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SYNOPSIS 

The authors present a survey on the  actual re t ro f i t -p lanning 
methods in connection wi th  t he  a i r  change-situation in houses, 
how they  are used by Swiss energy-consultants. A i r  exchange 
happens in Swiss and most other Central European houses by 
a superposit ion o f  inf i l t rat ion,  some single exhaust fans and 
window openings. 
lnsp i te  o f  ref ined analysis and planning methods, developed and 
published by research inst i tutes, the  actual p lanning situation 
by exper ts  is  poor, caused pa r t l y  by cost effectivness-reasons 
and by a too small knowledge-transfer. 
Main emphasis is  given to  a presentation o f  a new graf ic  method, 
which del ivers values o f  mean a i r  change rates, but also checks 
minimum and maximum values. Based on  detailed calculation, t h i s  
method demandes only few construction input data and preferab ly  
pressurisation values and window opening data. 

1. INTRODUCTION, SCOPE 

Af te r  discussions w i th  a number o f  energy consultants, and also 
fol lowing on own experiences in th i s  f ie ld  we f e l t  t he  existence 
of  an uncertain i ty in connection wi th  questions o f  a i r  exchange 
in bui ld ings.  An  example may explain t h i s  situation: an energy 
consultant may have some doubts about the  thermal conduct iv i ty 
o f  some wall layers. B u t  nervertheless he wil l  be  able t o  cal- 
culate t h e  k-value o f  t he  wall wi th in a precision o f  about f 10 I . 
20 %. Estimation on in f i l t ra t ion rates may - wi thout additional 
measurement - well be wi th in  2 50 + 100 3d, o f  t he  t r u e  value. 
There exists a worldwide act iv i ty  on  audi t  techniques f o r  infil- 
trat ion, on calculation methods about a i r  exchange. B u t  there is  
a poor knowledge t ransfer  t o  t he  pract ic ing consultants. As 
background f o r  a bet ter  understanding a few h igh l ights  on typical  
Swiss (Central European) conditions in the  inst i tut ional and resi- 
dential sector are to  be mentioned: 
- large var ie ty  o f  constructions (especially in t ightness) 
- large stock o f  bui ld ings t o  be retrof i t ted,  small quan t i t y  o f  

new un i ts  per  year, 
- climate and a i r  pol lut ion situation no t  demanding a mechanical 

venti lat ion in most cases, 
- old habi t  o f  "window openingtt. 
Many publications in foreign journals, as the  AlCHandbook l ,  as 
Gertis and others demonstrate t he  advantages o f  a control led 
ventilation, preferably w i th  heat recovery. Other  authors as 
Blaich and Sell 3, Halt iner 4 ,  Wegner warn against t h e  danger 
o f  an uncontrolled a i r  exchange situation, which may cause 
humidi ty problems, odour - o r  poisoning problems. A l l  these 
papers may well demonstrate the  general si tuation o r  some spe- 
cial aspects. What the energy consultants real ly need i s  a cost 
effect ive audit ing and planning method, tak ing  in to  account these 
warnings, and which is applicable f o r  the  exist ing building stock. 
We th ink ,  tha t  cr i t ical  papers o f  Harryson and of  Kruger/Haus- 
laden show necessary steps t o  ge t  these tools. 



It is  t h e  scope o f  t h i s  paper, t o  display and cr i t iz ise ex is t ing 
planning tools f o r  t he  determination o f  t he  a i r  exchange in 
houses, t o  explain new grafical tools, which are in a d r a f t  state 
and t o  show the  necessity o f  reasonable building codes. 

2. ACTUAL PLANNING TOOLS; USED BY SWISS CONSULTANTS 

2.1 Problems o f  understanding 

There a re  d i f fe ren t  reasons, e.g. an insuf f ic ient  education in 
bui ld ing physics, which cause di f f icul t ies in understanding in- 
f i l t ra t ion phenomena. On the  other hand these phenomena are 
more complex as others. Some o f  these problems are demonstrated: 
- A i r  exchange in our  houses occures not  on ly  due t o  a single 

action, as 
- natura l  in f i l t ra t ion (open and closed windows) 
- venti lat ion th rough  shafts 
- mechanical ventilation, 

but due  t o  the i r  superposition. It i s  a pitty tha t  many authors 
of papers do no t  po in t  ou t  t he  system, which they  are des- 
cr ib ing.  

