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1. Synopsis

In the framework of the Flemish “Kantoor 2000” research project, the BBRI invited a
Swedish inspector to apply the Boverket-OVK procedure for checking the ventilation
installations in three Belgian buildings.

This experience was most illustrative for the actual status of ventilation systems in Belgium.
The procedure being very simple to apply was still very effective and able to detect most
problems with ventilation installations encountered in these buildings.

To control the quality of ventilation systems, three aspects of the building process are
important:

Effective and correct design: even in a most prestigious building, main errors in the
design were encountered. With correct procedures for commissioning, this kind of errors
should be eliminated before the building is occupied.

Good inspections and maintenance: most errors encountered were related with bad
controls (wrong settings, wrong airflow rates...) and bad maintenance (dirty installations
with poor performances...). The lack of good maintenance and operating controls is
responsible for a whole range of secondary problems (damage to the installation, bad
indoor air quality, high energy-consumption...).

Continuous commissioning: checking the installations on a regular base seems to be a
very effective way to improve the encountered poor performances of ventilation
installations. The Swedish example supports this opinion very strongly: since the
procedure is established, the quality of ventilation has improved in a very impressive
way.
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2. Introduction

The Swedish National Board of Housing, Building and Planning (Boverket) has developed
the procedure “Checking the performance of ventilation systems’ or OVK (Compulsory
Ventilation Check) to improve the performance of ventilation systems in Sweden. In the
framework of the TIP-VENT and KANTOOR 2000 projects, the BBRI has applied this
procedure to three office buildingsin Belgium.

A formal description of this procedure can be found in (*). In order to apply this procedure,
the BBRI has asked the collaboration of Mr. Reinhold Larsson who is an experienced
inspector with a national authorisation certificate class K (valid for all types of ventilation
systems) in Sweden.

3. Procedure

| SESKTNINGSUTLATANDE The timetable of the compulsory ventilation
[ e checks and the inspector's required

_— e[ quaifications are well defined in () and

Bl therefore not discussed in this report.

il w—— The practical procedure is supported by a
— e o checklist, a single page document mentioning
P P—— O PSS (Y5 PRSP P R the checks to be performed_ Most of these
s | o controls are visud but some require
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“Air intake

measurements.  Especially  when  visua
inspections lead to remarks, supplementary
measurements are carried out. Only defective
points are reported on the document, in which
two gradations are possible. A ‘1 has to be
improved at the latest on the next inspection,
while a ‘2 is considered to be a severe
deficiency and has to be improved in the short
term (i.e. about 3 months), followed by a new
inspection.

In this document, only mechanical ventilation
systems are discussed. A similar practica

procedure exists for natura and hybrid
ventilation systems.
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Not tight ducts.
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‘Accessible
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Figure 1 OVK checklist

The following text briefly describes the issues on the inspection form and the encountered
shortcomings in the three examined buildings.

Beforehand, these buildings are briefly presented.

! The Swedish National Board of Housing, Building and Planning, General Guidelines 1992:3E “Checking the
performance of ventilation systems’; Boverket, Publikationsservice Box 534, S-371 23 Karlskrona, Sweden

30f12



Proceedings 21% AIVC Annual Conference, “ Innovationsin Ventilation Technology” , 26-29 September 2000, paper 57

3.1 Examined Belgian buildings

Building A Building B Building C
Year of construction 1975 1991 1998
Office floor surface 1120 m2 3250 m? >10.000 m?
Ventilation type Mechanical supply Balanced Balanced

Table 1 Examined buildings

e Building A isarather small office building, constructed in the seventies but renovated in
the nineties with much attention for energy and comfort related topics. The users are
aware of energy-use and comfort ‘above normal’ and therefore the situation was expected
to be good, if not very good.

» Building B isatypical property developer project constructed in the early nineties. Some
problems with indoor air quality and thermal comfort were aready encountered and it
was therefore expected that there would be some remarks in this OVK-check.

e Building Cis anew prestigious office building from one of the main banking companies
in Belgium. The building was in the stage of commissioning at the moment of the OVK-
check. In Sweden too, it is considered normal that a first OVK-check leads to some
remarks on the ventilation installation.

3.2 Documentation

The first issue to be checked is the existence and correctness of documentation on the
inspected installations. This documentation consists of drawings, schemes, manuals,
mai ntenance programs... etc.

Incomplete or missing as built plans, manuals, maintenance instructions... are considered to
obstruct good management of the ventilation system.

Building A Building B Building C

2 2 2

Table 2 Score (-, 1 or 2) on the OVK checklist

As shown in table 2, none of the three ventilation installations was well documented. In fact
in buildings A and B some documents were missing, other were incomplete or showed
incorrect information (e.g. as built plans ). Building C had no documents available at all, as
these were handed over to a maintenance company, without having a copy near the
installation.

