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ABSTRACT

This paper considers the functional requirementsboilding

energy performance laboratories with advanced dhiyato test

and develop innovative building envelopes and systefhe aim
is to contribute to an ongoing discussion on thariof building
energy performance testing, which leads to the ¢ementary
development of new test facilities and methods adothhe world.
The development of whole building simulator laborags with

the capability to test the energy and environmegmealormance of
full-scale buildings is considered in light of ptiaes used in fire
performance and seismic structural performanceinggstThe

design and use of building energy performance ktodes able
to mimic dynamic outdoor and indoor conditionsiscdssed.
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1. INTRODUCTION

The building industry has entered a period of iagenif not
radical, innovation due to changing sustainabifigrformance
requirements for new and existing buildings. Coesidfor
example, recent changes in building energy effjaregulations
in Australia. Insulation regulations were firstrimduced in the
State of Victoria in 1991, increasing the typicakmyy efficiency
rating of new houses from 1 star (uninsulated hpts@.2 stars.
Twenty years later the minimum requirement incrdase6 stars.
More stringent future requirements are being pldnfig and a
requirement for net zero-energy buildings can heeeted within
the next 10-20 years, if policy developments indper and the
USA are any indication. This level of performanan mot be
achieved through traditional strategies, such @plyi increasing
insulation levels. Technologies such as thermalsmiasv-grade
thermal energy heat exchangers and solar powernged to be
deployed [2].

Achieving large, widespread and reliable improvetsein the
sustainability performance of buildings in an adfable and cost
effective manner is a difficult innovation challengrhe need for
new and advanced building materials, envelopegesgs and
designs, and the rate at which energy efficiengulegions are
tightening, contribute to the difficulty. The inration capacity of
the building industry has to be developed in ordemeet this
challenge. This paper focuses on the developmenénefgy
performance laboratories with the capability td the energy and
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environmental performance of full-scale buildingvelopes and
systems under dynamic outdoor and indoor conditiomduding
solar. We call this type of facility a whole buitdj simulator. The
rationale for developing these facilities and thé&inctional
requirements are considered in light of practicesduin fire
performance and structural performance testing. ifitention is
to contribute to a discussion on the future of dindy energy
performance testing, leading ultimately to the ctam@ntary
development of new laboratory facilities and parfance tests
around the world.

2. RATIONALE

There is renewed interest in full-scale dynamitinigsof building
energy and environmental performance [3, 4], algfnodiscussion
on this topic tends to focus on testing the iniserperformance
of buildings in the field [5, 6] rather than labtogy testing under
controlled conditions. Whole building simulatorsncgield data
on the climate-design-performance relationship afilding
materials, elements (e.g. walls), sub-assemblieg. (shaded
photovoltaic windows) and systems (e.g. lightingteol), that
cannot be obtained by other methods, or at leaseasily. Data
from simulator tests may be used to:

1. Develop a better understanding of the nature ofraad
energy flows in buildings and the climate-designfgrenance
relationship.

2. Validate and improve building energy models.

3. Develop and assess novel new building materiaiglepes
and systems.

These objectives are linked in an innovation-knalgke cycle [7],
as shown in Figure 1, so each is important for pieg the
building industry’s innovation capacity, as disatdelow.

Apply
Develop and assess new ¢ knowledge Validate and improve
building technologies ¢ building energy models
Gain Apply
evidence knowledge Share
and knowledge
experience Develop better

——» understanding of building
performance

Figure 1. Innovation-knowledge cycle



2.1 Develop and assess new technologies

Detailed empirical evidence of the in-service epgrgrformance
of building envelopes and systems and how theygffee energy
and environmental performance of buildings is adamental
requirement of an effective innovation-knowledgeley Gaining
evidence is difficult because building performange complex
function of many parameters. Improved methods ésting and
analysing the in-service performance of occupieddimgs will
undoubtedly benefit the building industry. But fmnovators a
more urgent need is the ability to test the perforoe of novel
technologies over a range of conditions before tueypressed
into service.

Measured data from unoccupied test rooms, or &k, @xposed
to outdoor conditions are useful for testing andeasing the
performance of building elements and systems [®wéler, test
rooms have limitations that reduce their usefulnessnovators,
including:

1. Performance assessments are limited to the outsiwalitions
at the test room site over the course of the test.

2. Costly long-term tests (i.e. one year or more)rageiired to
assess seasonal effects on performance.

3. Costly side-by side test rooms, with attendant ttacgies
about differences in constructions and microclimatee
required for comparative performance assessmemti$fefent
envelopes or systems.

4. Normalisation of data, with its attendant uncetias is
required when comparing test results from diffefenations
and/or time periods, to account for different owtdoimates.

5. Simulation, with its attendant uncertainties, iguieed to up-
scale test room results to predict performancelirstale
occupied buildings [9].

