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1. Summary

1.1  Objectives of the action

The main objective of this project is to support a reductiché energy required to
deliver ventilation effectively in non-domestic buildings.

Development objectives include:

Classification of existing building ventilation technologéesapplied in built
examples and collection of additional information on buildinggrernce.
Identification of barriers for future application.

Preparing case-studies in a common format together withingamaterial.

Promotion objectives include seminars in professional confeseimcorporation of
training material in university curricula and disseminatibnase-studies to architects,
engineers and ventilation professionals through UIA-ARES WP\REand INIVE
(dissemination partners) in addition to IEE programme commae migation routes.

1.2  Achievements
The main achievements of the project have been:

The production of the 18 project brochures, explaining how differelutitbgs
have approached low energy ventilation
The production of teaching materials in the form of power poidéslavailable
to universities to enable teaching of low energy ventilatystesns.
The translation of these teaching materials into Danisimigh, Greek and
Portuguese.
The supporting reports that underpin these main outputs, covering

0 System classification

o Data gathered through questionnaires

0 Barriers to the application of ventilation systems
The dissemination of these findings and the brochure information.

All brochures, teaching materials, teaching material tréiosk supporting papers and
project reports are freely available from the project websiww.buildingadvent.com

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
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1.3  Summary of this report

This report brings together key findings from the project ab@eyto summarise our
findings on the low energy ventilation systems in use, laeid performance in use. The
report pulls together key information from the main project repartd also
summarises the links between them.

Because most of the reports from the project are publigpsdaely, this report has
been kept brief. The full details of each work stagepatgished in their own report.

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
European Buildings
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2. Introduction: W hat is low energy ventilation?

This was the subject of the deliverable D5 of the progassifying ventilation
systems. This report in full is available on the projeebsite.

Our final approach to characterising ventilation systerssnsmarised below. It is quite

complex, recognising that there are different fundamental apmeaacidelivering
ventilation, different approaches to its supply and then a reirgeas where energy
can be saved, as compared to a ‘full’ air conditioning approach.

Characteristic Principle

Ventilation Principle

Natural Ventilation

Characteristic
Parameter

Single-Sided

Cross

Stack

Hybrid Ventilation

Natural and Mechanical in
combination in the building

Fan Assisted Natural Ventilation

Mechanical Ventilation

Mechanical Exhaust

Mechanical Supply

Balanced Supply and Exhaust

Air Distribution Principle

Mixing

Displacement

Temperature and Ventilation
Effectiveness

Ceiling supply

Energy Efficiency Principle

Transport

Wind tower, Wind scoop, Low
Pressure Ducts, Atrium

Heating

Heat Recovery

Solar Preheating

Earth Coupling

Cooling

Free Cooling Outdoor Air

Night Cooling

Earth Coupling

Chilled Beams and Ceilings

Fan-coils

Comfort cooling (temp control)

Air conditioning (temp and humidity
control)

Control

CAV

VAV (Demand Control)

Automatic and/or User Driven

IAQ and/or Thermal Comfort

Air Tightness

Energy Storage

Thermal mass, PCM

Water and Ice Storage

Concrete Core Activation

Commissioning/

Maintenance

Table 1.

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
European Buildings

Page 3 of 49



Intelligent Energy — Europe SAVE, ALTENER, STEER, COOPENER, Horizontal Key Actions

There are many good sources of basic information on ventilgtstarss. Key amongst
these are our project partners:

International Network for Information on Ventilation and Energyf@mance
INIVE, http://www.inive.org/They in turn support the

Air Infiltration and Ventilation Centre AIV@uww.aivc.org

The Federation of European HVAC Associations, REH\#://www.rehva.eu/

There have also been a good number of EU sponsored projectevantalubjects,
including:

VENT Dis.Course - IEE
NATVENT — Joule
STEVE — Thermie B
TIP-Vent — Joule

AIOLOS - Altener

DUCT, AIRWAYS - SAVE
URBVENT - Energy
SOLVENT - Altener
ResHyvent - Joule
European Collaborative Action: (Urban Air, Indoor Environment anchatu
Exposure)

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
European Buildings
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3. Building Selection

In the project process we set out to achieve the aims ahooinating the benefits and
risks of low energy ventilation systems mainly through sasdies. The choice of these
case studies was therefore particularly important in achielkegroject goals.

In choosing case studies there were a number of competing demands:

Covering a range of climates.

Covering different ventilation systems.

Covering a range of different building types, but in a way traktas the
findings comparable, e.g. not industrial buildings or dwellingspfiiges /
schools / other public buildings.

Selecting successful buildings that perform well for eneagyquality and
occupant satisfaction.

Selecting attractive buildings that others would be intedeist understanding
Using buildings where some data were available already (tjecpfunding did
not allow for a full series of appraisals.

Using buildings where gaps in data could be filled and publicatmrid be
allowed.

This list of parameters means that the final collectioprofects must include some
compromises, as not all of these conditions can be met.ilNkiertheless the final
selection contains a good mix of buildings, systems and climates

3.1 Climates

A basic aim of the project was to demonstrate solutioesaet to the 3 main climate
zones of Europe:

High heating,
High cooling, and
Intermediate.

