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INTRODUCTION

BACKGROUND: INNOVATION TOWARDS SYSTEM INTEGRATION
IN FACADES

The building environment is focussing on (near) zero energy principles of
design, manufacturing and assemble buildings. An increasing number of ener-
gy efficient buildings in Europa is showing the growing interest in (near) zero
energy buildings (sources). This development is not a trend, but a answer/
reaction on the 20-20-20 policy of the European commission. This policy is
often called 20-20-20, because they set a target to reduce the greenhouse gas
emissions by at least 20% , increasing the use of renewable energy by 20% and
improve the energy efficiency by 20% compared to the correspoding levels in
1990,

On long term the European council set a target to reduce the carbonization
emission by 80-95% by 2050'°. The building sector is the biggest energy
consumer, because of that the European commission mentioned the building
sector as key sector in achieving the 2050 target. In response the building
industry aimed at (near) zero energy buildings.

A (near) zero energy building is a building that produces on average as much
energy as it consumes. It draws power from the power grid and supplies it
back to the grid. Over a year this needs to be in balance to reach a zero energy
consumption.

However, a large portion of the building stock was built before the introduc-
tion of the zero energy principle. In most European cities, the existed building
stock is characterized by outdated buildings envelopes with limited insulation
and ventilation systems that have reached their end of lives'3. Therefore, refur-
bishment based on zero energy principle become an important task for Europe
to achieve the target in 2050.

The quality of building envelops play an important role in energy consump-
tion of heating, cooling, lighting and ventilation systems. Being the direct layer
between the internal and external environments, building envelope is defined
as the interface of energy loses.

To make an (near) Zero energy building we have to reduce energy consump-
tion, increase the efficients use of installations and rely on sustainable energy.
In this context zero energy retrofit of building envelope can be implemented
with the improvement of thermal physical properties (passive system) of the
envelope and the addition of active system elements which can be integrated
into the envelope, such as HVAC systems



Ventilation systems are one of the energy hungry elements in buildings. Typ-
ically they account for 30% or more of the total energy consumption. So in
order to reduce energy in buildings, this systems are been optimized to be
energy efficient. An effective ventilation system is essential in Net Zero Energy
buildings

A separate research direction aims at improving comfort and reducing living
costs for the occupants by not relocating them during the refurbishment. This
is possible by putting all systems in a second envelope called 2ndSkin.

The main goal of this project is to do all the necessary refurbishment from the
outside. This thesis is part of the 2ndSkin research.

Several ongoing researchs and projects trying to minimize disturbance to the
occupants along with reducing the construction time, costs and energy con-
sumption by using methods such as prefabrication of building envelope and
building installation components'2. in these projects prefabricated building
envelope system are attached to the existing envelope and prefabricated HVAC
system are placed in the backyard. However, In the Netherlands there are
several projects that implemented these methods, but only for single family
houses.

Another important type of housing in the Netherlands are the post war apart-
ments block (1951-1970). There are approximately 800.000 of these dwell-
ings and are 1/3 of the existing building stock!”. The majority of these dwell-
ings have an energy label D or lower!®.

One of the major challenge is that post-war apartment has almost no space in
the interior for new equipments that are necessary for a Zero Energy apart-
ment, such as the ventilation system. Besides that, there will be too much dis-
turbance to the occupants if the ventilation system is installed from the inside.
That is where the facade introduces itself as an alternative.

The integration of ventilation system in a prefabricated facade module, is a
serious need for zero energy refurbishing of the Dutch post war apartments
blocks. Not only there is almost no space inside them, but also Zero Energy
houses are isolated at least with Rc-value of 6,5 (roof 8,0). That means tem-
perature losses through infiltration and transmission will be less.

As a consecuance of good insulation, heat produced by people and machines
will be kept inside the building therefore, we will heat less. However, More
ventilation is expected in zero energy buildings. Combining all reasons men-
tioned above over comfort refurbishment for zero energy buildings, we expect
the integration of ventilation system in a prefabricated facade module have
several advantages in terms of quality, costs, performance , safety for the con-
struction workers and inhabitants, speed of retrofitting, efficient use of materi-
als and of course less disturbance for the neighborhood and users!®



PROBLEM STATEMENT

Dutch post war apartment blocks are in need of a new 2ndSkin building en-
velope to achieve Zero Energy balance. However this requires space for new
building service installation, this type of building are not design and build to
adapt new equipment, such as the controlled ventilation systems.