- Similar complaints concern also publications and handbooks, 
which do  not  p roper ly  d ist inguish between 
- in f i l t ra t ion rates, val id f o r  design conditions o f  t he  heating 

system, 
- mean in f i l t ra t ion wi th closed window conditions th rough  a 

certa in period, 
- mean in f i l t ra t ion in an occupied house th rough  a certa in 

period, 
- extreme inf i l t rat ion,  caused by special climate o r  user-con- 

di t ions.  
According the  problem a specific date set i s  necessary. 

A third mistake has t o  be  mentioned: 
In f i l t ra t ion discussions o r  - calculations are too often based on ly  
on window and door gaps. We think, t ha t  a f ter  t he  T N  1 o f  AIC 
o r  a f te r  similar Swiss tes t  resul ts it should be recognized, how 
important it i s  t o  judge on facade-leakage rates. Corresponding 
data a re  missing f o r  most Swiss building types and also depen- 
ding on  aging o r  drying conditions. Some studies are made, 
which a re  l isted below: 
- l n f i l t ra t ion  an leakage measurements o f  selected Swiss mult i -  

family bui ld ings including d i f fe ren t  construction types by 
Haerter and Steinemann, together wi th  EMPA 9; 

- A research project  on t he  control o f  venti lat ion in Swiss timber 
construction bui ld ings by Sell and Michel (EMPA, section Holz, 
Dij bendorf)  

- A repo r t  on t h e  leakage of  typ ica l  Swiss rol ler-bl ind-construc- 
t ions and the  corresponding handler ( repor t  EMPA Nr .  45160, 
1982), (see fig. 1) 

- A complementary work  t o  the  f i r s t  project  f o r  additional types 
o f  bui ld ings ( through EMPA, H. Muhlebach/P. Hartmann and 
subcontractors). 



Actual planning tools "air-change in residential bui ldings" (mean a i r  changes) 

b 

Method Possible 
er rors  

Practicabil ity to  
judge re t ro f i t  
er rors  

Advantage 

no 

yes, in principle; 
problem of  user 
reaction t o  
changes 

yes, in principle, b u t  
dangerous t o  believe 
in these "calculated 
values"; user effects? 

yes, generally 

A "Estimation b y  obser- 
vation" (of components) 

B Calculation o f  ventilation 
(losses) wi th in energy 
balance 

C Calculation o f  venti lat ion 
as sum o f  d i f ferent  
effects (e-g.  window 
doors . . . . ) 

D Direct  graf ical determi- 
nation o f  t he  a i r  change, 
including a standard 

j user influence 
I 

Disadvantage 

quick, cheap, 
no tests 

energy budget 
f i t s  w i th  th is  
a i r  changevalue 

well applicable t o  

b i g  errors,  especially f o r  consultants 
without any experience in testing 
o f  leakage 

I 

er rors  in a range of factor 2 
well possible because of  uncertainities 
in other parameters; er rors  smaller 
through combination wi th A 

1 similar er rors  as 
bui ldings wi th mainly [ method A, b u t  
mechanical ventilation : h igher e f fo r t  t o  / calculate 

! 

e r rors  in range of 
factor 3 f o r  t ighter  
houses, factor 2 
f o r  leakly ones 

quick; experience of  
I 

resul t  should be 1 factor 1 .S ( i 2 )  
many research projects cross-checked, t o  

th is  tables 
I can be included in 1 reach much higher 

accuracy as A i C  



Fig. I "Calculation values" for  a i r  leakage o f  ro l ler  b l inds and 
handles 

a) Leakage o f  the  cage 

Type  of  cage 

inside 

o f  wall 

vert ical 

service 

cover 

integra- 

grated in 

wall/ 

ceiling; 

horizontal 

service- 

cover 

b) Leakage o f  handle 

s t rap 

handle' 

I 

seal ing/t ightness 

good sealing 

no special sealing 

good sealing 

no special sealing 

leakage 

a [rn3/h em pad'] 

design / workmenship Leakage 

[m3/h *pa*] 