However the reality of the climates of different courgtithat there is more of a
continuum of different conditions as we move from place to plHgis can be seen in
Figure and Figure below, which show the heating degreeastalythe cooling degree
days for each of the locations we have eventually use iprtject. There are fewer

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
European Buildings
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than 18 as some locations contained more than one buildingstuthe(Athens, Porto
and Helsinki).

What is clear from the figures is that there is a continuanige of heating demands
across the locations. Finland, not surprisingly has the higkathg degree days, but
the other colder locations are only slightly more than thenmdiate locations. Clearly
the Southern Europe locations have much lower heating loads.

For cooling degree days it is clear that the high coolingimtsiare well defined.
However Linz, in Austria, has both a relatively high heg&nd cooling load, indicating
that there could be a case for a fourth category of clihaiag a ‘continental’ climate
with higher cooling and heating loads.

Average annual heating degree days (15.5degC)

@ Cold
® Moderate

1500 - O Warm

Figure 1: Total heating degree days
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Average annual cooling degree days (15.5degC)
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Figure 2: Total cooling degree days
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3.2 Selected Buildings

Eighteen buildings were selected to be included in the stadlge basis of the criteria
set out previously. These are described briefly in thissect

A&G, paper warehouse and offices, Athens, Greece

Figure 3. Aggelidis & Georgakopoulos building

Aggelidis & Georgakopoulos is an office building and a paper sturated in Greece.
There are three levels in the building: paper storage at grénord dffice areas at first
floor, parking areas and mechanical installations in the bageftee building is

mechanically ventilated in the office area and natunadlytilated in the storage area.

GSIS Building, Athens, Greece

Figure 4. GSIS building

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
European Buildings
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GSIS building is located in Greece. It has a rectanghkpeswith general dimensions
115mx39m. Its long axis runs along a South/Southeast to North/Northwesdtai.
The building consists of two basements with parking areas, grtaordahd four floors
with office areas.

Delphi museum, Delphi, Greece

Figure 5. Delphi Museum.

The Delphi Museum is located in Dephi, Greece, spelt Detiirgek. It is mechanically
ventilated using a HVAC system with heat recovery and ddroantrol.

SOLAR XXl, Lisbon, Portugal

Figure 6. Solar XXI.

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
European Buildings
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The Solar XXI building is located in Lisbon, Portugal. Itasgely naturally ventilated,
with mechanical supply of outside air through a set of buried plpesiternal atrium
allows communication with the main spaces via controllableegisters, and in this
way promotes natural circulation of the air and air extraatidhe top. Night
ventilation can be used to promote summer cooling.

EPG - Edificio das P6s-graduacdes, Porto, Portugal

Figure 7. Edificio das Pés-graduacdes (EPG building

This is a university building, with traditional mechanicadteyns. There is a heat
recovery unit installed and also the free-cooling strategybe used during the suitable
weather conditions. Displacement ventilation is used inespaith high internal loads.

Parque Expo 98, Lisbon, Portugal

Figure 8. Parque EXPO 98 HQ.

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
European Buildings
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The building has both natural and mechanical ventilation. Wiekimg with
mechanical ventilation it has also the ability to workmiio0% fresh air or with a
percentage of recirculated air. Displacement ventilaarsed for air distribution to the
office rooms.

Nordea Bank, Helsinki, Finland

Figure 9. Investigation Nordea Bank

The Nordea building is located in the city of Helsinki in $le@ith coast of Finland. The
building is 26 metres high and is located on a dense urbafusteoutside the city
centre, about one kilometre from the shoreline.

Nordea Helsinki is a seven storey office building complet&2Di. All seven floors
are almost identical in size and shape and contain maystly-plan offices. The total
heated floor area of the building is approximately 7000 m? anlvimtame is

approximately 28000 m3. 450 regular office workers work permangnthe building.

The building is connected to the Helsinki area district healistgibution system.
Customers receive heat from the hot water circulating iméa¢ing distribution
network. The temperature of the district heating water sarseially between 65 °C and
115 °C for the supply and between 40 °C and 60 °C for the returriteg,wlepending
on the heat demand. The heat demand depends mainly on the \aedtieat its

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
European Buildings
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lowest in the summer when heat is needed only for the dienhes water. Heat
extracted from the district heating network is used irbthikeling for domestic hot water
and space heating through central air handling units and hotnadiaiors.

Poikkilaakso School, Helsinki, Finland

Figure 10.The Poikkilaakso School.

This is an experimental school building, located in Finland, &geeme elements
typical for hybrid systems are combined with mechanical hagiatn. The ventilation
system is fully mechanical low-pressure system, havicen&ral air handling unit
including filtering, heat recovery, etc.

The building serves as an airflow route and there are no suspegitiegs or visible
ducts inside. Air handling unit on the top of the roof is conmktidarge supply air
duct on the roof, from which two vertical ducts lead tchezlassroom having
displacement diffusers. Central spaces of the buildingearglated with transfer air
from classrooms (no ducts). Extract is from the central hall.

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
European Buildings
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YIT Keskus, Turku, Finland

Figure 11. YIT Keskus.

This is a 5-storey rectangular building with heated baseribate is a large atrium
space in the middle of the building. The offices are mapln plan offices and also
cellular offices.

