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ABSTRACT

ABSTRACT

Keywords: Smart-Green Building, Building Facade Design, Energy Performance

| ~ Introduction

The impacts of climate change evoke the needs for building sustainable design and
in the meanwhile, the increase of high-rise buildings in Taiwan’s cities also greatly
increase the proportion of fagade areas in total building envelops. Therefore, the heat
performances of facades (or building walls) become more important than of roofs.
Based on the heat transfer theory and equation, ie. Qw = UwAwAtew = UwAw(tew-ti),
building envelop design strategies of lower building mass, lower U value and lower
surface temperature (tew) are normally the basic approaches in green building design.
Advanced building skins, including double skin facade, (DSF) have also become a
popular design issue. Concerning the energy performance of DSF as exterior walls, it
prevents direct solar heat in the summer and enhances the performance of wall in
insulation, surface temperature control, stack ventilation, etc. Also, it provides available
structures for possibly integrating with vegetation-bearing green walls for better energy
effect. For various climate conditions, DSF provides various combinations of fagade
elements for opening, daylighting, planting, sun-shading, etc. and improves the
aesthetic effect for urban landscape. Those elements also allow chances for building
industry in developing versatile facade components in parametric, systematic and
modularized design methods. The above categories reveal many passive green design
options. However, how to achieve the optimized strategy in early design phase requires
further studies in: mature facade design patterns, component libraries covering with
related materials, and detail design. In this project, we propose to develop a holistic
design and evaluation framework for energy efficient facade as a basis for
demonstrating facade design and simulation.

Currently, under the needs of ecological sustainability, and the global thoughts
of Green New Policies, zero-energy (or plus-energy) buildings, smart-green building
design should not only conducted by passive approach for energy-saving, but also by
active strategies in seeking more opportunities in energy production and energy storage.
Therefore, many innovative technologies are integrated into the fagade design, e.g.,
Responsive Facade (RF), kinetic facade, BIPV, wind turbine, etc. Each of the above
technologies has to be studied independently and supported by professional consultants.
For example, installing PV panels on the horizontal surface of sunshades is possibly a

better design strategy than on the vertical fagade surface, because summers in Taiwan,
XVII
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insolation on the horizontal surfaces are much greater than on the vertical ones. For
subtly adaptive to the context of locational and temporal situation, e.g. building site,
season, microclimate, sun-angle, etc., Responsive Facade (RF) is also an innovative
direction for buildings in Taiwan. RF integrates the functions of heat prevention, power
generation and sun shading. For total solutions of building fagcade design, DSF, RF, PV
shading, wind turbine, heat insulation and emission, and adaptive ventilation control
are all new alternatives for smart-green buildings.

Based on the above concerns, this project focusd on the application of hybrid (i.e.
passive and active together) green design strategies for achieving energy efficient
building facades.

Il. Research Topics

From the top-down approach, this project will firstly review passive and active
facade design methods. And then from the bottom-up approach, this project will
demonstrate the integrated design outcomes and corresponded energy performance
evaluations of facade projects. The research contents include:

- Literature review: for building envelope design factors, including sun shading,
heat reduction, and ventilated heat emission, etc.

— Theory background analysis: for building envelope related theories,
including sun shading, heat reduction, ventilated heat emission, and
photovoltaic power generation estimation, etc.

- Innovative design patterns and case studies: domestic and foreign examples
of energy-efficient building envelope design and energy/resource recycle and
reuse.

—  Developing applications of RF components: by introducing self-adaptable
intelligence (sense, processing, and control) into sun-shading components
and evaluating the effects to building facades.

- Integrated facade detail study and optimization analysis in combining PV
sunshade device and DSF, including related technical issues for building
applications.

- Computational performance simulations: energy efficiency in integrating PV
sunshade device into DSF, including performance of PV power generation,
sun shading, heat reduction, ventilated heat emission.

XVIII
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- Test model for integrating PV sunshade device and DSF: total performance
evaluation and assessment method survey, including PV power generation,
sun shading, heat reduction, ventilated heat emission.

I11. Conclusions

Based on ABRI’s FY2015 main policy axis of “Innovative low-carbon green

building environmental design technology and science development”, the project has
achieved conclusions on:

1.

Overview and analysis of building envelope design factors, including sun shading,
heat reduction, and ventilated heat emission, etc.

Integrated design guidelines for innovative facade design patterns and case studies,
including design strategies for power generation.

Optimized detail design patterns and technical instructions for RF-PV-DSF
integrated design based on the conclusion of empirical study from panel
discussions and expert interviews.

Computer simulation for energy performance and components’ interactive
mechanism of the RF-PV-DSF integrated model, in order to establish a design and
evaluation process for energy-efficient building envelopes.

Based on the above results, this project concluded with a real project

demonstration for The City Hall Building of Tainan County. According to the research
conclusions, the following directions are suggested for future development:

1.

2.

