l  b r i d g e  bedroom 



Case s tudy  A lexanderpo lde r  

5 Remedial measures 

D u r i n g  t h e  case s tudy  " R o t t e r d a m - A l e x a n d e r p o l d e r v  no remedies were taken  
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6 Conc lus ions  

6 . 1  Cause o f  t h e  problem 
..........---------. 

I n  t h i s  paragraph causes o f  t he  mould damage accord ing  t o  "Cauberg-Huy- 

gen" a r e  p resen ted  and a l so  t h e  conc lus ions  o f  p a r t i c i p a n t s  i n  I n t e g r a t i -  

on Exe rc i se  2 d e a l i n g  w i t h  t h e  mould damage i n  " R o t t e r d a m - A l e x a n d e r p o l -  

d e r " .  

Conclus ions:  Cauberg Huygen 

- The measured r e s u l t s  do no t  g i v e  a  ready  answer t o  t h e  ques t i on  why 

mould has developed. 

- P r e l i m i n a r y  conc lus ions  tend  t o  i n d i c a t e  t h e  h i g h  b u t  s h o r t  excesses 

a r e  l e s s  l i k e l y  t o  cause t he  development o f  mould r a t h e r  than l owe r  

b u t  l o n g e r  pe r i ods  o f  excess. 

Main conc lus ions :  p a r t i c i p a n t  Belgium 

- One t hough t  t h e  cause o f  t h e  problem o r i g i n a t e d  f rom bad c o n d i t i o n s  i n  

t h e  p a s t .  

Main conc lus ions :  p a r t i c i p a n t  UK 

- The t enan t s  have a l t e r e d  t h e  way i n  which t h e y  use t h e  b u i l d i n g  d u r i n g  

t h e  m o n i t o r i n g  pe r i od .  

- M o i s t u r e  i s  somehow pene t ra t i on  f rom t h e  o u t s i d e .  

- The f l a t  i s  plagued w i t h  a  SUPER mould. 



Case s t u d y  A1 exanderpolder 

Main conc l us i ons :  p a r t i c i p a n t  The Nether lands 

- One though t  t h a t  mould growth under t h e  measured c o n d i t i o n s  i s  impos- 

s i b l e  w i t h o u t  p e r i o d i c a l  su r face  condensat ion. Vapour peaks are caused 

by opening t h e  door from t h e  bathroom t o  t h e  r e a r  l i v i n g  room a f t e r  

t a k i n g  a shower. 

- A t h e o r y  concern ing t he  bedroom supposes h i g h  r e l a t i v e  h u m i d i t i e s  

d u r i n g  autumn and sp r i ng  and perhaps du r i ng  a p a r t  o f  t h e  summer. 

6 . 2  Remedies 
. . . . . - - - 

Remedies ment ioned by Cauberg-Huygen: 

- The occupants should be adv ised t o  keep t h e  door between t h e  bathroom 

and r e a r  l i v i n g  room c losed w h i l e  t a k i n g  a shower u n t i l  t h e  mo is tu re  

c o n t e n t s  o f  t h e  bathroom a i r  has been decreased s t r o n g l y .  

- Improv ing  v e n t i l a t i o n :  

The swing windows i n  t h e  k i t c h e n  and bedroom were no t  opened by t h e  

occupants .  One should adv ise t o  rep1 ace a b u r g l a r - p r o o f  v e n t i l a t i o n  

system and t o  g i v e  i n s t r u c t i o n s  i n  e f f e c t i v e  v e n t i l a t i o n .  

- Loca l  i n s u l a t i o n  o f  t he  thermal b r i d g e  i n  t h e  facade w i t h  o u t s i d e  

i n s u l a t i o n  m a t e r i a l .  

- Mould a l r eady  p resen t  i n  t h e  d w e l l i n g  should be t r e a t e d  w i t h  a f u n g i -  

c i d e  agent and removed. Mou ld - r es i s t an t  f a b r i c s  should be used i f  

f i n i s h i n g  m a t e r i a l s  are t o  be r eapp l i ed .  

Remedies: p a r t i c i p a n t  Belgium 

- No remed ia l  measures are necessary, j u s t  remove t h e  moulds en redeco- 

r a t e .  

Remedies: p a r t i c i p a n t  UK 

- Wipe c l ean  t h e  mould w i t h  a f u n g i c i d a l  wash and mon i t o r  t h e  mould 

g row th  and i n t e r n a l  RH i n  a f f e c t e d  rooms. 
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Remedies: p a r t i c i p a n t  The N e t h e r l a n d s  

- I n f o r m  t h e  occupants  n o t  t o  use t h e  d o o r  between t h e  bathroom and t h e  

r e a r  l i v i n g r o o m  w i t h i n  one q u a r t e r  o f  an h o u r  a f t e r  b a t h i n g .  