6. Test rooms can be difficult to modify for new usesce the
original project for which they are constructed¢danplete.

7. Information on occupant behavior cannot be gaineoh test
rooms.

Compared with test rooms, testing over a wide rafg®nditions
can be performed relatively quickly in a whole Hirlg simulator.
The ability to test under controlled conditiongiso an important
advantage, as it enables researchers and innovatensdertake
parametric studies. And of course it enables perdmice to be
assessed under prescribed conditions, againstastidrinally,
the convenience and efficiency of producing testcspens and
conducting tests in an indoor facility should netdverlooked.

A drawback with whole building simulators is thatis difficult
and costly to mimic the outdoor climate, especiadiytreme
temperatures, wind, solar radiation, sky long weadiation and
precipitation. Also, they do not provide information occupant
behavior and depending on the size of the fadlityulation may
still be required to up-scale results.

Parallel developments in full-scale dynamic testamg occurring
in other branches of engineering. For example, dlitfa for

testing the fire performance of full-scale struatusystems or
components (up to 2 storeys) subjected to realifites and
structural loading under controlled conditions hesently been
constructed in the US [10]. The rationale for tfaisility mirrors

that given in this paper: data and information gdirirom full-

scale dynamic testing under controlled conditiaegsential for
the development of new knowledge, improved modbister
standards and innovative building technologiesraathods.

Facilities for full-scale dynamic testing of seismstructural
performance have been operating for decades in fahnyatories
around the world. Seismic testing is well advancethpared to
building energy performance testing. This is highied by the E-
Defense shake table in Japan, the largest eartheiatulator in
the world that can test buildings up to 22 m highjghing up to
1200 tonnes [11]. Data and experience gained freismsc tests
have been used to develop earthquake resistamtims| design
methods and codes. The benefits of these innowativaere
highlighted recently by the performance of buildinduring the
series of earthquakes near Christchurch, New Zd4lE2].

Selected existing facilities with the capabilitytest the dynamic
energy and environmental performance of full-schlglding

envelopes and/or systems are shown in Table 1.e/is list is
not meant to be exhaustive, it shows there is & tasel of

capability within the building research communigthough very
few facilities can perform tests under controllednditions,

including solar.

2.2 Improve models and knowledge transfer
Improving sustainable building design practiceptigh using test
data to develop better building energy models aintulation
tools, is a key benefit of whole building simulatofo maximise
benefits a collaborative network of researchersighbe created
to facilitate data sharing and a coordinated apgrda simulator
testing. Well-developed methods for using test rodata to
validate building energy models [13] can be adapted
simulators. However testing protocols for simulatwiill need to
be developed.

Sustainable building design is best practiced lojgssionals with
practical expertise in building physics, energyteys and climate
systems. The rationale for the proposed simulatoREIT
University includes using the facility in postgrade teaching and
training programs in the design, engineering andagament of
sustainable and energy efficient buildings.

3. FUNCTIONAL REQUIREMENTS

3.1 Envelope performance

The philosophy behind the design of the whole bagdimulator
is to develop a facility that tests the performamdéebuilding
elements or sub-assemblies rather than individuatenals.
Therefore rather than measuring the thermal condyctof a
single material in a guarded hot box, the overafattor of a
system containing a number of materials, with ssibs complex
geometry would be measured. The simulator mustapable of
examining the issue of moisture movement and tlfiectsf of
interstitial condensation on the thermal perforneanaf the
envelope, hence it should expose the surface otlgments to
varying humidity and also incident solar radiatimnexplore the
drying and heating effects.

The building elements under test would contain lagghque and
transparent elements. The ability to measure ggdars through
the transparent elements via solar calorimetrydsirdble. The
simulator would be designed to allow controlledhaating tests,
for accurate system heat loss measurement. Theléssents may
well have complex non-planar geometry, combiningieal wall

and horizontal roof elements. The solar lamps ef shmulator
need the ability to mimic the suns movement actiossky vault.



Table 1. Selected whole building simulator laboratories
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VERU [14] Fraunhofer IBP, | Three-storey reconfigurable outdoor test buildingtaining six
Germany test cells on each floor, which can be examinediddally or in
combination to study concepts of open-plan officemeeting Y Y
rooms.
IEQ Lab [15] University of Indoor facility with two test rooms and an outdsgnulation
Sydney, Australia | corridor that runs past windows in both rooms. Re@md Y
outdoor corridor can be set to independent contio
FLEXLAB (under |Berkeley Lab, USA Large multi-building facility incporating indoor test areas with
construction) [16] four test beds, including a rotating test bed ahslcastorey test Y Y Y
bed.
Building Envelope | Concordia Indoor test facility with two chambers representindoor and
Performance Lab | University, Canada outdoor conditions. Y Y Y
CFI [17]
Building Oak Ridge Nationallndoor and outdoor test facilities including a kygrale climate
Technologies Laboratory, U.S.A.| simulator, rotatable guarded hot box, roof therraaéarch
Research and apparatus and envelope systems research apparatus. Y
Integration Centre
[18]
Carrier TIEQ and | Syracuse Centre of TIEQ is a large indoor facility with the capability simulate
BEST Labs [19, 20]Excellence,USA | multi-zone office and classroom settings, and varieentilation,
air distribution and environmental control techrgis
incorporating micro-environments. Y Y
BEST has the capability to test 34 wall-assemisdy panels under
outdoor conditions.
Minbat [4] Centre for Thermal Indoor facility with two test cells. One face ofickis adjacent to
Sciences of Lyon, |a climatic chamber and the remaining five sidesfaeemally
France guarded. Walls and indoor volumes are equipped mitherous Y Y
sensors, and both cells can be ventilated, heebeded, etc.
Kubik [4] Tecnalia, Spain Three-storey reconfigueabutdoor test building with
conventional and renewable (geothermic, solar andyenergy Y Y
sources.
Salford Energy University of Indoor test facility comprising a full-scale, fullynctioning house
House [4] Salford, UK within a controlled environment laboratory. Y Y