Ventilation is mainly CAV system with active chilled lmes. Outdoor air is filtered and
heated in an airhandling unit and supplied to rooms. Ventilairas heated partly with
heat recovered from extract air and district heating. Risdmeated with hot water
radiators. The water is heated with district heating, lovd ¢ontrolled with
thermostatic radiator valves. The air flow is constant to abaffice rooms, but is CO
and temperature controlled to meeting rooms. Supply air fleelécted based on
ventilation requirements but is heated or cooled depending ongihieerments of the
room. Major part of cooling and heating is supplied by the watstems (beams and
radiators respectively).

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
European Buildings
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Vejlandshuset (Energi), Copenhagen, Denmark

Figure 12. Kgbenhavns Energi, Vejlandshuset.

Vejlandshuset is a cube-shaped building with an atria-spabe middle. This is 5-
storey, open space office building with approximately 400 empfoyee

The building is naturally ventilated, except for the ground fladvich is mechanically
ventilated. Natural ventilation is time, G@nd temperature controlled. There is a
possibility for the manual control of ventilation system intthéding. The occupation
density in the building varies from floor to floor and therefdwe ¢ontrol over the IAQ
and comfort conditions is carried out in each thermal zorexr sgby.

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
European Buildings
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CHH- Christophorus Haus MIVA, Stadl Paura, Austria

Figure 13. CHH- Christophorus Haus MIVA.

This project describes the new built office building of théhGkc Church association
“MIVA”. The association is active in development cooperatiod mission work. One
of their activities is to prepare all kinds of vehiclesdereloping countries. Therefore
the building is of multifunctional use. Office building is combingth a logistics

centre, there is also a warehouse for the aid shipmeBtBMf a car-wash, premises for
events and seminars, a world-shop, exhibition areas andrangakitchen.

The office building with 1,215 m?2 is a work place for 40 persdhs.remaining
building area is used for parking of the company’s cars (32ampasement (550
m?). The building has a basement, a ground floor and two uppes.floor

SFO Spirehuset, Hirtshals, Denmark

Figure 14. SFO Spirehuset

The building is located in a smaller town Hirtshals onNbethern coast of Denmark.
In a neighbourhood of SFO Spirehuset, there are mainly one-stotéydgsiwithout

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
European Buildings
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any tall trees. The distance from Spirehuset to the siglawddings is quite long and
therefore Spirehuset is well exposed to wind and sun. Howeverigha small artificial
hill 150m away from South-West facade. The area around the buddmbe identified
as suburban.

SFO Spirehuset is one storey building, which functions as an afteé before- school
institution. At the peak hours the institution can be occupiadimum by 100 pupils
and 5-6 adults. The age of pupils at the institution is fram2 years old.

The building is divided into several zones, which are connected bpen-space
common room. 5 of these zones are directly connected totm@an room, while 5
smaller rooms can be closed. Room height in the common rosignificantly higher
than in the other rooms.

The core part of the building is wooden construction, whilegendixes to the
building made of brick.

The building is naturally ventilated, except for toilets &itchen. According to Danish
building regulations toilets and kitchen must have a mechasxbalust.

Natural ventilation is automatically controlled, but usengehe possibility for manual
control (opening windows) and can change the control strategy butldéng, if
needed. The natural ventilation principle is combined witmtgkt cooling strategy,
which is activated during warmer seasons.

Due to the cross-stack ventilation principle used in the buildiege is a number of
roof windows designed for the exhaust air, but also to provideisuif level of day
lighting. Good level of the day lighting together with smoottomatic light control
ensures minimal use of energy for lighting. This is espeadielgvant when dealing
with children, who can often forget to turn off the light wheaving a room.

Roller blinds installed in the windows as an option for inteshalding, however these
are rarely used, as an actual shape of the building dénghtine large glazing areas,
serving as a protection from direct solar gains.

Special sound reducing finish is used at the internal surfa&srehuset, to improve
acoustical qualities of the building.

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
European Buildings
Page 16 of 49
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City Academy, Bristol, UK

Figure 15. The Bristol City Academy

The school is arranged in five villages, each pupil is a Ineeraf one village throughout
their secondary education. The orientation of classes andyriE/SW, however the
geometry means that solar exposure occurs in most directionscit@ has a sports
specialism and has a separate sports centre onsite.

A mixed /ventilation principle is applied in the building vidifferent systems serving
different areas. Ventilation through windows and small supply &imdat fans serve the
ground floor classrooms. Natural air supply is designed through windae first

floor classrooms with the air extract through motorized openiniggla level. Some
classrooms have a natural air supply via a buried concretevjgipa mechanical
extract on the ground floor and natural extract on the firstspecial rooms cooling is
provided from split air conditioning systems.

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
European Buildings
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St Francis of Assisi Academy, Liverpool, UK

Figure 16. Liverpool (Kensington) Academy.

The school has a specialism in the environment and it wastérgion of the design
team to demonstrate this through design. The school is oriemiditechain facades
facing North/South. The school is organized over 5 levels, fnensingle level, ground
floor Year 7 & 8 classrooms to the three storey full heaghtim.