- I n s t a l l  v e n t i l a t i n g  d e v i c e s  i n  a l l  windows. 

- D e s i r a b l e :  I n s t a l l  mechanical  exhaus t  on t o p  o f  t h e  shun t  channel ,  

w i t h  exhaust  f r o m  t h e  bathroom, t h e  k i t c h e n  and t o i l e t .  

- Recommandabl e: 

. O u t s i d e  i n s u l a t i o n  o f  t h e  e n d - w a l l s  o f  t h e  apartment b l o c k s .  

. I n s u l a t i o n  o f  t h e  c e i l i n g  i n  t h e  basement shed. 

. I n s u l a t i o n  o f  t h e  w a l l s  o f  t h e  s t a i r c a s e .  

. Winthdrawal  o f  t h e  p a s s p o r t  f r o m  t h e  ne ighbour  u p s t a i r s .  

The Hague, 7 t h  o f  December 1989 

I r  G .  Meerd ink  Ir A.M.S. Weersink 



IEA ANNEX XIV "CONDENSATION AND ENERGY'' 

C. SANDERS 

CASE STUDY 6 

"EDINBURGH" 

UNITED K I N G W U  

International Energy Agency 

ENERGY CONSERVATION IN BUILDINGS 

AND COMMUNITY SYSTEMS PROGRAMME 

ANNEX XIV 

Condensation and Energy 



Ten houses and flats ' 

Edinburgh 
Scotland 

CLIMATE 
JAN FEB MAR APR MAY JUN JUL AUG SEP 

Long 3 10' W 
Lat 55 56' N 
Alt 20-60 m 

OCT NOV DEC YEAR -------------------________________________________________------------________________________________________--------------------------------------------- 
Temp :C 3.1 2.9 4.8 6.9 9.5 12.8 13.5 13.6 12.3 9.6 5.1 3.2 8.1 
R H  : %  87 84 80 78 78 78 79 82 84 85 88 87 85 

During the winter of 1987-88, temperatures, humidities and mould spore counts 
were monitored for one week in 94 houses and flats in Edinburgh as part of an 
on-going study into the effects of housing conditions on the incidence of 
respiratory diseases in children. on the basis of the results so far, ten 
dwellings with high internal humidities and mould problems were selected for 
more intensive study for four weeks during January and February 1988. 

Brief details of the houses and families are summarised in table 1. Figures 
1.1 to 1.6 show photographs of the typical house types. 



TABLE 1 SUMMARY OF HOUSE DATA 

HOUSE TYPE : T-TERRACED 
SD=SEMI-DETACHED 
F=LOW RISE FLAT 
HRF-HIGH RISE FLAT 

HEATING TYPE:GCH=GAS CENTRAL HEATING 
GF=GAS FIRE IN LIVING ROOM 
EF=ELECTRIC FIRE IN LIVING ROOM 

............................................................. 
4 HRF 1 2 I 2 I EF I - 



FIG 1.1 House 1 : end terrace 19th century ( ' X '  shows the location of mould 
growth; see section 3 )  

FIG 1.2 House 4 : seventh floor flat 



F I G  1 . 3  House 5 : second floor flat 

F I G  1 . 4  House 6 : end terrace/detached house ( ' X '  shows the location of mould 
growth ; s e e  seciion 3 )  



FIG 1 . 5  House 7 : f i r s t  f l o o r  f l a t  ('X' shows t h e  l o c a t i o n  o f  mould g r o w t h ;  s e  
s e c t i o n  3 )  

F I G  1 . 6  House 9 : g r o u n d  f l o o r  f l a t  



2. LAYOUT AND BUILDING FABRIC 

In the.nature of the study, little detailed data on the building fabric was 
available. Most of the houses were of brick-cavity-brick construction 
rendered on the outside, with few thermal bridging problems, except: 

House 1 had solid masonry walls approximately 30cm thick 

~ o u s e  4 was a steel frame construction with infill panels of rendered 
brick with a plasterboard lining. 

House 7 was a concrete frame construction with brick infill panels as 
above. 

NO insulation had been added to the walls of any of the houses. 



3 .  MOISTURE PROBLEMS 

~ l t h o u g h  a l l  t e n  h o u s e s  had r e p o r t e d  mould p r o b l e m s  i n  t h e  p a s t ,  t h e r e  were  
r e l a t i v e l y  few p r o b l e m s  v i s i b l e  d u r i n g  t h e  m o n i t o r i n g  p e r i o d .  The mos t  
s i g n i f i c a n t  o n e s  w e r e :  

House 1 : e x t e n s i v e  mould g r o w t h  on t h e  g a b l e  w a l l  o f  one  bedroom 
( f i g s  3 . 1  and 3 .2 ;  w i t h i n  l o c a t i o n  ' X '  on f i g  1 . 1 ) .  T h i s  
had b e e n  p r e s e n t  f o r  a  number o f  y e a r s ;  t h e r e  was no 
e v i d e n c e  o f  r a i n  p e n e t r a t i o n .  