3.3 Distribution network

The complete ductwork through which the air is transported is inspected very closely, since
dirty or non-airtight ducts and grids cause energy-losses and are possible sources of
bacteriological contamination and dust.

3.3.1 Air Intake

The air-intake should be clean and protected against water infiltration, insects, animals...etc.
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Building A

Building B

Building C

2

2

Table 3 Score (-, 1 or 2) on the OVK checklist

Two of the three buildings had already a severe shortcoming at the air intake. Maintenance
and cleaning was impossible in building A due to a fixed grid, building B had precipitation
water infiltrating the installation through the air intake. Being a severe design mistake, this
last problem causes a lot of other secondary problems, such as corrosion, moulds and
bacteriological contamination.

3.3.2 Duct joints and airtightness

Lack of airtightness of a ductwork is often due to inaccurate assembly, which causes air-open
joints. Furthermore, the quality of the ducts themselves is variable. In general, circular ducts
are more airtight than rectangular ones, which have however the advantage of not taking so
much place. Good joints have seals.

Smoke tests visuaise air leaking through joints. When severe leaking is observed,
pressurisation of the ductwork makes it possible to quantify the problem. Pressurisation is not
a standard test in this OVK-procedure.

Building A Building B Building C

1 1 1

Table 4 Score (-, 1 or 2) on the OVK checklist

The airtightness of the ductworks in building A and B has been measured and documented in
the framework of the SAVE-DUCT-project (4), where more information on this subject can
be found. Building A is known to have a well performing class C-ductwork, building B does
not even reach class A, thus having a poor airtightness.

In Building C important |eaks were detected at installation level and easily accessible parts of
the ductwork, leading to a ‘1’ -remark. However there was no time or budget available to
guantify the real airtightness of the ductwork.

As important as the airtightness is the cleanliness. The hygienic standard in Sweden is max 1
g of dust pro m? developed duct surface. Each installation should therefore have a
maintenance program that provides the regular cleaning of the ducts, which have to be
equipped with inspection and cleaning openings. Visual inspection is predominantly
sufficient to determine the condition of the ductwork.

None of the three buildings had a ductwork maintenance program, nor were the necessary
cleaning devices present. Furthermore building C showed the importance of correct handling
of the ducts during the construction phase: although new and unused, the ductwork showed
important pollution coming from the construction phase.

3.3.3 Short circuits between outdoor and extracted air

[Il positioning of air intake and outlet often leads to short-circuits between exhaust and
supply. Positioning can be easily inspected, e.g. on a rooftop. In case of doubt, the use of
tracer-gas techniques can give a decisive answer. In the examined cases there were no
apparent problems with this subject.
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3.4 Fan Room

The technical room, containing the ventilation installations should be easily accessible, clean,
well lighted and ventilated in order to make it easier to operate the system well. Therefore
some basi ¢ inspections are effectuated.

Good accessibility, lighting and ventilation of the technical room are basic conditions to
operate the installation in a proper way.

Thisissue was approved in each of the examined buildings.

3.5 Fan

The air handling unit (AHU), containing the fans, heat exchangers, heating, cooling and
humidifying batteries...etc. is the heart of the installation. Therefore many visual inspections,
complemented with measurements are effectuated.

3.5.1 Airborne sounds/vibrations

The procedure provides a check of sound-levels when installations are inspected for the first
time (new installations or first-time visits to existing buildings) or when sound-levels are
evidently too high. Sound-levels however, are influenced by maintenance-conditions. Fans
operating in bad conditions (dirt, huge pressure drops...) produce more noise.

No acoustic tests were effectuated.

3.5.2 Doors/accessibility

It is important to have access to each compartment of the AHU. Therefore doors or
removable panels should be provided and easy to open. This is necessary for good
maintenance: changing filters, cleaning the installation, changing belts, greasing...

Building A Building B Building C

- 2 -

Table 5 Score (-, 1 or 2) on the OVK checklist

Building B has amajor design mistake, as the heating battery compartment is not accessible.

3.5.3 Filters

Not only the degree of pollution is checked, also correct positioning of the filters is
controlled. When clearly dirty or in bad condition, it is interesting to measure pressure drop
and temperature rise over the filters. A typical pressure drop is 100 pa, while the temperature
should not increase more than 1°C.

Building A Building B Building C

2 2 2

Table 6 Score (-, 1 or 2) on the OVK checklist
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The filter system in building A showed an important anomaly, as the filtered dust reappeared
on the outside of the filter and as a consequence entered the supply duct. Due to the
infiltration in the installation (cfr.3.3.1), filters in building B were in an abominable
condition. Building C had no filter between the supply air and a heat exchanger (rotating
wheel exchanger), with disastrous consequences for the latter. Once again, this is a design
mistake.

