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Which is why ignoring current and old home design and construction '”no"at'on_
strategies would be a missed opportunity; even for radically different | CART project
Energy conservation
and novel approaches. ;
. . . Architecture
Named after the Amazigh word for "home", TDART aims to integrate
local design strategies with modern technology to build the next
generation of energy-efficient homes.
"Modern technology" referring not only to modern solutions and
systems but to novel approaches inspired by scientific literature
concerning construction, architecture, HVAC, etc.

construction.

This experience will sharpen their skills and provide them with
experience and a variety of tools that they can use in the future
in order to further develop and contribute to their own fields
long term, all while building an innovative net-zero energy
house on the immediate term. But achieving this in a
competitive context requires what we may call "meta-
innovation".

Introduction

In any project that brings together different backgrounds,
disciplines and personalities, making it all run smoothely will be
a challenge, as is the case for TDART. Our ultimate goal remains
to expose our members to the thick of industry and sustainable
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On one hand, Innovation illustrates the meeting between two
radically different worlds. The first is creativity, imagination,
new ideas and the second is rigor and project management. And
by successfully marrying both, we come up with innovative
products, of course, but also technically developed and
presenting real opportunities in a qualified market.

To achieve this objective, the imperative step is to follow a
formal method for an innovative project management and to
use the innovation methods.

On the other hand, the particularity of an innovative project lies
in the need to propose something modified and improved or
totally new to a new or existing market. In this sense, different
project structures and management methods have been
proposed in recent years, all aiming to find "the one best way"
to manage projects through a structured approach in different
stages. To do this, we will work with the methods OSEO and
ADITEC that perfectly meet many of our criteria including cost
control, time and quality while keeping good team cohesion.

We will opt for a bioclimatic architectural design, which is the
art and know-how to make the best conditions of a site and its

environment, for a naturally most comfortable architecture for
its users, taking into account the orientation, the good
distribution of the rooms of the habitat and the compactness.
To highlight the Moroccan identity which is characterized by its
diversity, its colors, its multitudes influences that knew the
country during the history and finds its roots in the arabo-
muslim art, that each region is characterized by his own
signature.

Our TDART project was inspired by the charm, calm, discretion

and construction techniques often found in riads and kasbahs.
These are known by an inner courtyard, often surrounded by a
garden, which constitutes the heart as well as the penetration
of natural lighting that can be intelligently integrated into our
habitat, with an implementation of automated shading systems
that helps to control the intensity of natural lighting, provide the
necessary shade in the summer and allow sunlight to passively
heat the house in winter, while ensuring a building with net zero
energy consumption that can be adopted at Mediterranean
climate of the northern region of Morocco.

Meta-innovation

Innovation, the action of creating new processes and strategies,
its purpose didn’t change over the years, but with the rapid
advance in sciences and technologies it becomes less effective,
extremely complex and no longer enough to add values to the
organization. However by applying a variety of procedures to
analysis how innovation is interpreted, we obtain an
understanding of what makes innovative systems valuable, or
how it can be strengthened and become more flexible. For this
reason we need meta-innovation stage.

Innovating the innovation processes in the age of digital
transformation is a huge advantage, there are massive
resources, materials and technologies to combine with
collecting and processing needed data can give us the capability
to invent new models that are more powerful, impactful and
flexible with the rapid technological and economical changing.
Moreover, concerning human resources, creating diverse
networks with matching individual skills satisfies several needs.

Project based approach

Considering TDART first and foremost as a prime example of
project based pedagogy, our model is split into three
approaches: Project, Competition and Human based (See figure
1) [1].

The project based approach rests on the idea of putting the
students in the thick of industry, real-world practices and
challenges with deadlines, quality requirements and budget
caps. This provides them with much needed experience that will
help them be more effective in similar contexts in the future.
The competition approach serves mainly to provide constant
motivation to the team members. Working in a competitive
context makes the students work harder to understand their
abilities and learn how to collaborate with one another to make
up a cohesive unit that works towards achieving a common goal.
The Human based approach is about task assignment according
to background and ability, conflict management and team-
building. We aimed to provide an environment where healthy
minority dissent can help improve creativity, prevent premature
consensus and encourage the majority to consider issues from
different perspectives as was suggested by Nemeth [2] in the
80s.