- ra ther  t i g h t  I 0.08 
- ra ther  leaky 

- tight plastic - enclosure 
f o r  penetrat ing axle 

- metallic enclosure ar round 
axle 



2. TARGETS FOR RETROFITING OF BUILDINGS 

In most cases re t ro f i t  actions a t  our  bui ld ings are combinating 
energy conservation measures wi th  maintenance. Bui ld ing codes 
o r  energy consultants set energy targets, bu i ld ing owners set 
financial targets o r  limits. Energy consultants, a t  least f o r  resi- 
dential bui ldings, ra re ly  set air-change targets. Target  values, 
as those of t he  Swedish Standard (cited in lo, pp 283) o r  in 
the  new ASHRAE-Standard l1 slowly ge t  introduced. 
Th is  unsi f f ic ient  si tuation i s  no t  based on the  lazyness o f  these 
consultants, but on t h e  economical constraint.  Bu i ld ing owners 
are n o t  wi l l ing t o  pay more than about 500 - 1000 Swiss f rancs 
f o r  a re t ro f i t  plan of a single family house o r  maybe a few 
thousand francs for a multifamily house. Therefore energy con- 
sul tants are rest r ic ted t o  observations and empirical rules, which 
they  cannot check. Only  few experts are us ing any measurement 
equipment. 

2.3 Measurement tools, actual ly used by consultants 

(The following comments use t he  same s t ruc tu re  as t he  corres- 
ponding table A 11 .I in l) 

There is no standard test  procedure f o r  checking exist ing 
bui ldings, which would be used nationwide. Only  about hal f  a 
dozen o f  Swiss experts posses more ref ined measurement tools. 

A i r  change date would in terest  (condensation, energy, hygienic ' 

problems), especially long term tests. It may be, t h a t  cheaper 
systems with lower precision, which are under f i r s t  tests, wi l l  
promote these tests later. - Few consultants use pressurisation- 
equipments; b u t  there is  a big lack o f  target-values f o r  t h i s  
interest ing reproducable procedure. - Some others use in f rared 
cameras f o r  a qual i tat ive demonstration o f  ecessive inf i l t rat ion.  
lnsp i te  o f  these attempts most consultants use on ly  t he  "obser- 
vation method", paper-sheet-tests f o r  windows o r  the  smoke- 
pounci l  -method f o r  qual i tat ive descriptions. 
Exellent equipment and methods as presented e.g. by ~ u n d i n l ~ ,  
Shaw l3  cannot be afforded. 

2.4 Planning tools used by consultatns 

A fol lowing table shows and judges exist ing planning tools. A l l  
4 methods are qu ick  and do not  demand extensive measurements 
and observation. As consequence they  may include e r ro r s  in the  
range o f  a factor 2 t o  3, as long as there is not  a certain 
cross-check possibi l i ty. 
I t  seems necessary to  include some measurements f o r  a more 
valide descript ion o f  an actual exchange situation in a building 
and especially f o r  any planning o f  r e t ro f i t  - measures. 



Fig. 2 Direct  estimation method for  mean a i r  change rates, including 

"Standard users" 

Mean a i r  change* [ h - I ]  (dur ing heating season including 
3 

standard user influence) 

* Necessary multiplication factors for  above values: 

- rooms with shafts o r  open chimneys 

1 . I  - 1.4 

( leaky rooms) ( t ight  rooms) 

- open high rooms with a ra ther  leaky roof : 1 . 3  



One example may explain t h i s  situation: 
a r u l e  o f  thumb says, t ha t  t he  factor 
n / n = air-change, occupied / a i r  change, closed windows 
isBabou? 2 t 4. For a large residential block in a windy situation 
we checked th is  ru le  and go t  a factor o f  about 1.2 - 1.3. Th is  
happend, because o f  a v e r y  rest ic i tve heating set-point and t he  
fact, t h a t  it seems dangerous t o  leave windows open during any  
absence because o f  wind and rain-damages. 

OTHER, NEW TOOLS 

3.1 New methods and the i r  pract icabi l i ty  

Energy consultants need, as mentionned before, be t te r  tools, 
which 

1) s t a r t  wi th a reasonable detection o f  t h e  a i r  exchange conditions 
o f  a building, 

2 )  set reasonable venti lat ion targets (mean, minimum, maximum 
values), 

3) show d i f ferent  concepts t o  reach such targets, 

4) and  f inal ly  present tools to control t h e  resul ts o f  such 
r e t r o f i t  actions. 