The halls in the basement of the school are mechanicalljfatedt incorporating heat
recovery and demand controlled ventilation based on carbon diexigls in the space.
The ICT space, music practice rooms and server rooms hesteamical supply and
extract with room Fan Coil Units. Cooling is supplied viaai&ble Refrigerant Flow,
heat-recovery air-source heat-pump. This allows heat to betiedly moved between
zones and suits a simultaneous heating and cooling demand. Soidrteehnology
rooms on the ground and first floor teaching blocks are mechigniestilated to
reduce noise ingress, however the second and third floor creseaturally ventilated
due to a dispensation to save money. The ETFE atriaugaiigtventilated on the South
side and extracts at high-level on the North facade, througktamal plant room.

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
European Buildings
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Rijkwaterstaat (Transport office), Terneuzen, Netherlands

Figure 17. Rijkwaterstraat building - Office Ministry of Transport.

The building is built in Netherlands and is the Office forMimistry of Transport. It

has a spherical triangular shape in which the floor levsddike a snail-shell. In the
centre of the building is an atrium with a glazed roof. The mdldliouses 60 employees
and has a gross area of about 1350 m

An advanced natural ventilation system provides fresh aicantiols the thermal
comfort in summer. Opening of the inlet grills is constaadjusted as function of the
air velocity through the opening. From office rooms the airfloed to the central
atrium via overflow openings in the internal separation wéligerflows are custom-
made and acoustical absorption in the opening provides a good sountiansilia is
exhausted through openings in the atrium roof.

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
European Buildings
Page 19 of 49



Intelligent Energy — Europe SAVE, ALTENER, STEER, COOPENER, Horizontal Key Actions

Aras Chill Dara building, Naas, Ireland

Figure 18. Aras Chill Dara.

These offices are the home of Kildare County Council antbaeted in Ireland.

The building is zoned into three areas — natural ventilationhargcal ventilation, and
comfort cooling/air-conditioning. However the bulk of the occupjgate is naturally
ventilated.

The total building area is 12,500 m2. The building is arrangesdmtngs, with
sections of 3 and 4 storey height, connected by a central Famg@des are orientated to
the East/West, with rain screen cladding applied to resieg gains.

Frederick Lanchester Library, Coventry, UK

Figure 19. Frederick Lanchester Library

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
European Buildings
Page 20 of 49



Intelligent Energy — Europe SAVE, ALTENER, STEER, COOPENER, Horizontal Key Actions

The Frederick Lanchester Library is unusual in thatat deep-plan building occupying
a 50m by 50m footprint and is ventilated naturally with no ardificooling, except for
a separate basement storage area which is air-conditionadler to provide natural
ventilation a tapering central lightwell provides extracttilation, supplemented by 20
perimeter stacks with a 1.8oy 1.8m cross section. The stacks terminate 6m above roof
levels with fittings to prevent reverse flow due to wind pues. Air entry is via a
plenum under the ground floor to the base of four 6m by 6m square tighteells.
Under the influence of stack effect air is drawn viafthe corner lightwells into each
floor and extracted via the central lightwell and the snatacks. In winter the
incoming air is warmed by pre-heating coils at the baskeo$uipply lightwells and by
trench heating at the point that the air from the lighswahters each floor. Cooling is
provided passively by thermally heavy-weight ceilings.

By its nature the building has a large number of transientpaets. At the design stage
2,500 entries per day were anticipated. In practiceht@sncreased to 5,000. In
addition a number of staff work permanently in the buildinge Building is open for
use for approximately 4,000 hours per year.

Red Kite House, Wallingford, UK

Figure 20. Red Kite House.

Red Kite House is a three-storey building with a total fleeaaf 2,500 m2. Each
floor is principally open-plan office accommodation but includesesentlosed rooms
for meetings and special uses. In plan the long dimensmurvyed in the shape of an
arc, with the concave facade facing south. The distagteesbn the south and north
facades is 16m. A brise-soleil is situated at roof levethe south fagade to provide
protection from direct solar gain in the summer months. Tise3pleil incorporates

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
European Buildings
Page 21 of 49



Intelligent Energy — Europe SAVE, ALTENER, STEER, COOPENER, Horizontal Key Actions

photovoltaic cells which reduce the building’s electricity demamdonventional grid
supply. Roof-mounted thermal solar collectors provide hot watevdehrooms. The
building is naturally ventilated by automatically controlledhilevel windows on each
floor of the main facades. Larger manually operated windowslso available. The
ceiling of each storey is exposed concrete. This themaas is used in conjunction
with night-time ventilation to reduce peak internal tempeestim summer.

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in

European Buildings
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4.  Occupant comfort

Occupant comfort is the subject of deliverables D7 and X8, ttve work led by AAU
from Denmark.

The purpose of the work was to understand the response of buildisgaes
buildings they occupy, and thereby to understand any problems ttatlmei expected
to occur with the low energy ventilation systems in practice.

The following section is an extract from report D8.

Table 3-1 and figure 3-1 present a complete overview of usdéuaion in each
building.

In Figure , one can observe distribution of votes of satisfaedipants by each building.
It is seen that there are a number of buildings with relgtlegv overall levels of
satisfaction. However, buildings with low satisfaction vatese investigated in detalil,
together with reasons for dissatisfaction pointed out by tbepamts. These are
discussed in the report D7.

