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Abstract

Very few existing tall buildings comply with current energy and sustainability performance
requirements. An innovative fagade solution, “MFREE-S Closed Cavity Fagade” (CCF), has recently
been developed which merges the benefits of high-rise buildings (provision of daylight and
external views) while meeting performance criteria such as low energy consumption, high
user comfort, low long-term maintenance, as well as low initial and long-term costs. This paper
compares the performances between the MFREE-S CCF and the traditional single and double
skin fagades by means of detailed simulation tools for energy, thermal and acoustic comfort
assessments. The value of such assessments for tall building projects during early design phases
is demonstrated and two example projects are given where the holistic design approach has
led to improved sustainable and cost-effective solutions for highly transparent buildings.

Keywords: Closed Cavity Facade, Dynamic Fagades, High-Performance Facades
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Introduction

For high-rise office buildings the facade is the
largest surface area of the building perimeter
where direct heat exchange between the
outside and inside environment takes place
and therefore can contribute significantly to
achieving more sustainable buildings. Due to
stringent energy and environmental targets
set by governments and higher comfort
requirements (thermal, daylight, acoustics,
outside view) required by clients and tenants,
traditional fagades in high-rise office buildings
face difficulties to comply.

Different facade technologies have developed
in the past in order to comply with all the
above requirements for high-rise buildings on
which double skin facades (DSF) are mostly
applied.

Although DSF technologies have been
successfully integrated in numerous landmark
buildings around the world, the following
additional requirements to current DSF's are
demanded by clients:

« elimination of interstitial condensation
risks on glass surfaces between the
two skins;
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Figure 1. Different facade types (Source: Permasteelisa Group)
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« areduced cleaning frequency of the components in the
ventilated cavities in order to reduce maintenance costs;

« areduced access frequency by cleaners in the building because
some tenants of offices (banks, law firms,...) experience this as
disturbing, it can generate issues on security (e.g. confidential
information, etc);

« an increased ‘effective net-lettable area’ by eliminating the
opening of internal windows for access to the ventilated cavity
(requires regular moving of furniture or effective usable space
loss).

Recently a new generation of DSF, the MFREE-S Closed Cavity Facade
technology (CCF technology) has been developed by the R&D group
of the Permasteelisa group and their research partners in order to
provide solutions to the above mentioned requirements of clients
regarding current DSF’s.

A comparison between traditional facades and the novel CCF
technology is needed to relate their performance requirements such
as energy impact, thermal comfort, acoustic comfort, condensation
formation, cleaning cost and access frequency, overall project cost,

c... Software analysis tools have been developed for detailed
quantitative performance assessments such as energy consumption,
thermal comfort, and acoustic performance. Qualitative evaluation is
also provided for the other facade performances.

Different Facade Type Overview

In this paper the performance parameters of the following dynamic
facades types are evaluated (see Figure 1):

Traditional facades
SSF:

« Interactive Wall® (IW): the IW is a DSF which consists of a single
glazing toward the outside and a DGU toward the inside
creating a ventilated air cavity where blinds can be integrated
and air flowing from outdoor through the cavity returning back
to the outdoor via stack and/or wind effects;

o Active Wall® (AW): the AW is a DSF with a single glazing toward
the inside of the building and DGU toward the outside, with
the indoor return air passing through the cavity of the DSF and
then returning to the mechanical ventilation system.
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Figure 2. Temperature profile of AW in Passys test cell and simulation tools (Source: BBRI
/ Permasteelisa Group)
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New Facade technology

 Permasteelisa MFREE-S Closed Cavity Fagcade (CCF): the CCF
has a fully sealed cavity and the same glazing and blind
configuration as an IW. A very low volume of dry & clean air
supply is used to prevent condensation and dust within the
cavity at all times. A detailed analysis software tool 'DSCAT"is
developed to design the air supply system in order to condition
the cavity air (Laverge et al, 2010).

Detailed Dynamic Whole Building Simulation Tool ‘Capsol-
Excellent’

In order to obtain reliable predicted energy performance for office
buildings with dynamic DSF systems with cavity ventilation, it is
important to use whole building simulation tools with control volume
method module (Saelens, 2006). Therefore a software program
‘CAPSOL-Excellent’has been developed as part of a Permasteelisa
Research Program based in collaboration with research partner
Physibel (De Bleecker et al, 2007) and used in this study. The base
engine of the software is'CAPSOL which was validated against
numerous international standards (Physibel, 2002). In the research
program ‘Active Facade project’ (BBRI, 2002) evidence was given that
reliable assessments can be done when using such detailed dynamic
whole building simulation methods. An example is given in Figure 2
indicating temperature profiles of an Active Wall® measured during

a steady state period and results using different software tools. The
temperature profile achieved with CAPSOL-Excellent was in very good
agreement with the measured results from the Paslink test cell.