These tools have t o  fulfill d i f ferent  conditions t o  be  applicable f o r  
Swiss conditions: 
Measurement methods have t o  be as simple and qu ick  as possible, 
w i th  well reproductible results; 
B y  t h e  fact, there is  an interest  t o  conserve energy in connection 
wi th  venti lat ion wi thout instal l ing mechanical venti lat ion in al l  
houses, such recomondations/laws would be more complicated 
as e.g. Swedish standards. 
Pressurisation tests seem t o  be much more practical than  t racer-  
gas tests  f o r  audi t  purposes. Target  values considering wind 
class, exposure, use, building height  and other parameters are 
missing up t o  now. Cheaper a i r  change measurements sets may 
in terest  nevertheless. 
Calculation methods f o r  a i r  change rates are available f o r  consul- 
tants. Nevertheless we thin k, tha t  graf ical methods benef i t  o f  
i t ' s  visualisation capacity; calculation models are exellent tools 
f o r  research purposes. 
Two concepts t o  control ventilation-rates in residential and 
inst i tut ional  bui ld ings made progress: 

- T h e  possibil it ies t o  control l  ventilation by the  occupants wil l  
be more efficient, if sensors indicate t he  necessity o f  additional 
a i r  change (humidi ty -sensors, GO2-sensors). - A recent re-  
p o r t  b y  Voss l6 gives a good background on the  user  beha- 
v iour ;  Steinert  and Draeger l7 investigated the  l imits o f  
humid i ty  to  prevent  surface-condensation in corners, depen- 
ding on the wall construction. 



- If there  should be h igher  safety in connection w i th  the  p re -  
vent ion o f  condensation and hygienic problems some t y p e  of  
addit ional mechanical venti lat ion i s  necessary also in cases 
o f  re t ro f i t t i ng .  

3.3 Grafical method t o  judge the  air-exchange in residential bui l id ings 

The fol lowing tables are based on a calculation model, developped 
b y  Haerter, Steinemann I*). Necessary i npu t  data f o r  w ind con- 
dit ions have been developped b y  T. Baumgartner in connection 
wi th t h e  Swiss design standard for  heating plants. User factors, 
which are introduced in to  t h e  calculation o f  the  mean "occupied'~ 
air-changes, have the i r  or ig ine in Voss' repor t  and many ob- 
servations o f  EMPA researchers 15. 

The  scope o f  th is  table, which is y e t  in d r a f t  form f o r  one wind 
zone in fig.3, lies in the  determination o f  the  mean a i r  change- 
rate. Depending on t he  rel iabi l i ty  o f  t he  inpu t  data (building- - 
shell leakage, user  behaviour, exposure of  a building wi th in  a 
wind zone) t he  resu l t  wi l l  have i t s  accuracy. 
Besides a mean a i r  change, which is  needed f o r  t h e  calculation 
o f  t h e  mean winter energy losses, t he  table allows t o  check 
minimum - wind conditions (condensation, maybe a i r  contamination 
problems e. g . by formaldehyd) and maximum wind conditions 
(comfort problems). 
As "extreme" conditions we have chosen the  wind speeds, which 
i s  no more reached during 10 % o f  time, respectively which i s  
exeeded during 10 % o f  time. 



Fig. 3 



Comments t o  f i gu re  3 and 3a 

- Symbols: n50 [h-'1 = air-change [h-'1 f o r  a pressure di f ference 
o f  50 Pa 

a~ 
= leakage o f  windows pe r  meter o f  gap 

calculated f o r  1 Pa [m3 /h *m*~a%]  

a~~ 
= leakage o f  rol ler-bl ind-cage pe r  meter o f  

cage w id th  [m3/h - m * ~ a b ~ ]  
w = specific gap length  f o r  a window 

[m/m20f area] 
= 2 A,-; f requent  value: 4 m/m2 

2 = gap- length f o r  a window [m] 

AF = window area [m2] 

- Definit ions g round  plan 2: uni t /dwel l ing w i th  windows in 
- -  i n )  2 facades 
g round  plan 3/4: 
(- line) uni t /dwel l ing w i th  windows in 3 o r  

4 facades 
90 $ l ine : f o r  a certa in wind zone t h i s  w ind  

speed i s  no t  reached during 10 % o f  
time; proposed value t o  check 
"minimum wind situationi' w i th  
closed windows. 