RESEARCH QUESTION

+ How can ventilation system get integrated in a prefabricated facade mod-
ule, to upgrade the building envelope for Dutch post-war apartments to
make them Zero energy?

SUB QUESTIONS

+ How can the requirements and wishes be required and how can these val-
ues be translated to a concept and design?

1. What is the current state of art in integrated prefabricated facade modules
in Europe for refurbishment of residential post- war buildings?

2. [/}/h;'ch material is used for high isolated (6,5 rc) prefabricated facade pan-
els:

3. ]Whag are the EPC parameters that eftfect the dimensions of building enve-
ope:

4. What are the recommendation for the ventilation systems regarding regula-
tions of sound, fire and ventilation amount?

5. j[;Vhat type of ventilation systems are more suitable for integration in
acade?

6. What are the possible position in the building envelop to integrate ventila-
tion systems or components?



GENERAL OBJECTIVE

The objective of this integrated design is that it has to make a better use of
energy neutral retrofit strategies, by integrating ventilation technologies in the
building envelope, that can be manufactured in an industrialized process, to be
suitable for mass-implementation in the Netherlands.

FINAL PRODUCTS

The final product shall be an integrated prefabricated facade design which
contains all the equipment that are necessary to provide ventilation. Other
building service components are not excluded, however there is focus on venti-
lation systems.

HYPOTHESES

I except that the integration of ventialtion systems in the facade will enable
creation through industrilaized process, which makes it suitable for mass-im-
plementation

BOUNDRY CONDITIONS

The design has to be focused on the facade elements that would be used
for zero energy refurbishment.

The material used, will be first focused on wood frame for the facade ele-
ments and later to composite

The product can be easily adjust for different type of Dutch post-war apart-
ments that are built in 1951 till 1970

The function of ventilation system is the main focus, however other poten-
tial building services are also allowed to be integrated.

The requirements of the 2ndSkin research group are also requirement for
this product.



METHODOLOGY

The research methodologies proposed for the graduation research are based
on two books ‘Methodologie van technische-wetenschappelijk onderzoek’
and ‘Ways to stduy and research urban, architectural and technical design
(Christiaans, Fraaij, Graaf, & Hendriks, 2004; T.de Jong & Voordt, 2002).

The techniques that are used for this research are based on the book ‘Prod-
uct development: The theory and its applicability in practice (Afshari, A., & Li,

J-T. 2012).

Each research question the goals, expected outcome and methodolgy are
defined as follow. Each question is related to a phase in the structure of the

thesis (see diagram 2):

Goal

Exploring prefabricate facade
module

Exploring integrated components
Exploring assemblage methods
Exploring materials

Comparing different retrofit
strategies

Goal

Different material overview
Mapping roduction techniques
that are suitable to adapt ducts,
pipes and othor building services
components

Selection facade element

Goal

Understandig of Zero Energy
calculation

Mapping the parameters effecting
the dimensions of the facade
element

Goal

Mapping the protentials of differ-
ent ventialtion principels
Develop framework of pros and
cons of ventialtion system, based
on the requirements

Goal

Turning information from sub
questions 3,4 into design strategies
for facade type selected from sub
question 1,2

Selection systems basd on the
criterias set by the framework
(outcomes)

Goal

Designing and testing the chosen
design from sub question 5
Analyse the design by mockup

Expected outcomes

Description of integrated prefabri-
cated facade module

Creating framework for literature
assessment

Expected outcomes

Benefits and possibilties of each
facade type, based on physical
requirements and flexibelity in the
production technique

Current available companies that
are willing to innovate in there
production technique.

Expected outcomes

Creating framework of parameters
that effect the dimensions of the
facade

Find potential components for
integrating in the facade, such as
pv panels or sunshading.