Impact Of Properties And Type Of Transparent Facade Systems On
The Energy Performance Of A London Office

In this section, detailed energy analysis is provided for an office room
of a high-rise building as described in Figure 3.

A comparative study of seven different high transparent fagade
configurations is performed in order to assess the impact of facade
selection on the entire yearly energy consumption. The facades differ
from each other by varying the thermal transmittance of the glass (by
the number of glass layers: single, double and triple glazing); the solar
transmittance of the glass coating (clear, low-e, high performance)
and the type of glazing system (single skin facade, DSF with internal or
external ventilation flow, novel MFREE-S CCF technology).
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Figure 3. Representative office room in high-rise building with south facing facade and
building parameters (Source: Permasteelisa Group)
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Figure 4. Impact of facade type on the energy consumption (Source: Permasteelisa
Group)
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Figure 5. Representative office room with East facing facade and building parameters (Source: Permasteelisa Group)
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The following results are presented in Figure 4:

 The conventional steady state performance parameters of the
glazed system in accordance with ISO15099 (2003): U-value,
g-value, LT-value and internal surface temperatures;

 The yearly total primary energy consumption of the office
spaces by means of detailed dynamic whole building
simulation (CAPSOL-Excellent): heating, cooling and overall
energy consumption on a yearly base per square meter office
floor at the perimeter of the building.

Comparing the overall energy consumption on a yearly basis, it is clear
that Facade3 with DGU and high performance coating has a lower
energy consumption (mainly due to reduction in cooling energy)
compared to Fagade2 for which a clear low-e coating is used. In order
to be able to use highly transparent facades, it will be a challenge to
reduce the overall energy consumption concentrating particularly on
the reduction of the cooling load (De Bleecker et al, 2004).

The dynamic whole building simulation analysis also shows that for
the example office room, the triple glazed solution (Facade4) with a
U-value of 0.78W/m2 K has a higher energy consumption than a CCF
(Fagade?) with a higher U-value (1.07 W/ m2.K). Although the g-value
for the triple glazed system (g=0.52) is marginally lower than the CCF
(g=0.55), the lower cooling energy for the CCF (Facade7) is due to
the lower g-value when the blinds are down during the higher solar
intensities (g=0.15 for Facade7 instead of g=0.36 for Facade4).

The results from the dynamic whole building simulations indicated
that both DSF configurations (AW and IW) have a much lower cooling
energy than the single skin fagade systems (clear double, triple

and single glazing). The strong variable differences in performance
parameters for DSF's (U-value and g-value in function of the blind
settings and ventilation flow) are at the basis of the lower yearly energy
consumption for DSFs. Similar conclusions were found with other
dynamic glazing systems such as electrochromic glazing (Carmody et
al, 2004). Too many national regulations are based on strict steady state
targets, e.g. U-values, whereas the detailed analysis show that dynamic

transparent DSF and CCF systems have the potential to save more
energy on a yearly basis.

Energy, Thermal And Acoustic Comfort Performance Comparison
Of A Perth Office

Energy comparison
For this second study an office building in Perth (Australia) was
investigated (see Figure 5) and energy results are presented in Figure 6.
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Figure 6. Energy simulation results for traditional CW and CCF (Source: Permasteelisa Group)
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The energy consumption calculations of the office room in Perth with
two different fagade systems (HP DGU and CCF) lead to the following
conclusions:

« DGU with clear glass and internal blinds results in very high
cooling energy (fagades LIl

Configurations Il and Il (use of DGU with air and argon
respectively) show that in certain climates lower U-values

do not necessarily lead to more energy saving. This clearly
demonstrates the need and benefit of using dynamic detailed
whole building simulation tools rather than fixed steady-state
performance parameters targets from regulations or simplified
dynamic simulation tools with fixed secondary parameters
(U-values, g-values,...) (Saelens, 2006).

« The effect of using automated internal high-reflective blinds
have some impact for both clear (I versus Il) as dark glass (IV
versus V) but the impact is most impressive for the CCF systems
(VI versus VI, VIII, 1X).