10 $ l ine : f o r  a certa in wind zone t h i s  w ind 
speed i s  exeeded during 10 % 
o f  time; proposed value t o  check 
comfort condit ions (draf ts) .  

User opening behaviour l ines: these l ines 
follow observations and recent experiments; 

Limitations - Ext raord inary  exposures of bu i ld ings should b e  
taken in to  account by some extrapolat ion in 
the  2nd quadrant  o r  by a change o f  w ind class. 

- A l l  tables a re  designed f o r  bu i ld ings w i th  
pr imar ly  natura l  a i r  in f i l t ra t ion.  For bu i ld ings 
w i th  pr imar ly  mechanical systems these tables are 
no t  applicable. 
In cases w i th  a small additional vent i lator  (e.g. 
in an internal  toilet), t h i s  f an  del ivers a mini- 
mum a i r  change in "closed conditions". 

- Open chimneys and shafts may increase t he  a i r  
exchange remarkably. It i s  d i f f i cu l t  t o  estimate 
t h i s  effects o n  ex is t ing Swiss experiments; 
corresponding experiments are  made now. 
Extrem d r a f t  effects are no t  taken in to  account. 



Fig.3a Estimation for  bui ld ings wi th  pr imar ly  window in f i l t ra t ion 
(var iat ion o f  fig. 3) 

6 

mym leaky 
I I I I >  [ Leakage of window [and mllerbliMs1 1 

Figure 3a i s  adjusted t o  t he  situation, where in f i l t ra t ion pr imar ly  
happens th rough  windows, doors and maybe ro l le r  blind cages. 
The uppe r  le f t  corner  of t he  f i gu re  4 i s  replaced t h rough  a 
diagram, whereby window and rol ler-b l ind lekage data, t he  ra t io  
o f  window area and f loor area lead t o  an overal l  leakage. 
Finally we explain the  procedure o f  t h i s  estimation o f  a i r  change 
f o r  two examples in f i gu re  4 : 

Example 1 ( x )  w i thout  measured input data : 

A consultant would l ike  t o  estimate an actual a i r  exchange rate, 
based o n  a shor t  observation o f  a single-family-house (timber 
construction, no special complains about draf ts) .  His estimation 
o f  leakage leads t o  the  l ine of mean wind speed in the  2nd 
quadrant  (middle land, normal exposure o f  the  bui ld ing).  

The  10 m - l ine in the  3 r d  quadrant  del ivers a mean a i r  change 
rate f o r  closed conditions of 0.21 h-l. The  absence o f  indications 
on the  user  behaviour g ives a vague indication o f  a real a i r  
change between 0.4 and 0.62 h-l w i th  a good probabi l i ty  f o r  
about 0.45 - 0.5 h-l. A check o f  t he  "extreme lines" shows, 
tha t  f o r  low wind conditions and absence o f  the  inhabitants 
there maybe an a i r  change o f  only about 0.05 h-l, in s t rong 
situations o f  > 0.5 h-I (wi th  preferably closed windows). 



Fig. 4 2 Examples o f  air-change estimation 

buildiia 

lbh8 1 

Example 2 ( 0 )  

In a second case t h i s  exper t  gets the  possib i l i ty  t o  measure 
the  real  building-leakage and the  user-behaviour. In t roduc ing 
these two  values - = 1'4 h-I 

- ra re  window openings 
he i s  able t o  estimate the  in f i l t ra t ion rates much closer. 