3.5.4 Fans and fan motors

Fan-blades get a visual inspection. Energy consumption of the motors can optionally be
measured. Important is to measure the pressure-drop over the fan. Both energy consumption
and pressure drop should be compared with initia requirements, prescribed in the
documentation.

Building A Building B Building C

- - 2

Table 7 Score (-, 1 or 2) on the OVK checklist

The underpressure over the supply fan in building C exceeded the design value by 50% and
caused stagnant water in the humidification battery.

3.5.5 Driving belts

The condition of the belts is controlled by visual inspection. The use of flat belts in stead of
V-belts is recommended. The latter are easier when it comes to line up fan and motor (larger
tolerance), flat belts however, are less energy consuming. An alternative is the use of direct-
drive-fans (thus without belts).

None of the visited installations had flat belts or directly driven fans. Belts were however in
good condition.

3.5.6 Recycled air

The air-tightness of heat exchangers, dampers and valves between exhaust and supply is of
great importance. The system can only function under well-defined conditions if each device
functions properly itself. Several measurement campaigns show that recycling rates are often
more important than foreseen.

Therefore, when air recycling devices (e.g. dampers between exhaust and supply) are present,
their airtightness is most important to obtain well controlled and quantified recycling degrees.

Building A Building B Building C

- - 2

Table 8 Score (-, 1 or 2) on the OVK checklist

Building C had an involuntary recycling degree of 20%, measured with tracer gas techniques,
due to a badly executed exhaust/supply damper.

7 of 12




Proceedings 21% AIVC Annual Conference, “ Innovationsin Ventilation Technology” , 26-29 September 2000, paper 57

3.5.7 Heat recovery

Deficiencies of heat recovery devices mostly concern air-tightness and cleanliness. Very
often involuntary recycling of extracted air is caused by leaky heat exchangers.

Building A Building B Building C

- 2 2

Table 9 Score (-, 1 or 2) on the OVK checklist

In both buildings B and C secondary problems appear with the heat exchanger. Due to
corroded damper-flaps the cross-plate heat exchanger in building B is not functioning, while
the rotating wheel heat exchanger in building C is blocked with dust and dirt coming from the
unfiltered supply air.

3.5.8 Draining

Condensers and humidifying devices in genera require specia attention. Some dated types
should not be used any more, because they cause rather high pressure-drops and create
favourable conditions for micro-organisms. Water coming from condensers and dampers
should be evacuated immediately for the same hygienic reason.

Building C had a severe secondary problem with this item: as already mentioned in 3.5.4
there was stagnating water in the humidification battery.

3.6 Feedback control

In general the operating system and/or switchboards need manuals, easy layout, clear
functioning (cf. alarm-lamps...), good labels...etc. Good feedback and controls are a conditio
sine qua non to operate the system properly.

All three buildings being rather recent or recently renovated, the control panels complied with
actual demands.

3.7 Room level

At room level adiversity of checks can be performed. However, in the framework of this 3-
day-visit of the Swedish inspector less attention was paid to this part of the OVK-procedure.

3.8 Tests

In completion to the standard checks and measurements of the OVK-procedure, a number of
tests can be done to obtain more information on the observed shortcomings. Hereafter follow
some results from measurements performed in these 3 buildings

3.8.1 Building A

- The measured and calculated airflow rate (with tracer gas techniques) at installation level
is a little low: about 15% lower than expected. Measured value is 500 m3/h, while 600
m/h is expected.
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- As a consegquence partial airflows at room level are a little low too. Moreover the
distribution of the air over the roomsis not optimal.

Some results:
Inlet position Airflow in room Airflow in room Airflow in room
232 a 237 239 a
1 (25 m3/h) 23 m3/h 18 m3/h 23 m3/h
2 (50 m3/h) 30 m3/h
3 (75 m3/h) 40 m3/h
4 (100 m3/h) 56 m3/h 73 m3/h 74 m3/h

3.8.2 Building B

- Themeasured supply air flow rates are 33% lower than the design values. Thisis only 5%
for the extracted air.

qupply offices 0-1-2-3

Qexhaust offices 1-2-3

Design value

10560 m3/h

6100 m3/h

Measurement

7110 m¥h

5885 m3/h

- As aconsegquence, the pressure is higher in the garages than in the office section of this
building. Part of the pollution of the carsin the garages enters into the offices.

- Theéelectrica consumption of the fans for the supply in the officesis very high:

Exhaust offices 2.98 W/(I/s)
Supply offices 8.46 WI/(I/s)
Exhaust garage 4.25 W/(lls)
Supply garage 3.46 WI/(I/s)

3.8.3 Building C

- Due to high pressure drops in different components, the supply fan is working very hard
in comparison to the measured airflow rate.

Pressure drop was about 1600 Pa, the fan working at 42 Hz (50 Hz being maximum) for a
flow rate of about 35000 m?/h.