All CCF fagades with automated blinds (VI, VIII, IX) have a much
lower energy consumption than the traditional transparent
facades with automated internal blinds (I, Ill). In order to

bring the energy consumption of the traditional fagade with
very dark/reflective glass with automated blinds to a similar
energy performance as the CCF fagades (VI, VIII, IX), a light
transmittance of as low as LT=0.20 was chosen (facade V). The
energy consumption of a curtain wall with very dark glass (VI)
(LT=20%) is still higher than that for a transparent CCF (LT=63%)
(although the electricity use for the lights are not yet added to
the comparison). Note that for such dark glass (V) an increase
of energy consumption for electric light can be expected
(Simonella et al, 2003) to also impact the outside view out.
Dark glass facades have been reported from occupants having
depressed feelings by getting the impression that the weather
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FEMESNIE, AREBHRECHFERESEA R
HARAKHATF T FBOOFER. MCCFHEET 5 misd
EHFE R A ATRER R, XA RAE oL F
(Carmody et al, 2004) ,

o ANEATREMFTZEHIE, 2 FHCCFEE
(VI, VIII, IX) EAHEARET L AESE (LD , EFR
EILTME S B HCCF (VI, VIII, IX) BF#EMZEN, X2
B A AFERIRAE, 7 ATACCFA A EH 2T %,
W BT CCP A 3 47 AR AR LB T oK 3 4T 5 ROA PR 34 58 4T
##% (SHGC/gf) .

TR ETE EXT

o 25 B 35 R JE 4 BT 4 L B ACAPSOL-Excellent #4804 T A 4
F oo FTERT BHMBHE, RGA (FEHID KCCF, 24
B (¥ VIID) #iAE 4% .

WX CCRE RSB 1 R H B B (Tsi,glass = 30.8° C) 5#%
A KA (Tsi = 49.5° O)-F U H 4. RECCF
FRAKE ETcav e L E73.2° C, HAERENEFARTERERD
R AWCCFEEHA19° Co Hih, CCREET# i m G ha
EE, TREANARNITHERE,

WA EEX T

THIEENE R ET FRIER (R) KR IR B I AUE
(Rw) 7 @489 7 S8 TRH#AT I (FEde D A9 £ W
Bt 58 BB ALABTK & — AME 51 58 i L W 31 7F & (Blasco, 2011)
)

o —AWHEHBEBNER (10-16-8)

« —AHHEEEBARE, AT -REBAARETAKRE
(10-16-44. 1A)

o FEIE A 150mmHYCCF (6-12-8/150/6)

314



Figure 7. Dynamic fagade temperature of CW and CCF (Source: Permasteelisa Group)
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outside is always bad whereas the CCF has the potential to save
electricity also for electric lighting similar to electrochromic
glazing and optimizing for glare control (Carmody et al, 2004).

» The CCF fagades (VI, VIII, IX) differ from light transmittance (LT)
because of the choice of DGU of the inner wall. Only marginal
differences in the energy consumption between the CCF
facades with different LT-values are noted. This is because when
the solar radiation is intense the blinds will be down in all CCF
configurations and all CCF facades will end up with the same
solar heat gain coefficient (SHGC/g-value).

Thermal Comfort Comparison

The dynamic fagade temperature profile is also extracted from the
CAPSOL-Excellent assessment tool and presented for a traditional
glazed system A (Fagade Il) and a CCF system B (Fagade VIII) in Figure 7.

Comparing the internal surface temperature of the CCF facade
(Tsi,inner glass is 30.8°C) with the traditional curtain wall with high
reflective blinds (Tsi=49.5°C), the conclusion is that the maximum
surface temperature for a traditional facade is about 19°C higher than
the CCF technology although the CCF cavity temperature Tcav can be
as high as 73.2°C. Therefore it can be expected that the CCF technology
is likely to result in higher thermal comfort which can lead to higher
productivity of people in the office.

Acoustic Comfort Comparison

The sound reduction index (R) and weighted single value of the sound
reduction index (Rw) of the following fagade configurations have been
assessed by means of a detailed acoustic software tool (developed
within a Permasteelisa group research project ALABIK and a doctoral
thesis (Blasco, 2011)):

e a curtain wall with DGU (10-16-8)

« a curtain wall with DGU of which one glass sheet has an
acoustic interlayer (10-16-44.1A)

 a CCF with 150mm deep cavity (6-12-8/150/6)
 a DSF (non-ventilated) with 600mm deep cavity (6-12-8/600/6)
The following conclusions can be made (see Figure 8):

» The use of an acoustic interlayer in Facades (2) increases the
R-value with 7 to 10 dB at the coincidence frequency compared
to Facades (1) and Rw-value increases with 3 to 5 dB.

 For a CCF with a cavity bigger than 100 mm (Fagade3) the
R-value will further increase, especially in the lower frequencies
and the Rw-value will typically be above 54 dB.