External chamber (min. dimensions 6 m x 8 m x
6 m) controlled to represent outdoor conditions

Solar simulator light array on a tracking
system for solar zenith angle control

Inner reconfigurable chamber controlled
to represent indoor conditions

Conditioned air supplied to external chamber
through raised floor

Turntable for solar azimuth angle control

Conditioned air supplied to inner chamber

through flexible ducts (not shown)

Figure 2. Environmental chambers concept for a whole building simulator

3.2 System performance

An example of a complex building system element seho
performance could be evaluated using the whole dimgl
simulator is a fagade-integrated PV system. Th#opeance of a
PV system integrated into a double facade designrien-trivial
problem. The efficiency of the PV system is a fioctof the
panel temperature, the temperature behind the pi@peindent on
solar gain, and convection loss at the panel anthénfacade
cavity. Ventilating the facade improves PV perfonta, the
removed heat could then be used in the building. Adat loss of
the facade is affected by the temperature in thétycaThe
complex feed-back loops between cavity ventilatamd PV
temperature would be best studied in a controligdoratory
environment such as the proposed whole buildingisitar.

3.3 Facility design

Design of the whole building simulator proposed RWMIT
University, shown in part in Figure 2, allows foyndmic control
and measurement of all the major variables thatcaffieat and
mass flow in a building element.

The facility comprises two temperature and relathuamidity

controlled environments, or chambers. The extemt@mber
represents the outdoor conditions the externalasarfof the
facade would be exposed to (air temperaturfC-50 40°C; RH

10% to 90%), and the internal chamber represergsirttoor
conditions the internal surface of the fagade wdiddexposed to
(air temperature % to 30°C; RH 10% to 90%).

The external surface of the fagade needs to bebtmaé being
exposed to a controlled source of simulated sadration (100
W/m? to 1000 W/rf) with a spectrum complying to ASTM E927-
05 standard, Class C. The solar simulator lightyawill be
mounted on a tracking system that allows the selrith at
different times of the year in different geogragiocations to be
simulated.

The simulator will be designed to a specificatidratt allows
facade U-factors to be measured according to 1S69:9894
Thermal insulation - Building elements - In-situ asarement of
thermal resistance and thermal transmittance.

The inner chamber will be designed to be easilpmégurable

and can have dimensions up to approximately 3 mnx>33 m.

The external chamber must be relatively large tcompass the
inner chamber and a solar array. A minimum siz@ ofx 8 m x 6
m is suggested. Conditioned air is supplied seelgréd the inner
and external chambers by two HVAC systems.

The chambers need to be instrumented so that sudatperature
(+/- 0.2 °C), relative humidity (+/- 5%) and hygrothermal
conditions at points within multi-layered facaderaénts to be
measured, allowing comparison with heat and maassfer
simulation tools such as Wufi to be made. The incteamber
requires the option to fit a window solar calorieretcomplete
with mask wall, active thermal guard, flow loop,daabsorber
panel to measure the optical and thermal performafifacades.



In addition to controlling air temperature, humydiand solar
irradiance in the external chamber, it would beirde$e to have
the ability to control wind speed as this would l@eair tightness
and weather tightness testing. This is not beintsickered at this
time because of the high cost of incorporating mdatuinnel into
the design.

The walls of the external chamber are likely tofiked-in-place
insulation panels. The option of being able to rdigure part of
the chamber’s envelope that is exposed to ambiemditons is
being explored. This would potentially increase tisefulness of
the facility by enabling it to serve the dual fuoaos of test room
and whole building simulator.

4. DISCUSSION

This paper argues the key role of whole buildingwdator
laboratories in developing the innovation capaoityhe building
industry, as it responds to the challenge of dedietp cost-
effective technologies for the next generation obtainable
buildings. It is also argued that these facilitee® needed to
improve building energy models and the capabilitgustainable
building designers, both of which are importantdeveloping
innovation capacity.

Whole building simulator laboratories need to béeab test the
energy performance of full-scale building envelopes systems
under dynamic conditions. They need to accounalicthe major
variables that effect heat and mass flow in a lngdelement,
which includes solar. The design of these laboiagowill vary
with the needs and budget of each developer. Effectiveness
will be maximised if they are designed and operatgthin
international agreements covering design, testirgopols and
data exchange. The purpose of this paper is toribotg to a
discussion that leads to this outcome.
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