
VENTILATION AND COOLING 

18TH ANNUAL AIVC CONFERENCE 
ATHENS, GREECE, 23-26 SEPTEMBER, 1997 

IEA ANNEX 27: Evaluation and Demonstra estic Ventilation 
Systems. A simplified tool for the assessme 

Peter Op 't Veld', Martien Liebregts2, Jelle Persoon2 

'Cauberg-Huygen Consulting Eng., PO box 480,6200 AL Maastricht, the Netherlands 
'Bouwhulp Group, PO box 2133,5600 CC Eindhoven, the Netherlands 



Costs are one of the main decision factors for the selection of domestic ventilation systems. 
This often leads to a ventilation system that just meets the requirements of building 
regulations at the lowest initial costs. Decision makers are often not aware of the impact of the 
quality of the ventilation system on life cycle costs, not only for the ventilation system itself 
but also for the building, as a result of complaints or even damage due to a poor functioning 
ventilation system. In Annex 27 a simplified tool is developed to compare costs of ventilation 
systems, not only regarding the initial costs of the system, but also costs of maintenance and 
costs of complaints and failures related to ventilation and ventilation systems. Little is known 
about these costs, specially costs of maintenance and complaints. To collect some data a 
survey was carried out amongst 19 housing corporations, owning about 100,000 homes, and 
representatives of the Dutch ventilation industry (VLA). 
The first step was to put up a framework for the tool. With data and information of the Dutch 
ventilation industry and four housing corporations, owning buildings and homes with 
different types of ventilation systems (ME and MVHR), types of maintenance activities as 
well as maintenance cycles were defined. The second step was to estimate a relation between 
the user frequency, basic quality and the expected maintenance level, depending on the type of 
ventilation system. As a prerequisite it was assumed that a certain maintenance is necessary to 
maintain the performances (IAQ) of the ventilation system. The third step was to collect data 
on costs for maintenance and complaints amongst the other 15 housing corporations. It 
appeared from this part of the research that very few corporations were aware of the necessity 
of planned maintenance and the costs for maintenance as well as the costs for complaints 
related to the quality of the ventilation system. Despite this it was possible to "fill" the tool 
with data on costs by comparing these data with more common data on total maintenance. 
The simplified tool can be used for estimating the expected maintenance and maintenance 
activity cycles as well as the total life cycle costs for the system, the maintenance of the 
system, the expected complaints and the ventilation related maintenance of the building. 
The last step that is to make is linking this tool with the reliability tool of Annex 27. Svein 
Ruuds (1) and Johnny Kronvalls (2) work on reliability and system safety analyses is used as 
a basis for this. 

INTRODUCTION 

The objective of a tool for life cycle costs is to compare the total costs of ventilation systems 
and to make selections based on a cost comparison. The costs have to include: 

initial costs (investments) 
costs for maintenance of the system 
costs of maintenance of the building as a result of the ventilation system and its use. 
costs for energy. 

One of the ideas was that investing more in the quality of the installation and selecting the 
right kind of ventilation system in relation to building properties and user characteristics could 
finally lead to lower maintenance costs, specially for complaint maintenance. This paper 
mainly focuses on the costs for maintenance of the ventilation system and ventilation related 
complaints in the building. Costs for energy is an output of the energy tool of Annex 27. The 
tool is mainly developed to be used by housing corporations and associations. 
The development of the first idea for this tool was coached by chiefs of the technical 
department of four housing corporations in the Netherlands and representatives of the Dutch 



ventilation industry (VLA). The first version of this tool was tested and applied by these 
housing corporations. 
In order to get more data and to veri@ the first results a larger survey on maintenance costs 
was carried out amongst 15 other housing corporations. These corporations have stipulated the 
maintenance activities and the maintenance cycles for the ventilation system and the building 
itself. The first remark is that in practice there appears not to be any consensus about the 
required maintenance activities. Most of the corporations have their own way of planning 
maintenance and assessing the necessity of maintenance. There is a lack of knowledge about 
maintenance and its impact. Only 40 to 50 % of the required maintenance activities, as 
described by the Dutch ventilation industry is really carried out. 
More over, only 50 % of the corporations could turn over detailed data about maintenance and 
complaint maintenance (= maintenance that is carried out if complaints occur and are reported 
to the corporation), concerning ventilation and ventilation systems. For the total maintenance 
activities and complaint maintenance much more data are available. 
However, it was possible to draw some conclusions from this survey. One of the facts is that 
maintenance of ventilation systems and its costs show a relation with the total costs of 
maintenance. 