Expected outcomes

Problems needed to be solved in an
integrated facade design
Possibilties that are usually not
used, but have potentials for fur-
ther development (hybrid systems/
natural ventilation etcetc)

Expected outcomes

Develop framework that shows
possible design strategies with pros
and cons of each varaiant

Choose one potential design for
futher development

Expected outcomes

Feed back on product from prof-
fesionals

Prototype/mockup

Further potentials and optimiza-
tions

Sell the product

Methods, data and sources

Annex 51: Retrofit strategy for
prefabricated facades (handbook,
2012)

Advanced Skin conference book/
articles

Energiesprong platform
Stroomversnelling platform

Methods, data and sources

Literature study by handbooks, ar-
ticles and journals on manufactur-
ing prefabricated facade elements
Markt research by interview-

ing, collecting data and visite
companies

Methods, data and sources

Literature of EPC calculations
Toolkit slecetiontool made by the
rijksoverheid to understand the
different factors

Methods, data and sources

Collect data from ventialtion
companies, such as Brink, Stork,
Bergschehoek etcetc

Study the regulations(bouwbesluit)

Methods, data and sources

Usng data, information and othor
sources from sub question 1,2,3

Discuss the design strategies with
Rollecate and othor proffesionals

Methods, data and sources

Detailling, 3d modelling and 3D
printing small elements

Feedback sessies with Rollecate
proffesionals

Rollecate will provide materials and
machine to build a prototype



THESIS CONTENT DIAGRAM

The thesis content diagram shows how the structure will be build up. The
structure is also linked to the time planning. The time planning shows the
action pionts that need to be done, in order to develop a product, but also to
answer the sub questions and finallly the main question.

4 )
PART E
Conclusions
Recommendations
Further research
_ )
4 N
PART F
Appendices
Literature

-
-




NCLLVINISHd Gd-

NCILLVINIS3dd v d-

NCILLVINIS3dd €4-

NCOLLVINIS3dd ¢d- NOLLVINISTSd | d

NCILLVIN3S3dd

7 7 7
| | |
| | |
| | |
| | |
| | |
140438 TWNIF- | 1d0d3d v d- | 1d0d3d €4 1d0d3d ¢d- | S1d0d3d
I I I
4 1dvd | 3 1dvd | I
| | |
| | | NOISMTIONOO
| | |
I I I I
a 1dvd d 1dvd d 3 O 1dVd, O 1dVvd, T
| | INGNGOTIAIA ¥3HLANS 4O LdFONOO ONIZINLLAO- | | %
|
_ _ S1d3ONOO FHL 40 INO NOLLOF T3S - _ | U g
| | SLdIONOO N3SOHO ONIZINLLAO - | | C B
| | SININIFIINOFY OL ONIAIOOOV SLJFONOO ONIALTA - | | O o O
I dNMOON - | , I I g
Bl INBYAHAI ONTISTL - | 013 JONVINJOLd3d 'S1SOO - | SIONITIVHO WIINZIOd - | O C
: 'STYNOISIHH08d HLIM STEEFLYALS 1S3] - HOYVISTY LMIVIA - m O
SININTTE NOISIA (B) I I I <
SNOLYTWOWO - | SIHOLIIS LdFONOO - | 3LVO3TIOH 1Y dOHSHIOM - | =
ININGOTIAIA LONAOHd | 3SIL3dX3 STINWNOO FATOANL - | 3ISS3S NAOLSNIVAE - | = O
| SIOILVALS TTEISSOd dOTINIA | HOVORddY NOISIA ASVNINL T3 | O 0
g
(ONILSID) FdALOIONd - _ VIVA ASYINT IN3SINO - _ STINVEINOO HLIM LOVINOO - _ < 0D
ONITBIONdE - | 335N - | SIONITIVHO WLINIIOd ANI4 - | o 2
5L SUvVI30- | STIVL3d B ONITTING - | | M
| | |
| |

1ININJOTIAIA NOISEA -

ONIJTING JONIAIAIA SISKTVNY -
g 1dvd

("OL3 ANNOS ‘) SNOLLY INOFY - |
AOIINT Od3Z SININFIINOIS - |
SININOINOO "IWIINILOd - |
SWILSAS NOLLIVILINGA - |

SININTT3 3AVOVS - "

SIVId3LVIN -
SINOINHOIL NOILONAOS -
1dv 4O 31vIS IN3FdaNO -

HOJV3S3d IZTTVNIS - HOJV3IS3d SININOJNOO - AQNLS FANIVILIT -
|
|
| NV 1d NCLIVNAVEO 4N 13S -
. ‘ OIdOL 3HL NIHLIM snNOO4 ANIS - OIdOL HOdV3S53d SOOHO -
Eitsh/A N dFIN3Oaa L L d3d0LO0 €¢ AN 9¢ ddv L ¢
Gd bd €d ¢d ld




LITERATURE STUDY

[1]

2]

[3]

[4]

[5]

[6]

[7]

8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]
[17]

[18]
[19]

[20]

Dall, G., Galante, A., Pasetti, G.: A methodology for evaluating the potential energy savings
of retrofitting residential building stocks, in: Sustainable Cities and Society 4 (2012), pp.
12-21.