As an example the City Academy in Bristol shows up wéty low scores for thermal
comfort. This reflects the fact that questionnaire dageewarried out before subsequent
work to manage the heating and ventilation systems bettewauid be expected to be
higher if repeated.

One of the key challenges set up by using the questionmgireaech is that the view of
people on buildings is very complex, and is known to be affecteldymotivation
towards the organisation that runs the building. This meang teguires care to
compare different buildings; it is more reliable to look atisults as an indication of
where there are issues in a given building. In this wayttupants act as a valuable
diagnostic tool, enabling building problems to be identified.

No insurmountable problems were detected from the questionnaire pwhess
occupants were dissatisfied it was normally with a buildilegnent that was not
working correctly.

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
European Buildings
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Figure 21. Summary over the results from occupantwsveys by building.
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Figure 22. Summary of the results from occupant sweys by comfort parameter.
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Number Over_all . Perception of . Control
of perception of Thermal comfort Air movement Noise Natural | Artificial -
No Building Country responses| comfort AQ light lighting possibiities
received summer| winter summer| winter summer| winter summer| winter summer| winter temp. | ventil.
___EuopeanClimateswih tigh CoolngLo2d
1 A&G, Gr Greece 16 38 38 38 75 44 56 44 56 75 75| 63| 81
2 | GSIS, Gr Greece 74 72 72 61 61 50 50 66 83 83 83
3 Delfi Museum, Gr Greece 33 69 88 63 88 67 97 63 94 64 74 89 89
4 SOLAR XXI, Po Portugal 19 7 v 73 75 83 73 92 91 73 75| 83! 91 9L
5 EPG, Po Portugal 42 47 62 30 70 50 56 58 82 67 70 88 97 45 5p
6 Expo 98, Po Portugal 75 65 76 60 74 71 74 68 68 58 59 83 79 64 6D
____Euopean Climates wih tigh Weating toad
7 Nordea Bank, Fi Finland 35 38 61 35 56 40 43 42 52 47 45| 75 84
8 Poikkilaakso, Fi Finland 16 93 87 71 62 73 63 60 60
9 | YIT, Fi Finland 22 91 91 73 76 73 86 82 90 59 57 95 95
10 | Energi, De Denmark 366 73 73 70 70 66 66 84 84
11 | CHH, Aus Austria 17 93 100 93 92 93 92 79 77 86 92| 86 92 29 2
12 | SFO, De Denmark 6 83 67 83 83 83 83 100 83 100 83 101 100 g3 g
European Climates with Moderate Cooling Load andttig Load
13 | Bristol Acad, UK UK 38 62 62 22 22 69 69 50 50 92 92| 78 78 19 19
14 | Liverpool Acad, UK UK 39 72 72 44 44 54 54 56 56 87 87 59 59 30 30
15 | Transport Off, Ned Netherlands 26 91 91 67 72 68 65 85 80 100 10 92 10d 23 81
16 | Aras Chill, Ire Ireland 152 61 65 56 61 56 54 57 66 56 53 85 84 50 58
17 | Coventry Lib, UK UK 47 83 62 79 59 70 55 72 78 66 60 89 89 37 39
18 | Red Kite, UK UK 143 82 69 77 61 73 79 93 90 51 65 97| 84 &4 &

Table 2. Summary of the results from occupant surwes (All figures other than numbers of responses arequeages.)
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5. Building measurements

In this section the approach to some of the measurement @ecepsesented, as a
support to others who may be attempting a similar project.

UK Tests

In the UK measurements were carried out in two acadefiedoth tests, a tracer decay
test was conducted (using €8s the tracer gas). The tests are intended to be
representative of the building operating in the heating seabrall of the windows
closed. The results are therefore indicative of the "wzase scenario’ of ventilation
performance. Time permitting; an open window test was condtxteskess the
maximum ventilation rate.

Ventilation Testing:

The purpose of the ventilation tests were to inform assumptemgasding rates of fresh
air ingress for design purposes.

Two methods were used within the classrooms. In most roomssttercber was
interested in the ventilation rates during normal occupancythemefore used CO
monitoring equipment (TSI, 8551 accuracy of + 3%) was used.

The ventilation rate was inferred using a method describ&€wliey (2001) and Pegg
(2005). The method is described as the tracer decay methaafenscdthe ventilation
using the following equation:

Ct =Cex+E+ Cin - Cex_ E e-gt
Q Q
(Where,
G = concentration of C@at time t (ppm)
Cex = concentration of external GQppm)
G = amount of C@generated in the time period t (¥gs)
Q = internal-external exchange rate’/gh
Cin = initial concentration of the tracer gas (ppm)
Y, = room volume ()
t = time (8))

The current unknowns are the external levels of @@he atmosphere, which were fairly
steady at approximately 380ppm, the room volume, which is medsanedrawings and
The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
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the amount of C@generated (G). This led to a figure of approximately 1&diper hour
for children and 20.6 for adults.

The equation was solved using a numerical approximation methodMattalp. Sample
periods were constrained to moving 10 minute periods and repoxtetage ventilation
rate for that period was reported.

Academy of St Francis of Assisi, Liverpool:
A second floor NV classroom was investigated to assesafiltietion and ventilation

(windows open) rate. The corresponding ventilation rates caldwagee 0.21 ACH and
3.51 ACH respectively. Decay rate results are shown graibhbelow.