Figure 8. Sound reduction index R and Rw for different glazed systems (Source: Blasco)
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« Afurtherincrease of the cavity depth to 600mm of the DSF
(Fagade4) will improve the low frequency R performance of
the facade and therefore also the Rw of Facade 4 (Rw=58 dB).
Note that large DSF's typically are naturally ventilated which will
reduce the R-value at mid and high frequencies, although less
than for IW and AW fagades where the impact of the ventilation
slit is more crucial. The decrease of the Rw of the ventilated
(inter)active fagade can be around 4 to 10 dB.

This means that the compact CCF has a very high acoustic sound
reduction index which is higher than a ventilated DSF with the same
cavity depth and at least as high as a ventilated DSF with larger cavity
at mid and high frequencies. Additionally the CCF is much more cost
effective and much lower embodied energy as much less material is
used.

[tis clear that such detailed acoustic prediction tool is very useful at
the early stage design of the project and has been successfully applied
on high-rise buildings such as the Shard London Bridge and London
Bridge Place (see Figure 9).

Project Applications

Different facade types per orientation - Heron Tower

During early design stage of Heron Tower building (See Figure 10), the
energy consumption was calculated for two types of facade (CW and
IW) for each orientation of the Heron Tower building at early design
stage.

As building control requested for Heron Tower to reduce CO2 emission
by renewable energy use, panelized system using PV-cells were
designed and placed on the South side of the building in order to
generate renewable electricity by the solar energy.

For east and west sides of the building IW facades were chosen
because of the significant positive impact on the energy performance
and thermal comfort. For the north facade it is clear from the

analysis that the energy saving impact by using a DSF is much less
and therefore it is not cost-efficient to use DSF for the north side. A
structural glazing solution is chosen in order to let a lot of diffuse
daylight penetration deeper into the building having the potential of
saving electricity by reducing the use of electric lights (view on atrium,
see Figure 10). It should be noted that Heron Tower received the
BREEAM Excellent rating certificate for offices.

Decision Matrix: Integrated Design Approach - UCLH

Facade configurations are rarely optimized for one sole parameter
but many requirements have to be taken into account, e.g. energy
performance, acoustic-visual-thermal comfort, initial costs and
long-term maintenance and repair costs; architectural appearance;
and many more. For every new project with its own specific critical
requirements, a decision-making matrix can be made in order to
facilitate the holistic optimization of the most suitable facade system
early in the design process.

For UCLH hospital in London (see Figure 11) the single skin fagades
were eliminated from the list of suitable facade configurations:

DGU with internal blinds which results in too high energy
consumption whereas external blinds were not acceptable for long
term maintenance costs and architectural appearance. The AW
configuration was also found not to be suitable since there is an
increased risk for interstitial condensation and potentially for bacteria
growth. The IW configuration gave much better energy performance
results but again the maintenance and cleaning of the interstitial

Figure 9. Shard London Bridge and London Bridge Place located at dense public trans-
port area with high noise generation (Source: Renzo Piano Building Workshop)
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Figure 10. Energy calculations at early design stage of Heron Tower, London (Source: KPF Architects; Permasteelisa Group)

E10. %, #HEAEEHRITH B ML ITE ORIE: KPP #HRT A, mIHra R £/

blinds were found not to be suitable as dust build up in the cavity can
be released to the inside during cleaning operations. Also remaining
furniture in hospitals for opening internal doors for cavity cleaning/
maintenance was considered to be disturbing. Cleaning cavities from
the outside was also not preferred (large external glass areas).

CCF technologies were applied in UCLH-building as it resolved all
energy and comfort issues but equally gave benefits of reduced
cleaning costs, increased ‘effective’ net-lettable area and high reduction
of disturbances to hospital activities resulting in a very cost effective
facade solution for the building owner. It should be noted that UCLH
received BREEAM Excellent Hospital Building rating.

Conclusions

The following conclusions can be drawn from this study:

Existing high transparent CW's face difficulties for tall buildings
for compliance with more stringent energy regulations in some
countries.

EMFREE-S CCF has a much better performance than CW with
internal blinds in terms of energy saving as also the potential for
higher thermal and acoustic comfort and availability of daylight
at the perimeter of tall buildings.

The EMFREE-S CCF technology has been chosen on different
building projects (including high-rise buildings) because its
positive impact on energy saving, occupant comfort, lower
maintenance & repair costs, higher ‘effective net-lettable’area,
high durability, optimized cost and material use results in lower
carbon footprint;

Advanced detailed dynamic whole building simulation tools
can provide benefits for the early stage design decisions of low-
energy and high comfort tall buildings;

Cost-effective energy solutions at building level are likely to
include different fagade types at different sides of tall buildings.

Figure 11. Decision matrix for early design UCLH (Source: Hopkins Architects; Permas-
teelisa Group)
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