DEFINITIONS IN RELATION TO MAINTENANCE 

The following aspects in relation with maintenance are considered and definitions are used: 

a. Type of maintenance in relation with the organisation. 
The type of maintenance is determined by the way the maintenance is organised and managed. 
There is a difference in systematic maintenance (according to plan) and non-systematic 
maintenance. Systematic maintenance is based on the desired quality and need for 
maintenance of the building. Non-systematic maintenance is steered by signals like 
complaints and mutations. 

b. Maintenance activity in relation to a technical property of a building or construction part. 
Maintenance activities are the activities that are necessary during the life span of a building to 
maintain a certain level of quality. Each activity has its own cycle: maintaining, partial 
repairing, replacing. 

c. User frequency 
Building and construction parts are loaded by the environment and by daily use. This is an 
important factor to determine the need for maintenance. The design of the ventilation system 
in relation to the building must provide an optimal "load bearing" by a good selection of 
materials , construction and capacity. The users frequency is the load, in relation to the extent 
of use. This includes operating the ventilation provisions and cleaning. 

d. Basic quality 
There is a distinction between the basic quality of mechanical ventilation or balanced 
ventilation in quality of the building and quality of the ventilation system. 
The basic quality of the building includes air tightness of the building envelope, location and 
type of supply devices in facade, ventilation windows etc. For the ventilation system the type 
of ventilation unit, fans, supply and exhaust air grilles and lay out and design of ducts. 



e. Maintenance classz>cation 
The level of maintenance indicates the necessary intensity of the maintenance activity, as a 
result of the load by use and the design and construction. The sensitivity of a building or 
construction part can vary. The maintenance is classified in three categories: 

low level 
medium level (this should be according to common and accepted standards) 
high level 

To determine the users frequency some indicators are used. These indicators give information 
about the way a user (occupant) operates and maintains ventilation provisions. 

Table 1: User frequency 

' This means: low, medium or high negative impact on the ventilation system 

The maintenance activities must guarantee the original quality during the life span of the 
building. (Note: this definition will now be changed in "must guarantee a certain level of 
reliability7').The parameters are: 

Cycle 
Costs (this means the quantity of the expected activities) 
Life cycle of construction parts ( the moment of replacement) 
The chance of complaints/failures between planned maintenance activities. This is non- 
systematic maintenance. 

user frequency + 
maintenance activities .......................... v 

Table 2: Maintenance activities 

low' 

regularly 
(monthly) 
meet 
requirements 
grilles always 
open 
cleaning 
regularly 

cleaning 

control and use 

ventilation 

cleaning grilles 

use 

medium1 

cleaning 4 
times a year 
meet 
requirements 
alternating 
grilles open 
cleaning not 
regularly 

installation 

building 

high1 

not 

deranged 

never 

never 

mean 

standard costs1 
standard cycle 
standard costs/ 
standard cycle 
reference costs 
reference life 
cycle 
reference costs 
reference life 
cycle 
chance 1 to 30 

low 

standard costs/ 
standard cycle 
standard costs/ 
standard cycle 
lower costs 
longer life 
cycle 
lower costs 
longer life 
cycle 
no extra 
maintenance 

user frequency + 
maintenance activities --------------------------------- v 

high 

standard costs1 
standard cycle 
standard costs/ 
standard cycle 
bigher costs 
shorter life 
cycle 
reference costs 
shorter life 
cycle 
chance 1 to 20 

maintenance 

complaints 
(design and construction meet requirements) 