The Integration of Energy Modeling Design Tools;

Site Assessment Technology, Validation Platform and Incentive Mechanism for
Facade Energy Performance;

Standards for the Estimation Analysis of ROl (Return of Investment) for Energy-
Saving Facade Materials;

Design and Operation Process for Energy Saving Facade;

The Adjustment for Building Regulations.

XIX
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IV. Major Suggestions

This project comes to the immediate and long-term strategies.
For immediate strategies:

1. Based on the local green building regulations, the research
efforts for energy-saving envelope applications should be
extended to the applications of roofing.

For long-term strategies:

1. Complying with the local green building regulations, BIM-based
energy-saving design tools are suggested to be developed.

2. Site Assessment Technology, Validation Platform and Incentive
Mechanism for improving the energy performance of facade
construction modules are suggested to be developed.
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Thermal Insulation Ordinance (WSchVO)

new buildings existing buildings
1977 == limitation of the mean heat loss
due to transmission _
== requirements for building
elements (minimum thermal
insulation; double glazing; air-
tightness)
1984 == requirements tightened
by 20 % -
1995 == requirements tightened by 30 % ==when undergoing extensive
= |limitation of the annual energy renovation:
demand for heating requirements for the new building
= Certificate on energy demand for elements
heating
(FR &R aRE Ry 2 PR E)
external windows roofs ceilings to unheated
walls
1977 =1,45 [W/m2 K] =0,45 =0,80 [W/m?-K]
[W/m3K]
1984 =1,20 W/m2-K] =0,30 =0,55 [W/mz-K]
[W/m3K]
1995 =0,50 =1,80 =0,30 =0,50 [W/m2-K]
[W/m2-K] [W/m2-K] [W/m2K]
2002/ =0,45 =1,70 =0,30 =0,40 [W/m2-K]
2004 [W/m2-K] W/m2-K] [W/m3K]
2006* | =045 =1,70 =0,30 =0,40 [W/m2-K]
[W/m2-K] [W/m2-K] [W/m2K]

* EnEV 2006 draft, no change in requirement level.

BREDR AL TR L A r 5 3600

(FoR &R - aRiafss = @ i)

Sustainability) %24
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EAPEN L R T

360° SUSTAINABILITY FOR FUTURE GENERATIONS
Conserving resources and reducing CO,
Investors’ decisions
Recycling and reliable re-use Certification
< Planning and

Dismantling and return
consultancy

Longevity
of value retention

Quality partnership

Construction e

Technical documentation

Specification

-
43 03032015 iroduction seminar - march 2015 SCHUCO

(FA &R bR 2 P 3 )

B ¥ 46 B DGNB ~ £ B LEED ~ & B BREEAM 3 228k svorif B ok dp 2

(F %R ¢ R 2 7 E)

‘B PRMRBTR
https://www.youtube.com/embed/31Jc1K4gB98?autoplay=1&controls=0&rel=0
https://www.youtube.com/watch?v=TfyfgcqOLIE
https://www.youtube.com/watch?v=4uA2HfkW3X4
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https://www.youtube.com/embed/3lJc1K4gB98?autoplay=1&controls=0&rel=0
https://www.youtube.com/watch?v=Tfyfgcq0LlE
https://www.youtube.com/watch?v=4uA2HfkW3X4

-2 I S g E = R

https://www.youtube.com/watch?v=QqgtEihrUPjs
https://www.youtube.com/watch?v=12gWOQOpgz|ZY
https://www.youtube.com/watch?v=Zd4ITsMPGV0
https://www.youtube.com/watch?v=X7LYIRWi2jc
https://www.youtube.com/watch?v=R_rDmpqWfaU
https://www.youtube.com/watch?v=kg2 0O9ge8Ew
https://www.youtube.com/watch?v=n460EFiK8UY
https://www.youtube.com/watch?v=INIWcZt5JD8

U BT

Schiico U-Cal software for calculating U values
http://www.schueco.com/web/downloadGateway?wf gated_resource=11579176&wf
site=de-en

SchuCal Mobile (Schiico reference project App) Sunalyzer/ Docu Center/
SchueCal mobile/ Schiico DCS Fingerprint BT/ Schiico 360° Viewer.
https://itunes.apple.com/us/app/schuco-reference-project-app/id844202107?mt=8
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https://www.youtube.com/watch?v=l2gWOpgzjZY
https://www.youtube.com/watch?v=Zd4lTsMPGV0
https://www.youtube.com/watch?v=X7LYlRWi2jc
https://www.youtube.com/watch?v=R_rDmpqWfaU
https://www.youtube.com/watch?v=kg2_O9ge8Ew
https://www.youtube.com/watch?v=n460EFiK8UY
https://www.youtube.com/watch?v=lNIWcZt5JD8
http://www.schueco.com/web/downloadGateway?wf_gated_resource=11579176&wf_site=de-en
http://www.schueco.com/web/downloadGateway?wf_gated_resource=11579176&wf_site=de-en
https://itunes.apple.com/us/app/schuco-reference-project-app/id844202107?mt=8
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