CONCLUSIONS 

As a consequence of  the  insuf f ic ient  level o f  knowledge and an 
insuf f ic ient  use of  p lanning tools to reach air-change targets 
in re t ro f i ted bui ld ings d i f ferent  actions are necessary: 

- T h e  establishment o f  audit-/measurement standards f o r  a i r  
exchange (planned b y  Schindler-Haerter and EMPA as d r a f t  
proposals) 

- Addit ional research projects as experimental studies on the 
behaviour o f  advanced venti lat ion concepts f o r  d i f ferent  bu i ld ing 
types, e.g. - f o r  residential bui ld ings 

- user  controlled venti lat ion (wi th  indicators) 
- user controlled venti lat ion wi th  "add-ont1 mechanical systems 
- mechanical systems w i th  heat recovery 

- f o r  school bui ld ings 
- user (teacher) control led systems 
- mechanical systems wi th  heat recovery 

- f o r  off ice bui ld ings 
- simple mechanical systems 

(research project ongoing by Sulzer, Winterthur) 
- An  establishment of ta rge t  values f o r  a i r  exchange, which 

should be transformed t o  easy controllable values, e.g . leakage 
rates a t  50 Pa o r  preferab ly  lower pressures. 

Fig. 5 gives details, how exist ing knowledge, combined w i th  
additional resul ts from ongoing research could lead t o  ta rge t  
values and additional proposals f o r  the  application o f  certa in 
venti lat ion control methods. 

Figure 3 shows these possibil it ies graphical ly: 
e.g. if there is  a target  value o f  0.25 a i r  changes in a small 
residential building (closed windows), th is  would be guaranteed 
by a building shell w i th  a nS0-value of  5 h-I. In th i s  house 
there wil l  happen minimum a i r  changes of  0.05 h-I and maximum 
values in the  range o f  1 h-l. Depending on comfort demands, 
th is  situation may be unsatisfying. 

I t  may be interest ing t o  see, how important it is, t o  control 
certa in target  values in the  bui ldings. Etheridge l7 shows the  
inf luence of  workmenship in the  leakage of  nominally identical 
houses; some own tests on windows show ye t  a wider spread 
o f  t h e i r  leakage. 
Coming target  values should therefore be given w i th  upper  
and lower l imits of deviation; corresponding rules should f i x  
the  method and period of control ( important e.g. f o r  t imber 
constructions). 
These explanations show, tha t  energy conservation e f for ts  
in connection wi th a i r  change are not  ye t  systematic. Many 
experiments demonstrate tha t  not  only constructional changes, 
b u t  also other means as indiv idual  heat metering o r  a tight 
heating regime wil l  promote these effects. 



Figure 5 : Concept of building regulations 
to achieve controlled ventilation 

on behalf of 

-conde%stit ion 

various 
influence b 
factors to Leakage 
take into 

b Targets 

account 

i 
? + 

Certain prescriptions 
for 

- construction 
- system /method 
- use/performance 



Figure 6 Dispersion of leakage for identical constructions 

a) Leakage of nominally identical dwellings, 6 of 
them unoccupied (cited from Etheridge 18) 

Occupied dwellings unoccupied dwellings 

"50 = 289 m3/h "50 = 240 m3/h 

b = 43.6 m3/h 15 % 6: = 31.5 m3/h 13 % 

b) Leakage of windows with identical construction, bu t  different 
size (see 8) 
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Attachment 1 

OBSERVERFORM "WINDOW OPEN I NGS" in Residential Buildings 

RULES / ADVICES 

- Control - Time (day/week) t o  chose , . . . . . . 
- "Weighting factors" f o r  windows 

closed 0 point  
small opening 10 points 
ra ther  open 20 points 
wide open 50 points 

- To chose 100 windows; t o  seperate ou t  f i r s t  al l  closed windows 
to  t r ea t  than all openings. 

2 GENERAL DATA 

- Location o f  building: 
- Observed wall(s): 
- Floors o f  observed windows: 
- Heating system, t ype  . . . 
- Control o f  set point  o f  heating by:. . . . . 
- Thermostatic valves f o r  radiators yes/no ? 

3 ACTUAL OBSERVATIONS 

3. I Time / day  o f  week: 

3.2 Weather : 

- W i n d  : leafs qu ie t  // l i t t le  moving // branches moved // 
strong wind // storm 

- A i r  temperature outside: . . . . . . . OC 

- Sun (before / now): 

- Indications on  room temperatures inside 
living room . . . OC / sleeping room . . . OC 

3.3 Frequently open windows (certain rooms ?): . . . . . . 
Nr.  of  probably "f ixed" open windows (longterm openings) .. . .. 

3.4 Window openings: no. o f  upointsl'out o f  100 windows -- --------- 