House 2 : s l i g h t  mould g r o w t h  a r o u n d  t h e  bedroom window r e v e a l s  

House 3  : p e r s i s t e n t  mould g rowth  1-2 cm above  g round  f l o o r  l e v e l  i n  
two bedrooms.  

House 4 : s l i g h t  mould g r o w t h  i n  t h e  window r e v e a l s .  

House 6 : p e r s i s t e n t  mould g r o w t h  on a n , e x t e r i o r  c o r n e r ;  on t h e  g r o u n d  
f l o o r  i n  an  u n h e a t e d  h a l l  o f f  t h e  k i t c h e n  ( f i g  3 . 3 ) ;  on t h e  
f i r s t  f l o o r  i n  a  bedroom b u i l t  i n  w a l l  c u p b o a r d .  ( w i t h i n  
l o c a t i o n  'X' on f i g  1 . 4 )  

House 7 : mould g r o w t h  on a  e x t e r n a l  c o r n e r  i n  a  bedroom ( f i g  3 . 4 ;  
w i t h i n  l o c a t i o n  'X' on f i g  1 . 5 )  



FIG 3 . 1  House 1 : mould growth on bedroom g a b l e  w a l l .  

FIG 3 . 2  House 1 : mould growth on g a b l e  w i t h  s u r f a c e  temperature  s e n s o r s  



. , 

PIG 3.3 House 6 : mould growth in external cornet with temperature sensors 

FIG 3.4 House 7 : mould growth o n  thermal bridge in bedroom 



FIG 4 . 1  AGEMA Ther rnov i s ion  e q u i p m e n t .  



F I G  4.2 Temperature and Humidity logging equipment. 



4. MEASUREMENTS 

1) In all ten houses, weekly thermohydrographs recorded conditions in the 
living room, kitchen and children's bedroom for the four weeks. The charts 
were digitised with a graphics tablet and microcomputer and hourly values of 
temperature, moisture content and relative humidity stored. 

2) Readings of the electric and gas meters were taken at the end of each week 
in each house (except house 4 where the the meter cupboard was kept locked) 

3) An AGEMA thermovision camera (fig 4.1) was used to carry out a thermovision 
survey of houses 1,3,4,6 and 7, in which the construction suggested that 
thermal bridging was likely to be a cause of condensation and mould problems. 

4) Small portable data loggers which recorded air temperature and relative 
humidity and two surface temperatures with thermistor probes (fig 4.2) were 
installed in houses 1,3,4,6 and 7 in locations determined by the thermovision 
survey as summarised below: 

House 1 : six points on the bedroom gable wall covered in mould shown 
on figs 3.1 and 3.2. 

House 3 : four points on the area of mould growth 1 cm above the 
ground floor skirting board in a bedroom. 

House 4 : a) two points in the kitchen window reveal. 
b) two points in an external corner of the bedroom 1 cm 

above the skirting board in an area recently redecorated 
over mould. (see fig 4.2) 

House 6 : a) two points in the corner of the ground floor hall 1 cm 
above skirting board level (see fig 3.3) 

b) two points in the bedroom cupboard vertically above a) 

House 7 : four points on the thermal bridge in an external bedroom 
corner (see fig 3.4) 



5. THE INSIDE CLIMATE 

The mean temperature, moisture content and relative humidity in each of the 
three rooms over the four weeks are summarised in table 2 and plotted room by 
room on the psychrometric charts figs 5.1, 5.2 and 5.3, which also show the 
mean outside conditions (T=4.3 C, G=4.12 g/kg) 

Mean house temperatures were calculated by weighting the the individual rooms 
by volume and the temperature excess (mean inside - outside) plotted against 
weekly fuel usage (from table 1) on figure 5.4. It can be seen that, in 
general, the houses fall into two groups based on their built form. Houses 3, 
5 and 9 are traditional flats, with low external wall areas; house 7 is the 
modern flat with complex form and large external areas; houses 1, 6 and 8 are 
semidetached or end terraced houses. The exception to this pattern is the 
semi detached house 2, which, owing the unusually warm living room, has an 
anomalously high temperature excess. It is possible that there is an 
unrecorded energy input from paraffin or calor gas; the high moisture content 
in this living room tends to support this. 