In ideal conditions the maximal pressure drop should be 1200 Pa (design value for this
installation) at 50 Hz (maximum flow rate). At 42 Hz the flow rate should be about 48000
md/h (according to fan characteristic)

- SFP (specific fan power) is very bad (3 W/(l/s) in stead of 1,5 W/(l/s) as a normal value),
due to these problems. If the supply fan runs 12 hours on 24, the dirt on the heat
exchanger is responsible for easily 13000 kWh/year. Moreover, running under correct
pressure conditions would save at least an extra 35000 kWh/year.
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4. Important lessons learned from this OVK-experience in Belgium

While paragraph 3 might be considered as a cheap summing up of spectacular shortcomings
and mistakes (which it partly is), it shows however some important weaknesses of the actual
construction market, in particular where ventilation is considered.

4.1 Condition of ventilation installations in Belgium

The most evident conclusion from this OVK-experience is the rather bad condition of the
visited instalations. Visits in 92 other office buildings in Flanders and Brussels in the
framework of the Kantoor 2000 project mainly confirm this conclusion.

Three main reasons are at the base of this situation:

1. Design mistakes are not detected, because efficient commissioning procedures are non-
existing at the moment and little attention is paid to commissioning as a whole.

2. As there are no other boundary conditions, such as energy and comfort parameters
imposed by authorities, price is in most cases the only and decisive parameter in the
selection of the installation. In other words, in the actual market situation and financial
climate there is no stimulation toward better installations with regular profound
maintenance and inspections.

3. There is little user awareness of the possible problems occurring with ventilation
instalations. Therefore, in many cases maintenance and inspections are limited to an
absolute minimum.

In the Swedish context procedures such as Boverket-OVK have largely shown the capability
to overcome these problems:

1. Although design mistakes should aready be detected at the time of commissioning,
Boverket-OVK is applied to the new installation before the building comesinto use and is
therefore a final examination to pass.

2. As Boverket-OVK is a compulsory check, it creates a legal context in which there is no
room for low quality ventilation installations. Without OVK-approval, a building owner
does not get his exploitation-permit.

3. As building-owners are a concerned party, their awareness of high quality ventilation is
stimulated, as well as the importance of good and regular maintenance and inspection.
Moreover, athough compulsory, the OVK-procedure has an advisory philosophy. More
than punishing building owners by depriving them of their exploitation permit, an
inspector will try to advise the owner to improve hisinstallations.

4.2 Efficiency of simple pragmatic procedures

The experience with the OVK-procedure is a pleafor simple pragmatic procedures to obtain a
good base level of quality with rather little effort. Asillustrated in paragraph 3, al the checks
and measurements are feasible in a limited time with limited means. Most measurement
eguipment can be carried away in anormal sized suitcase.
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On the other hand this does not mean that the test can be performed by anyone at any time.
The force of this type of procedures lies in the experience and knowledge of the inspector,
allowing him to assess installations quickly and accurately.

In a market where automated control systems are winning ground, one should remark that
these valuable systems can only function properly with a good underlying base, i.e. a well
functioning installation with maintained and checked components.

4.3 Importance of good commissioning at an early stage

Some major shortcomings encountered in paragraph 3 were clearly mistakes in the design.
Boverket-OVK-like procedures are unable to prevent this kind of costly mistakes. OVK can
only state the mistake and advise the building owner with possible solutions to the detected
shortcoming. Consequently the commissioning process should start at an early stage, earlier
than nowadays. This can happen in different ways:

1. Components used in installations might be quality-certified by means of |abels, attributed
by authorised organisms

2. Theinstalation design could be checked at the time of construction license assignment.

3. Final commissioning of the installation should start in an earlier stage, independent of the
commissioning of the building, and run over alonger period. E.g. a one year period with
addressed monitoring activity to refine the controls of the installation.

4.4 Importance of good maintenance and inspection — continuous
commissioning as a support

The Swedish experience has shown an enormous decrease of shortcomings in ventilation
installations, since the introduction of the OVK compulsory ventilation check. Not only
because this compulsory check detects these shortcomings and problems, but aso because
preventive maintenance has increased.

In a way, a procedure such as OVK can be considered as a kind of continuous
commissioning. Its working domain is even larger: where commissioning mainly considers
new or renovated/refurbished buildings and installations, OVK is applied in a regular way
and therefore more effective.

It might be interesting to have this kind of procedure in other domains (HVAC, but also other
parts of the building and its equipment).

4.5 Potential for energy saving

Finally, the most essential point is that OVK has improved the quality of ventilation
installations and thus indoor comfort and energy use. Although OVK gives no direct stimulus
toward the use of energy-friendly components, the general stimulus toward quality that lays
in the regular check and the fact that well maintained and controlled installations are a lot
more efficient, leads to a considerable energy saving.
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