Window Open Ventilation Rate

—. 3000
g
& 2500 \
c .
% 2000 l Windows Open: 3.51 ACH I»
[$]
5 1000
O M
N
g 500
[8)
0 : : : : : : : :
0 20 40 60 80 100 120 140 160 180

Time (10 second intervals)

Window Closed Infiltration Rate

3000

\
)

2500 1 | Windows Closed: 0.21 ACH |
2000 %

1500

1000

500

CO2 Cocentration (ppm
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Figure 23.

City Academy, Bristol:

A relatively high natural infiltration rate was measurethia representative Bristol
Academy classroom. Testing was conducted during term-tima grmuind floor BB87

(damped mechanical ventilation) was made available. Theatgilsystem was
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switched off and left off for a reasonable period befostirtg commenced. The
measured infiltration rate was 1.65 ACH.

Ground Floor, BB87 Classroom Ventilation Rate Test

3000

2500 Windows Closed: 1.65 ACH |+

2000 —\\

1500 +

1000 ~
500

CO2 concentration (ppm)

0 T T T T T
0 50 100 150 200 250 300

Time (10 second intervals)

Figure 24.

Temperature data was collected for the previous 11 daysdiassrooms throughout the
school via the BMS. Analysis of the representative ohasss (including the ventilation
rate test room -green) is shown graphically below. Result®estttat the tested
classroom suffers from low temperatures due to the uncontroifditieation rate, but
that this is not necessarily representative of the othestmoms throughout the school.
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Temperature (degC)
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‘—AO 16 Room —DO 22 Room R11 Near Vent Test Room —R08 Vent Test Room ‘

Figure 25.
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Ventilation measurements in Greek buildings

Measurements were carried out in representative five ddfieas of different orientation
for the detection and evaluation of internal pollutants. Carbon dios&tbpn monoxide,
particles (PM 10, 2.5 and 1) and Volatile Organic Compounds meretored using the
tracer gas technique. The monitored ;C&ncentration is shown in the table below.
During the whole period of monitoring the concentration was belowettpgired levels.
According to the ASHRAE standards the limit exposure for, @1000 ppm for a
continuous 8 hour exposure while according to the Technical Chamber eteGitee
maximum allowable exposure is 6000 ppm (. . . . 2425/86).

Figure 26: Monitored CO, concentration (ppm) in representative office areas

The monitored CO concentration is shown in the table below. Duringttbke period of
monitoring the concentration was within the comfort levels. Adiogrto the ASHRAE
standards the limit exposure for CO is 9 ppm for a continuous 8 hour espobile
according to the Technical Chamber of Greece the maximawaile exposure is 48.03
ppm (. . . . .2425/86).
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Figure 27: Monitored CO concentration (ppm) in representative office areas
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0. Barriers to use

Within the project report D9, the issues of barriers tadke up of innovative ventilation
systems are addressed. This is addressed in two partststisédrter part is a discussion
of the whole range barriers to these systems. It islhas¢he knowledge of the project
team, and a workshop held in Gent, Belgium in 2008. These iaseiesmmarised as
follows

Difficulty in ensuring satisfactory conditions.

Suitable location.

Increased complexity for the designer.

Increased complexity for the product manufacturer.

Warranty period.

Low energy prices during the last decades.

Different priorities for building investor and building users.

Payment schemes for designers and consultants.

Lack of performance oriented standards and regulations.

Limited attention for indoor environment and energy efficiencproject specific
requirements.

Lack of clear and consistent messages towards decision makers.

Lack of control and/or need for more refined control (including c@sioning.)
Difficulties for detecting lack of quality.

For many of these issues this project can do little moreitkeatify them. However the
first two items are the main topic addressed in thedp®nt, through a set of modelling
studies of buildings. This set out to help designers underdiartgges of issues that will
arise for designing ventilation systems. This is in tesfmghere the building is in climate
terms, where it is in city location and what type of building and how this affects the
outcome. There can be no general solution to this problem, lageitding will need to
be analysed individually, but these studies given indicatiortseddlitection to be taken.
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7. Communication

The most important outputs from the project are the building brochiimesxample of
the layout is set out here, in order to explain the strutkeireg used. The basic principle
was to provide a set of case studies that enabled desigrieke tideas and apply them
successfully. Therefore sufficient information needs to beiged to explain the context
in which the ventilation technologies have been applied. Thigmsure that the
solution’s strengths and weaknesses can be fully understood.

The front page shows the building and its name

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
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The first page introduces the project, its location and loasés This is followed by a
building plan, and other information.
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The next section describes the ventilation system in mor#. détes is followed by the
performance section, starting with energy performance.
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The performance section then continues with the indoor envirorseetibn, and then
the user satisfaction data. The final part contains desggohs and any other
information.
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The final page is the same for each and summariseauitténg AdVent project. All
brochures are available from the websitewav.buildingadvent.com

To support the brochures, a suite of teaching materials hanalbgeloped to be used by
university course and CPD seminar leaders. The suite consistenty power-point
presentations. Eighteen of these profile the individual buildings.tWo remaining
presentations provide an introduction to advanced ventilation systedia conclusion to
the project as a whole.