installation 

building 

taking 
care of 

measurements 

inspection 

cleaning 
replace parts 

cleaning grilles 
repairing grilles 



RESULTS OF THE SURVEY 

The average complaint per dwelling per year, related to ventilation, is 0.05. The average costs 
for a single family dwelling are 50% higher than the costs for a multi-family dwelling. 
However, the average costs for repairing a complaint appeared to be much higher for multi- 
family dwellings with a central system. In this research the average costs for the total 
complaint/failue maintenance (i.e. all occurring complaints) are NLG 170 for single family 
dwellings and NLG 155 for multifamily dwellings. These costs seem to be rather low 
compared to known data for average costs of complaints from practice. These costs vary 
between NLG 150 and 400 per dwelling per year. The costs depend on the organisation, 
policy (relation planned and incidental or complaint maintenance) and age of installation and 
building. 

Complaint maintenance 
It appeared that the chance for a ventilation related complaint is 5 %. The chance for 
complaints differs with the type of ventilation system, especially between individual and 
central systems. This varies from approximately 7.5 % in single family dwellings to 2.5 % in 
multi-family dwellings with central systems. The costs for complaint maintenance per 
dwelling per year show big differences. According to results of this survey the average costs 
per dwelling are NLG 14. The costs for complaints in single family dwellings are a little 
higher than in multi-family dwellings: 
- individual systems: NLG 17 
- central systems: NLG 1 1 
This leads to the following assumptions for costs per complaint: 
- average: NLG 280 per complaint (= NLG 1410.050) 
- individual system: NLG 225 per complaint (= NLG 1710.075) 
- central system: NLG 440 per complaint (= NLG 1110.025) 

Relation use, basic quality and complaint maintenance 
The housing corporations mentioned the following complaints and problems leading to 
complaint maintenance: 

Table 3: Complaints and problems for different types of ventilation systems 

Cycles for planned maintenance ME 
From this research it occurs that planned maintenance of ventilation systems is quite unknown 
and uncommon. In order to get a definition, more close to practice, three levels are 
discriminated. 

MVHR 

occupants don't understand the 
system 

e wrong execution of the system 
e noise 

ME in single family dwellings: 

* failing or displacement of grilles 
failing of fan 

* smells of cooking 
0 draught 
e mould grow 
e noise 

Central ME systems in multi- 
family dwellings 
* smells of cooking 
e draught 
e mould grow 
e noise 



Low: these are the activities, with corresponding data, carried out by the 15 housing 
corporations in at least more than 50 % of the cases. 
Medium: these are the activities that are carried out by at least 25% of the corporations. 
High: All required activities have to be carried out in practice, (but only less than 25% of 
the corporations actually do so). 

In table 4 the results of the questionnaires are given. This table indicates in how many cases a 
maintenance activity is actually carried out (in %) and the average cycle, modified for the 
results in practice. 

Table 4: Condensed results of research on maintenance activities 

In table 5 cycles for planned maintenance are given. A comparison is made between the data 
as recommended by the Dutch ventilation industry and the data from this survey, representing 
maintenance cycles in practice. 

Consequences for maintenance costs 
Now the maintenance cycles are known maintenance costs can be calculated. Assumptions for 
these calculations are: 

considered period : 30 years 
nominal interest : 7 % 
inflation : 3.5 % 

9 maintenance class : as defined 
maintenance costs : Net Present Value (NPV) for complaints and planned maintenance. 

- Measur~ng flow of grtlles 

- Cleantng grtlles 

- Measur~ng extract flow 

- lnspecttng ducts 

- Cleantng ducts 

- Cleaning extractton fan unrt 

- Replacing gnlles 

- Clean~ng cookerhood 

- Replacing cookerhood 

- Replactng extraction fan unit 

- Commissioning, control system 

Multifamily 
(1 3 corporations) 
cycle 

5 

5 

7 

5 

13 

4 

15 

4 

18 

16 

7 

Single family 

% of activity that is 
applicable 
38 

38 

46 

3 1 

15 

85 

46 

85 

23 

85 

62 

(1 5 corporations) 
cycle 

7 

5 

8 

7 

14 

3 

16 

15 

18 

15 

6 

% of activity that is 
applicable 
27 

38 

38 

23 

15 

54 

38 

8 

23 

80 

69 



Table 5: Cycles for planned maintenance; mechanical extract ventilation 

Table 6. Maintenance costs (NPV) for three levels; mechanical extract ventilation 

es, recommen 

tch ventilation industry results of the survey) 