Hens, H., Verbeeck, G., Verdonck, B.: Impact of energy efficiency measures on the CO2
eissions in the residential sector, a large scale analysis, in: Energy and Buildings 33 (2001)
issue3, pp. 275 - 281.

Cronhjort, Y., Riikonen, V., Kolehmainen, M., Nordberg, K., Huss, W.: smartTES - Book 2:
TESExtension, 2014. [Online| Available: http://www.tesenergyfacade.com/downloads/
smarttes_b2_Extensions.pdf [Accessed: 14-Jan-2015].

Ott, S., Loebus, S., Time, B, Homb, A., Botsch, R.: smartTES - Book 3: Multifunctional TES,
2014. [Online| Available: http://www.tesenergyfacade.com/downloads/smarttes_b3_Multi
functional [Accessed: 26-Jan-2015].

IEA ECBCS Annex 50 - Prefabricated systems for low energy renovation of residential
buildings, IEA ECBCS. [Online] http://www.ecbcs.org/annexes/annex50.htm [Accessed: 26-
Jan-2015]

TES Energy Facade - Multifunctional timberbased element system for improving energy
efficiency of the building envelope. [Online] http://www.tesenergyfacade.com/ [Accessed:
26-Jan-2015]

E2ReBuild - Industrialised energy efficient retrofitting of resident building in cold cli
mate.[Online] http://www.eZ2rebuild.eu. [Accessed: 14-Jan-2015].

BrusselsRetrofitXL. — Experience-based guidelines for Architectural Industrialized Multi
functional Envelope Systems (AIM-ES). [Online] http://www.brusselsretrofitxl.be/
projects/aim-es/[Accessed: 14-Jan-2015].

Kobler, R, Binz, A, Steinke, G., Hafler, K., Geier, S., Aschauer, J., Cousin, S., Delouche, P.,
Radelet, F., Ruot, B., Reynier, L., Gobin, P., Duforestel, T., Senior, G., Silva, P., Almeida, M.:
IEA ECBCS Annex 50: Retrofit module design guide, IEA ECBCS, Duebendorf, 201 1.
MEEFS - Multifunctional energy efficient facade system. [Online| http://www.meefs-retro
fitting.eu/ [Accessed: 26-Jan-2015]

Rosanska, M.: MEEFS Retrofitting - first year progress report, 2013. [Online] Avail
able:http://www.meefs-retrofitting.eu/images/meefs%20publishable%20summar
ry_2013-08%20web.pdf [Accessed: 26-Jan-2015].

Heikkinen, P., Kaufmann, H., Winter, S., Larsen, K.E.: TES EnergyFacade manual - prefab
ricated timber based building system for improving the energy efficiency of the building
envelope, M tinchen, 2011. [Online] Available: http://tesenergyfacade.com/downloads/
TES_Manual-ebookFINAL.pdf [Accessed: 14-Jan-2015]

Lucido construction system. [Online] http://www.lucido-solar.com/lucido/lucido/ [Ac
cessed: 26-Jan-2015]

Ott, S., Hernandez-Maetschel, S., Lattke, F.: E2ZRebuild — Guidelines to Preliminaries/Sur
vey, 2011. [Online| Available: http://www.eZrebuild.eu/en/links/deliverables/Documents/
E2ReBuild_D4.1_GuidelinesPreliminariesSurvey.pdf [Accessed: 26-Jan-2015].
BrusselsRetrofitXL - Research platform with focus on the renovation of the Brussels hous
ingmarket. [Online] http://www.brusselsretrofitxl.be [Accessed: 14-Jan-2015].

BPIE . (2011). Europe’ s buildings under the microscope. Brussels: Building Performance
institute Europe.

EnergieSprong. (2014). Inspirerende projecten. Retrieved 14-11, 2014, from http://ener
giesprong.nl/blog/category/inspirerende-projecten/

TKI, 2ndSkin research project, 2013 (how to mention??)

AgentschapNL. (2011). KOMPAS Energiecijfers. Retrieved 03-10, 2011, from http://sen
ternovem.databank.nl/