An example is reproduced here:

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
European Buildings
Page 37 of 49



Intelligent Energy — Europe SAVE, ALTENER, STEER, COOPENER, Horizontal Key Actions

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
European Buildings
Page 38 of 49



Intelligent Energy — Europe SAVE, ALTENER, STEER, COOPENER, Horizontal Key Actions

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
European Buildings
Page 39 of 49



Intelligent Energy — Europe SAVE, ALTENER, STEER, COOPENER, Horizontal Key Actions

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
European Buildings
Page 40 of 49



Intelligent Energy — Europe SAVE, ALTENER, STEER, COOPENER, Horizontal Key Actions

The Application of Advanced Ventilation Systems for Reduced Energy Consumption in
European Buildings
Page 41 of 49



Intelligent Energy — Europe SAVE, ALTENER, STEER, COOPENER, Horizontal Key Actions

All slides are available in Danish, Finnish, Greek andugorse.
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Other dissemination

Communication was the fundamental element in this projectsatige dissemination
strategy was central to its success. We targetedi@ty of channels for communication:

Published articles.

Conference presentations.

Project newsletters distributed through partners’ networks.
Own websitewnww.buildingadvent.com

Websites of other linked organisations.

Teaching within partner universities.

The reader is encouraged to make use of the wealth of res@awvailable on the project
website.
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8. Performance Indicators and Project Impacts

In order to assess and assure the impact of the projecalspegormance indicators have
been monitored and are detailed here.

8.1 Article Publications

The following articles have been published on the project iREidVA and national
journals and major conference proceedings:

1. Maria Kolokotroni and Peter Warren. Building AdVent — Examplehe
use of advanced ventilation technologies in buildiRRgeceedings of
Indoor Air 2008 17-22 August 2008, Copenhagen, Denmark, pp 6.

2. Peter Warren. Projects: Building AdVent - Examples of Advednce
Ventilation Systems*REHVA journal September issue, pp 42-45.

3. Jarek Kurnitski, Maria Kolokotroni, Ifigenia Farrou and Peteari@n.
Building AdVent project demonstrates advanced ventilation techresogi
for good indoor climate and energy performafEHVA journal
December 2008, Volume 5, issue 4, pp 48-53.

4. J. L. Alexandre, M. Silva and A. Freire: Energy Effiaggrof Advanced
Ventilation Techniques in Non-Residential Buildings and TheiriBesy
Proceedings of AIVC conference 208@rlin, October 2009.

5. National seminar article, Finland: Keto M, Kurnitski J. Kahden
toimistorakennuksen lamdoviihtyisyysmittausten ja sisdilmaskgisn
tuloksia (Long term assessment of indoor climate in two offidklings
with measurements and occupant questionnaire, in Finnish).
Sisdilmastoseminaari 200&spoo 18.3.2009. SIY Raportti 27, pp 247—
252.

6. Jarek Kurnitski, Maria Kolokotroni, Ifigenia Farrou and Peteark@n.
Advanced ventilation technologies for good indoor climate and energy
performance demonstrated in Building AdVent projecaceedings of
Healthy Buildings 200913-17 September, 2009, Syracuse NY USA.

Three information papers were published by INIVE:

1. ‘Trends in the building ventilation market and drivers for chabgeMaria
Kolokotroni.

2. ‘Trends and drivers in the Finnish ventilation and AC markgtlarek
Kurnitski and Olli Seppanen.
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3. ‘An overview of national trends related to innovative vetitlasystems’ by
N. Heijmans, P. Wouters and P. Heiselberg.

In addition to the original publications, all articles listeere used to extend AIRBASE,
the bibliographic database of the AIVC. Sesw.aivc.org/airbase/airbase.html

To increase awareness further two of the case study brgalare reproduced in issues
of the REHVA journal: Frederick Lanchester Library, in voku#® - issue 6, and
Christophorushaus, in volume 47 - issue 1.\8e®.rehvajournal.com

8.2 Project Website

Google analytics is embedded in the Building AdVent websitadnitor visitor
behaviour. During the period from 13th April 2008 to 21st February 2B&Qyebsite
received over 1188 visitors from 79 countries (this figure onlyahes genuine visitors —
not ‘bouncers’). The major European countries (e.g. UK (422), Portligd) Belgium
(101), and France (92)) display the highest degree of inteuestiterest from further-
afield is also present - e.g. US (50), Brazil (37), Rugk2).

Site visitors are, in the largest minority of casefemred to the site from another
website (42.35%). Direct traffic, where visitors speclficanter the site’s address, is also
high (36.4%). Visitors finding the site via search engines ordgwatt for 21.31% of total
traffic to the site — see figure 28.

Figure 28.

When on the site around a quarter of visitors’ page viewsfale homepage, as would
be expected. The second and third most viewed pages aeatheng materials and
brochures pages, respectively. This is considered to besheuieome and shows the
website is functioning correctly. The aim of the projegdrimarily to disseminate
information on the reviewed buildings through the teaching nadéeaind brochures. It is
evident that visitors proceed from the homepage to view and daettie teaching
materials and brochures, in most cases — see figure 29.
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Figure 29.

The number of visitors to the site is generally rising tangltrend is expected to continue.
An overall average of 57 visitors per month has been drcef®r the past 5 months, with
a notable peak of 142 visitors in October 2009: the month iohathe Webex seminar
was held.