- Measuring extract flow 

- Inspecting ducts 

- Cleaning extraction fan unit 

- Replacing grilles 

- Cleaning cookerhood 

- Replacing cookerhood 

- Replacing extraction fan unit 

Finally the maintenance costs in practice, as provided by the 15 housing corporations, have 
been compared with the maintenance costs for the maintenance classes as given in table 7. 
Assumptions for these calculations are: 

average cycles ("'medium" as in table 5) 
the range of the maintenance of single activities is corrected with the percentages, given by 
the housing corporations. 

2 

5 

5 

Maintenance costs in NLG per 
dwelling (Dutch ventilation 
industry) 

842 
1366 
2227 

8 

15 

15 

piece 

piece 

piece 

- Cleaning grilles (facade) 

- Repairing grilles 

- Repairing ventilation windows 

Maintenance costs in NLG 
per dwelling in practice 

568 
939 

1410 
594 
99 1 

1488 
54 1 
885 

1329 

Type of installation 

Average 

Individual 

Central 

-- 

-- 

6 

5 

10 

10 

6 

6 

2 

Chance complaint 
maintenance 

low 
medium 
high 
low 
medium 
high 
low 
medium 
high 

-- 

12 

6 

-- 

12 

6 



These calculations lead to maintenance costs for single family dwellings of NLG 1134. This 
value is a little higher than the costs for maintenance class "medium" from table 7 (NLG 991). 
This indicates that the medium level reflects realistic values fi-om practice. 
Next question is what the impact is of a "good" or a "poor" complex on the total maintenance 
costs. Because of the lack of information that was derived fi-om the questionnaires (housing 
corporations do not know the differences in costs) it was impossible to calculate with average 
values. However one corporation was able to provide detailed information. If these data are 
used for the calculations the following results occur: 

Table 7: Maintenance costs in practice for two levels of basic quality. 

For single family dwellings these results cope the calculations with the assumptions. However 
for multifamily dwellings there are large differences. 

Building type 

Basic quality 
Good (optimal) 
Poor (critical) 
Difference 

SIMPLIFIED TOOL FOR ESTIMATING MAINTENANCE COSTS 

In four steps the maintenance costs, expressed as NPV, are estimated. Also maintenance 
activities and cycles are recommended to maintain these level and corresponding costs. 
In step 1 the basic quality is determined by some qualitative descriptions of the installation 
and building qualities and properties. In step 2 the users influence or user frequency is 
determined, also by qualitative descriptions. If the majority of the descriptions apply to the 
site then the corresponding class can be used; otherwise class "average" is applicable. In step 
3 the maintenance class is estimated in a graph as a function of the basic quality and user 
fi-equency. Also some cost ranges for maintenance (planned and complaints/failures) are 
given. In step 4 the expected costs, expressed as NPV for planned maintenance and for 
complaints and failures, are estimated. Also the recommended maintenance activities and 
cycles are given. Special attention is needed for level "low". Some of the maintenance 
activities are carried out by the users (as a result of a conscious behaviour, resulting in a "low 
user frequency") and some maintenance activities don't have to be carried out at all as a result 
of the basic quality of installation components. There are some differences in cycles between 
the tables 5 in the tool and table 5 in this paper. This is because the field research showed that 
some of the maintenance activities were not carried out or with a very low cycle. However we 
do some recommendations for (extra) maintenance activities or cycles. 