There is a wide spread of moisture contents between houses in all the rooms. 
In each room the houses fall into two groups with high or low moisture 
contents, however none of the houses is consistently in either group. There 
appears to be little interaction between the rooms in these houses. The one 
obvious feature is the very high moisture content in the bedroom of house 9, 
in which four children sleep. 

The mean relative humidities exceeded 70% in only the bedroom of house 7, 
though they came close in some of the other rooms. In general, high relative 
humidities were associated with high moisture contents rather than with low 
temperatures. 



TABLE 2 MEAN DATA FROM EACH ROOM FOR FOUR WEEKS MONITORING 

T: TEMPERATURE C 
G: MOISTURE CONTENT g/Kg 

RH: RELATIVE HUMIDITY % 

HOUSE LIVING ROOM I BEDROOM I KITCHEN 

NO T G R H )  T G RH 
I 

G R H I T  
I 
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6. SURFACE CONDITIONS 

Figures 6.1 and 6.2 show the two most significant thermovisibn pictures 
recorded during the survey. 6.1 shows the gable wall covered in mould in 
house 1 (see fig 3.1). 6.2 shows the ceiling adjacent to the external wall in 
house 4; the picture in this location was repeated throughout the flat; 
evidently the ceiling slab was acting as a thermal bridge. Mould growth was 
said to be common in these locations, but had been cleaned off during the 
monitoring period. 

Two parameters were calculated from the air and surface conditions record in 
the locations specified in section 4 / 4 .  

a) The temperature ratio = surface - outside 
----------------- 

air - outside 

b) The surface relative humidity = 

100 * vapour pressure in the air 
.................................................... 
saturated vapour pressure at the surface temperature 

In both of these cases one must decide what are the most appropriate air 
conditions to use. Should conditions typical of the room air as a whole be 
used or should one use air conditions local to the surface? This choice 
involves making assumptions about the relative mixing of heat and water vapour 
within the room and having to assess the effect of unventilated corners etc. 
as thermal bridges in themselves. 

In the present study conditions typical of the air in the room as a whole have 
been used. 

Table 3 summarises the mean surface temperatures, temperature ratios, surface 
relative humidities and the hours per day that the SRH exceeded 85%. 

Rather surprisingly, house 1 with extensive mould growth shows the lowest 
values of SRH with values exceeding 85% for only short periods in one 
location. Investigations into the wall have shown no evidence of rain 
penetration or other forms of moisture ingress. Further investigations are 
needed to establish the cause of the mould in this case. 

The four measuring points in the bedroom of house 3 all have similar 
temperatures and consequently similar values of SRH, which exceeds 85% for at 
least 15 hours per day. 

In the kitchen of house 4 the temperature ratios in the window reveal are 
exceptionally loo, down to 0.289 near the frame. This reflects the combined 
effect of the thermal bridge at the reveal and the chilling effect of the 
window on the adjacent air. 

A similar effect is noticeable in the hall way of house 6 where the very low 
temperature ratio and consequently high SRH (110% on average) is due to a 



F I G  6 . 1  House 1 : Bedroom g a b l e  w a l l  



FIG 6.2 House 4: Thermal bridge at ceiling/external wall junction 



TABLE 3 MEAN SURFACE CONDITIONS OVER FOUR WEEKS MONITORING 

HOUSE 1 
BEDROOM 

HOUSE 3 
BEDROOM 

HOUSE 4 
KITCHEN 

BEDROOM 

HOUSE 6 
HALL 

BEDROOM 

HOUSE 7 
BEDROOM 

POINT 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 
3 
4 

TEMP 
C 

11.1 
11.5 
11.0 
9.8 

10.2 
10.3 

8.6 
8.7 
9.1 
8.6 

8.2 
10.5 

8.2 
8.2 

7.5 
8.2 

6.8 
6.9 

6.2 
6.8 
6.3 
7.1 

TEMP 
RATIO 

,872 
.929 
,855 
.699 
,750 
,762 

,786 
.793 
.850 
.779 

.289 
,462 

,465 
,468 

.296 
,313 

,254 
,262 

.682 
,864 
,703 
,911 



thermal bridge at floor level combined with local low air temperatures. 

7 .  CONCLUSIONS 

The ten houses studied in this initial report seem to be typical of those 
towards the more humid end of the spectrum of housing in Edinburgh. 
Relatively little mould growth was found; this was also true in the larger 
group of ninety four houses studied over the winter and may be a consequence 
of the mild winter weather this year. 

As yet few details of the construction have been taken into account, however 
even the simplest measure of built form can be used to relate internal 
temperatures to energy use. 

With the exception of one house which needs further investigation all the 
areas of observed mould growth were associated with low temperature ratios and 
values of surface relative humidity which exceeded 85% for long periods. 