This requires the team to have a high level of reflexivity, which
is, as defined by West [3], overtly reflecting upon the team’s
objectives, strategies and processes and adapt them to current
or anticipated circumstances. We also occasionally applied the
original and easy to implement SYMLOG method as it was first
proposed by Bales in Interaction Process Analysis [4] during
meetings to try and steer conversations into a more positive and
more functional path.
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Figure 1: The three approaches to team management in TDART

The patio: a local inspiration with a new touch

Despite its association with Middle Eastern regions, courtyard
housing is one of the oldest and most distinctive forms of
domestic development, occurring in many regions of the world
from Morocco to the Asian Far East across a time span of at least
5000 vyears [5]. The courtyard is considered an ideal
environmental solution for conceiving a protected space within
the hot climate of the Middle East [6]. While it does have some
cultural and social significance from the fact that it provides a
protected area with natural lighting and privacy at the same
time, what’s even more relevant to us is its impact on the house
in terms of thermal comfort and airflow control.

The courtyard or "patio" is mostly shaded until late in the day
even in low latitude regions. During the night, it loses heat by
radiation to the sky [7] and provides natural cooling as the
stratified cool air from convective flows in the courtyard seeps
into the surrounding rooms. Many authors [8] & [9] conclude
that a courtyard constitutes a free and passive cooling system
for the house, with some reservations being shown by others
[10], specifically for non-shaded courtyards where courtyard
temperatures might turn out to be higher than ambient
temperatures. TDART takes the best of both worlds and
incorporates a retractable roof in the patio. This protects the
courtyard from solar irradiation, keeping air temperature as low
as possible when the roof is closed during the day and the sun
is high, while also providing the option to open it to the sky in
the mornings or later in the night to allow the walls and surface
of the patio to radiate heat away towards the sky. It has been
noted that a courtyard that includes a body of water (pond or
pool) and that can be covered during the day provides
remarkable cooling properties [11].

This is where the fountain comes in, apart from its aesthetic
purpose, it salvages some of the benefits of a body of water and

has a similar effect on the patio while being a much cheaper
option than a pool.

In conclusion, TDART makes use of the patio’s inherent cooling
and ventilation properties and adds novel ideas such as a
fountain and a retractable roof to improve it and mitigates some
of the possible shortcomings of a simple courtyard. The patio-
centered architecture is just another aspect of TDART’s design
strategies to reduce its carbon footprint.

Modular and sustainable from the ground up

One of the strategies of TDART to minimize our carbon footprint
is to reduce the use of raw materials and cement as much as
possible.

For the house foundation, we have opted to use helical or
"screw" piles. We took this unorthodox route because of the
potential gains of a sustainable cement-free foundation. In real
world terms helical pile foundations are reusable, recyclable,
tend to be faster to install and use less energy overall thanks to
fewer required truck trips for raw material shipments or to
transport excess soil away from the site. As far as we are aware
this is one of the earliest African installations of helical piles for
this specific type of application. Overall, helical piles are among
the most environmentally friendly foundation systems [12]. And
a consequence of this choice of foundation for the
predominantly wooden structure of TDART that affects our
entire construction phase is that water requirements are
virtually eliminated.

Sustainable HVAC, insulation and lighting

There is a fair amount of literature [13], [14] & [15] on the usage
of air conditioners in households with multiple units, the
general conclusion being that it’s very rare when a household
uses all its air conditioners simultaneously. Air conditioning
solutions have therefore conceptually trended from one air
conditioning system for each zone to independent air
conditioning for different zones under a single overarching
system [16].

VRF (also known as VRV for Variable Refrigerant Volume)
systems appeared originally in Japan in the 1980s and consist of
a multi-split system of one outdoor unit and multiple indoor
units. It is a ductless system similar to the familiar mini-split type
air conditioners with an outdoor compressor unit feeding the
expansion valves of the indoor evaporators using variable speed
compressors. "Variable" flow stems from the fact that the
system controls the amount of refrigerant flowing to each
indoor evaporator. This property opens up different
configurations with different evaporator capacities such as
simultaneous heating and cooling and heat recovery from one
zone to another [17]. It has been noted that sharing the outdoor
units among multiple indoor units in a centralized multi-split
type system is an effective optimization strategy [18] with
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predicted energy saving ratios of around 11-12% on a VRF
system with original split-type air conditioners, depending on
location. A few more factors that point to the VRF system as the
optimal choice for TDART are the fact that it’s a direct expansion
DX system with lower maintenance costs than chilled water
systems (no water treatment problems) and that it’s inherently
modular. Each module would be a quasi-independent
refrigerant loop, although the modules would still be controlled
by a common control system. Evidently, this

fits nicely with the modular nature of the rest of TDART.