8.3 Conference and Webex Sessions

Four conference sessions and one internet-based Webex sesiaedreld for Building
AdVent:

Trends in national building ventilation markets andrivers for change.

Ghent, Belgium, 18th — 19th March 2008.
An initiative of AIVC organised by INIVE EEIG in collaboratiavith REHVA
and with the European SAVE Building AdVent and SAVE ASIEPI mutsje
(69 attendees)

11th International Congress on Indoor Air Quality rad Climate (Indoor Air 2008).
Copenhagen, Denmark, 17th — 22nd August 2008.
A forum organised under the auspices of the congress the RuAdiVent-
project and REHVA to discuss the need for European Guideiméstandards on
ventilation.
(65 attendees)

Summer Comfort and Cooling.

Barcelona, Spain, 31st March — 1st April 2009.
An initiative of AIVC organised by INIVE EEIG in collaboratianth REHVA
and with the European SAVE Building AdVent and SAVE ASIEPI moisje
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(57 attendees)

30th AIVC Conference: Trends in High Performance Bldings and the Role of
Ventilation. Berlin, Germany, 1st — 2nd October 2009.
In conjunction with the 4th International Symposium on Building Bodtwork
Air Tightness (BUILDAIR).
(181 attendees — for whole conference)

Building AdVent: Findings from the Project.

Webex Seminar, 14th October 2009.
An open web-based seminar organised by Building AdVent to préseptdject
findings and answer questions.
(33 attendees)

8.4  Teaching Material in University Courses

AALBORG UNIVERSITY
Aalborg University offers two M.Sc programmes, where effitiand low energy
ventilation are relevant and important subjects. These are:

Architectural Design and Engineering. (104 students, spring 2010.)
Indoor Environmental Engineering. (17 students, spring 2010.)

The results of the Building AdVent project will be implemezhtn the M.Sc.
course “Passive and Low Energy Technologies for Buildings’¢chvisi offered at
the 8" semester in both programmes.

The results will also be implemented in:
Ventilation Technology. (40 — 50 participants per year.)

This is a 6-day CPD course offered by the Danish AssociatibivaiC
Engineers, which is managed and taught by lecturers from Aglhdrersity.

HELSINKI UNIVERSITY OF TECHNOLOGY
At Helsinki University of Technology, the Building Advent teatg material is
incorporated into the basic course of ventilation:
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Ene-58.3113 limanvaihtotekniikka.

The Building Advent buildings are also used in the lectures 6R&RC
introduction course:

Ene.58.2101 Taloteknisten jarjestelmien perusteet.

This is a course aimed at a wider audience at the uniersit

NATIONAL KAPODISTRIAN UNIVERSITY OF ATHENS
The Physics Department of NKUA offers graduate and postgradoatses that
cover low energy issues relevant to building and ventilatioicsofphe Building
AdVent material will be implemented as part of:

Renewable Energy Sources. (80 students per year.)
Building Physics. (18 students per year.)

These are graduate studies and post-graduate studies coupsetjwely. The
first is taught in the 6th semester leading to the degfré®e physicist and is
taught by Dr Margarita Asimakopoulou and M. Santamouris. The sé@mnd
duration of 6 months and is taught by Professor Mat Santamouris.

FACULDADE DE ENGENHARIA DA UNIVERSIDADE DO PORTO
The lecture material developed in the Building Advent projéitte included in
the integrated MSc course of Mechanical Engineering. Substaratatial will be
part of the main subject of ventilation chapter in:

Building Design and HVAC System (EM0056 - Climatizacao). (30+
students per year.)

This course leads the student to understand the first stepgdimg efficient
thermal and HVAC design. The students must be able to desaygy friendly
HVAC solutions and get ready for the working market.

BRUNEL UNIVERSITY
The AdVent material will be incorporated within the curricul of the Masters
course in Building Services Engineering at Brunel Universitige Masters is
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delivered at the campus and distance learning with an infakere than 100
students each year. Building AdVent material will be useterfollowing
modules:
Module ME5545 — Energy Efficiency Ventilation for Buildings. (70
students, 2009/10.)
Module ME5513 — Building Services Design and Management. (90
students, 2009/10.)

Module ME5545 started with the results of Vent Discourse prajed now it will
be further updated and enriched with the results of the Builslitent project.
Module ME5513 includes lectures on post-occupancy evaluation|dirigs and
results from Building Advent will be used to update case-ssyatiesented to the
students. The materials sent to distance learning studerdsben updated to
include Building AdVent results.

In addition, the results of the project will be used fordees to undergraduate
students in Mechanical Engineering and in particular in moduiels as:

ME3301-Business and the Environment. (120 students, 2009/10.)

8.5 Distribution Lists

The three project newsletters and the invitation to thedBiglAdVent webex seminar
were all distributed to the REHVA, INIVE and UIA-ARES dlibution lists. The second
and third newsletters clearly referred readers to thieliBg AdVent website to obtain the
produced materials and information.

The 18 case study brochures have been uploaded to EU BUILD inéhadual reports —
seehttp://www.buildup.eu/The brochures were also added to the UIA-ARES website
informing around 1.5 million architects about the studies conductedwavw.uia-

ares.tee.qgr/
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