Graduation Plan

Master of Science Architecture, Urbanism & Building Sciences




Graduation Plan: All tracks

The graduation plan consists of at least the following data/segments:

Personal information

Name

Yamini Patidar

Student number 5055288

Studio |

Name / Theme Sustainable design Graduation Studio

Main mentor Dr. Regina Bokel Building Physics & Services

Second mentor

Dr. ing. Marcel Billow Building Product Innovation

Argumentation of choice
of the studio

Not applicable

Graduation project

Title of the graduation
project

Housing Refurbishment using Earth, Wind & Fire system-
Towards a nearly energy-neutral housing in the
Netherlands.

Goal

Location:

The Netherlands

The posed problem,

In the European Union (EU), Buildings are accountable
for nearly 40% of energy consumption and 36% of

CO2 emissions, making them one of the biggest energy
consumers as compared to the other sectors (Energy
Performance Of Buildings Directive (EPBD) - BIBM). In
the recent Climate Agreement in 2019 in the Netherlands,
the Dutch government has set a goal to reduce the
greenhouse gas emissions by 49% by 2030 and 95% by
2050, when compared to 1990 (IEA, 2020). Among the
various building sectors, the Housing stock in the
Netherlands has a major share accounting for around
62% of the total building area (Climate-KIC). While new
housing constructions have to be nearly energy neutral
as of 2020, a large portion of the existing housing stock
has a huge share in the energy consumption and have a
worse energy label of D or lower in the rating scale from
A to G (Oorschot et al., 2016). The existing stock is thus
in need of urgent energy-efficient refurbishment.

While various refurbishment techniques are available,
there is a need to develop an integrated system that
addresses the energy-retrofitting of the building in a
holistic manner. The Earth, Wind & Fire (EWF) system
developed by Dr. Ben Bronsema during his PhD research,
harnesses the environmental energy of Earth, Wind &
Fire through the use of three responsive building




elements which can significantly reduce the energy
consumption of the buildings thereby also serving as a
means to utilize renewable energy sources for energy
production.

The EWF concept shows huge potential to reduce the
operational energy of the building and achieve a nearly
energy neutral building. However, the system has been
designed initially for office buildings in the Western
European climate and the potential of the system has not
been researched in depth for Housing buildings. It is vital
to conduct an investigation for the applicability of EWF
system in the Housing buildings in terms of its energy-
efficiency potential without compromising the indoor
comfort for the occupants.

Considering the aforementioned aspects, the research
aims to:

e Investigate the potential of the EWF system as an
energy-retrofitting method for the Housing
buildings with indoor comfort and energy
neutrality as performance indicators. The energy
neutrality goals are formulated based on BENG
regulations.

e Designing a refurbishment project by selecting a
case study building as a part of the research to
find out the design strategies for integration of
EWF and evaluate the performance through
simulation tools.

e Derive technical guidelines for integrating the
system for the Housing refurbishment in the
Netherlands.

research questions and

The aim of the research paper is to answer the following
question:

"How can the Earth, Wind & Fire system be integrated in
the Housing refurbishment in the Netherlands to achieve
energy neutrality and improve the indoor comfort of the
building?”

design assignment in
which these result.

In order to derive the EWF integration criteria and
technical guidelines, a housing building in the
Netherlands in the need of refurbishment is taken up as a
case study. The design assignment would be to find out
the design strategies for integrating the EWF system and
perform simulations for its energy performance and
indoor comfort. The final design shall incorporate the
technical details of the EWF elements integrated in the
building.




Process

Method description

In order to answer the research question, this study has three main processes:
Literature review, Case study design exploration and Performance validation &
System Adaptation. Before the start of the case study, it is required to establish the
different criteria and guidelines related to energy neutrality and indoor comfort which
serves as performance indicators for the case study design and simulation phase. An
extensive research on the Housing refurbishment would give an overview of the
prevailing refurbishment strategies and the issues to tackle while designing a
refurbishment project. Finally, an in-depth research on the EWF system would
establish the criteria for selecting the case study and identify the integration criteria
serving as a starting point to design the case study. The aim of the Literature review
is to contribute to sorting out the main parameter regarding the case study design
and evaluation phase through simulation. The process followed by literature review is
elaborated below:

Case study design exploration

A housing building which is in need of renovation is selected for case study and the
data regarding the existing construction, HVAC system, energy consumption will be
collected and analyzed to further proceed with the design phase. Different methods
to integrate solar chimney and climate cascade will be explored based on
architectural and technical (EWF and renovation) parameters. A simultaneous
exploration will be conducted to find ways to adapt the EWF system to user flexibility
since this also plays an important role to influence the design.

Performance validation & System Adaptation

The different design options will be then simulated to check their energy consumption
performance and thermal comfort using the ESP-r software, excel calculation
developed by Bronsema (2013) and Design builder software for CFD analysis. This
phase will follow a circular process to simulate and modify design in a continuous
loop to achieve a design which meets the BENG requirements and Thermal Comfort
criteria identified during literature review. The circular process of simulation and
designing might result in the need of certain adaptations to the EWF system. The
final design which meets the requirements shall be selected and then the
refurbishment details for solar chimney and climate cascade shall be carried out.

Conclusions

The final design shall result in formulating case study specific conclusions as well as
general technical guidelines and constraints for integrating Earth, Wind & Fire system
in the refurbishment of Housing buildings in the Netherlands.
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