To supplement the VRF air conditioning we opted for a
ventilation system with heat recovery. The system extracts air
from the kitchens and bathrooms while simultaneously
introducing fresh air from outdoors into the living room and
bedrooms. During nominal operation the amount of air
removed from indoors is similar to the amount introduced into
the house by the system. During winter, heat from the rejected
air is transferred to the incoming fresh air before it is led
indoors, recovering considerable amounts of energy.

One of the first steps towards reducing the cooling/heating load
of any building, regardless of the type of air conditioning used,
is thermal insulation. An insulating envelope can significantly
reduce the energy and the size of the required air conditioning
system. It also helps retain acceptable thermal comfort
conditions for longer. While commercial insulation materials like
extruded polystyrene (XPS) have good sustainability
characteristics, we opted to supplement ours with textile waste.
There is a significant amount of textile waste that is discarded
each year by the textile industry, and only a small percentage of
it is recycled. Finding different applications for it is a
straightforward solution. This particular application of textile
waste as thermal insulation has been investigated before. Fabric
waste was found to be an adequate alternative to EPS/XPS
insulation by Briga-Sa et al. [19] and El Wazna et al. [20] found
acrylic and wool based nonwoven waste to have excellent
thermal insulation properties. This encouraged us to try
nonwoven textile waste that contains a combination of PES-
Acrylic-Cotton and bi-component fibers as an additional
insulation layer on top of the XPS (See figure 2).

Figure 2: A sample of the nonwoven textile waste insulation

The exact effects and performance of this kind of insulation is
difficult to measure due to lack of standardization of textile
waste and ambiguity in its porosity and thermo-physical
characteristics. Nevertheless, we are hopeful that this type of
insulation can provide a more sustainable alternative to
traditional commercial insulators in the future. Table 1
represents the physical properties and composition of the used
textile waste insulation in the TDART house (See tab 1).

Tab 1: Physical properties and composition of the used textile
waste insulation

Property Value

PES: 40% Acrylic: 15%
Cotton:  10%  Bico: 35%
Density (kgm™~2) 37

Thermal conductivity (Wm™'K™) ~ 0.037

Composition

Thermal resistance’ (m2KW-!)  ~1.351
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A third aspect of our system is the inclusion of a simple and
affordable house automation system that provides adequate
energy savings within our budget. It is a simple light dimming
system that provides the option to reduce consumption when
natural lighting is available or to set the mood when dim lights
are simply desired by the inhabitants.

Controlling the shutters and the retractable roof is also possible
with this system.

TDART team would opt for a bioclimatic architectural design
that uses many, simple and feasible, building strategies and
principles to heat, cool and ventilate the building.

Bioclimatic habitat takes advantage of the climate to bring its
occupants closer to comfort conditions; bioclimatic architecture
puts the occupant at the center of its considerations to achieve
all of this, we will focus on the following instructions:
Implantation

The judicious implementation of TDART house is an important
phase in the architectural design. It determines the lighting, the
solar gains, the wastage, the possibilities of aeration, but also
the qualities of the habitat: Communications, views,
neighborhood reports.

Orientation

In order to profit from passive solar gain, the TDART building will
be oriented towards the South because the sun is available
there all year round. The layout of the rooms in our building will
be as shown in figure 3.

Garage
ANy Nathepom
room
A han
sen | Living o -

Figure 3: Room layout in TDART house

Finally TDART includes multifunctional sealing membranes
which double as a high albedo "cool roof" (Figure 4 represents
the different temperatures with and without a cool roof).
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Figure 4: Temperatures

Previous literature suggests significant air-conditioning energy
savings can be achieved in high temperatures which are
prevalent in the African climate [21] & [22] especially in urban
heat island environments. In a 1999 study, researchers
extrapolated simulation data to the US and estimated that white
roofing can potentially save up to 10 TWh per year. A more
recent study [23] of a typicaloffice building in Rome, Italy found
a decrease of 34% in energy requirements for cooling. In terms
of environmental impact, cool roofs have been shown to be
three times more effective than green roofs at cooling the globe
for climate change mitigation [24], making this a very attractive
solution for TDART.

Natural lighting
Our natural lighting strategy aims to better capture and

penetrate natural light, then better distribute and focus it. We
will also take care to control the light to avoid visual discomfort
(See figure 5).
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Figure 5: Natural lighting scenarios in TDART building

Compactness
The shape of our building is an interesting thermal evaluation

criterion because it indicates the degree of exposure of the
building to the ambient climatic conditions. In our TDART
project, we will try to minimize the area of loss by maximizing
the envelope, which translates into a low compactness.
Openings
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