Single family dwellings 
(individual) 

NLG 1532 
NLG 2535 
NLG 1003 

REFERENCES 

Multifamily dwellings 
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M P L I F I E D  TOOL FOR E S T I M A T I N G  C O M P L A I N T S  AND MAI?YTENANCE 

ISTS 

rpe o f  building: Single family 

rpe o f  vent i la t ion  system: Mechanical extract, natural supply  

~ e c i f i c  qual i t ies  that are o f  concern  f o r  assessment: 

!ntilation system, installation: Burlding: 

~ t :  Purpose provided openings: 

location 

accessibility 

devises 

uct a n d  duct  plan: 

lay o u c o f  the  system 

devise; 

quality o f  design 

quality o f  execution 

#rilles: 

control possibilities 

cleaning possibilities 

- presence 
- d e s ~ g n ,  according to b u l l d ~ n g  regulations 
- a c c e s s ~ b ~ l ~ t y  
- control p o s s ~ b ~ l i t ~ e s  

- cleamng p o s s ~ b l h t ~ e s  

Butldlng envelope 

- alr t ~ g h t n e s s  

STEP 1: Estimate the basic aualitv bv table 1 I 

r a b l e  1: B A S I C  Q U A L I T Y  

Explonolron 
Classtficatlon m category "aptunal" or "cnttcal" lf most of the aspects arc appl~cable for rint spcc~fic category. 
othenvtre category "average" 

STEP 2: Estimate user frequency by table 2 I 

crltlcal 

C~Ificuil acccrs~blc - m sound proofing 
povlr8onr for mavntlng 

. acrrr~vcduct lcngthr 
many bcndr . fkrlblc tuber - M y  ducts . m round proofing 
pvtrsonr 

. m mcaruremcnlr andlor 
rrmple~~or~ rcportr 
requgrcd 
noclean~ng poss~btl~rier 
a clcan~ng porr~btlitter 
*?rh chance of d~rordcr 
adjusmcnt 

no rcqunrcmcntr 

ln~ta113tton: 
ant1 

duets 

grilles and adjustment 

BuBding: 
ntr tightness 

T a b l e  2: U S E R  F R E Q U E N C Y  

Table 3: M A I N T E N A N C E  CLASSES 

optlmat 

. easily acccstblc . mauntcd on conrMnlon 
wtth r p d  sound 
pmofing pmvtsmnr 

. ruanghtduct layout . rhon duct lengths 
no sharp bcndr, flexcblc 
lubes . alr tnghl realtngafduclr 
and mnncctronr 
round proofing 
proYlsl0"l as SIIC"C"S 

and flcirble mourang on 
""ll 
adjuslmcnl and 
cnm~n~rs~un~ng III cvcry 
dwellang 
compla~onrrpons of 
commlrnontng m q u m d  
slsanrng pourb~l~lrer 
wathout d~rordcr thc 
adjurrrnent (markmg or 
xcunng) 

"50-  3 5 

STEP 4: After estimating the most suitable maintenance class the expected 
maintenance costs can be estimated by table 4 and the planned 
maintenance activities by table 5 

average 

. acccrstblc . flerlble mounlrng on 
consmcl~on 

. bmstcd flerrblc bcndr . no rpnal wal~ng of 
duds, connccltanr wried 
wtlh tape 

- adjurtmcnl~n ltmltcd 
n~t~nher of lcst dwcll~ngq 

* eamplet~on rcpon oflrrl 
dwelllngr rcquwed . eleantng pon$b1l8t8cr 
wllh l8rrnted chanccof 
dnrordcr L e  adjurtmcnt 

" 5 0 - 5  6 

T a b l e  4: E X P E C T E D  COSTS OF M A I N T E N A N C E  

expressed  as LCC over 30 y e a r s  @CU) 

T a b l e  5: P L A N N E D  M A I N T E N A N C E  A C T I V I T I E S  

.replacing grilles 

.cleaning cookerhood 

replacing cookerhood 

replacing ertrnction fan unit 

Total 
372 
667 
808 

Maintenance costs 
Low 
Medium 
l l~gl l  

'' Acttvtty camcd out by occupant 

Planned maintenance 
300 
522 
590 

Complaints 
72 
145 
218 


