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ABSTRACT

The subject of this graduation project is the energy transition within urban environments. This
is pursued through, firstly, gaining an understanding of the fossil dependency and how this has
affected our cities and practices. In order to overturn this effect and open the way for the urban
energy transition, urban design needs to become more responsive to the climate in terms of
buildings’ energy use and to incorporate renewable energy technologies. In this direction climate-
responsive and energy-active urban design is infroduced as part of sustainable urban design,
and the steps taken in the project contribute in its implementation within existing residential
areas, and more specifically dutch post-war neighbourhoods. Because apart from facilitating
the urban energy transition there is a need to sustain the rapidly growing urbanization rates in a
different way than the one followed in the post-war era. The illusion of free space is no longer
in place and densification needs to take place first and foremost in post-war neighbourhoods.
Their open space and inherent unsustainability makes them an ideal case for climate-responsive
and energy-active urban design to be applied. Therefore the knowledge gathered in this project
in order to review the practice of urban design is combined with the morphological qualities of
post-war neighbourhoods to provide with design solutions that act on three levels: lowering
energy use, generating energy locally and offering the potential for densification. In the end
the steps taken are combined in a design method that can contribute in developing climate-
responsive and energy-active urban design.
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1. INTRODUCTION

The present thesis explores the field of the sustainable energy
fransition outside of its technochratic domain and within the
urban environment. The energy supply is more than a fuel that
feeds our energy demands, it shapes our lifestyles, society and
our cities. Similarly the energy transition is not simply a matter of
technological progress, it is a matter of established economic and
social structures, institutions, lifestyles, etc., which create a lock-in
state that icreases the resistance towards the energy transition
(Broto, 2017; Loorbach, 2014). There lies the aspiration of this
project, going beyond the energy transition as pursuead so far.
Namely, by realizing that renewable technologies cannot single-
handedly lead the transition, this project ideltifies elements of this
lock-in state that have a spatial manifestation in the city and can
be addressed by designers.

The identification led to two core problems which are closely
interwoven and concern the urban environment. First is the
urban carbon lock-in, which as will be further elaborated, can
be seen in the urban morphology of modern cities and makes
them resiliant to sustainability measures. This is the current state
that was caused more than half a century ago by the domination
of fossil fuels and the advances in technology and was spread
partially due to modernism. The abundance of energy and the
new means of spending it in the built environment led to a
deliberation that now it can only be described as a diregard to
climate and its influence on building's energy use. On this grounds
the second core problem is also built, namely the gap between
urban design and engineering. So part of this gap relates
to the fact that years of fossil dependency have disconnected
urban design from climate's influence. The other part is directly
connected to the unexploited potential lying in energy generation
within the urban environment by making use of the most recent
and revolutionary renewable technologies. For both parts of
the gap the engineering and technical knowledge exists but it
remains largely unconnected to urban design. The gap is studied
in the research paper and the results lead to the approach of the
project. Namely, the revision of the built environment based on
conservation and production of energy on the urban level.

Therefore after making this gap more explicit through literature
review, the first step of the project is to gather the aforementioned
engineering and technical knowledge and after relating it to the
urban morphology, to present it in a focused and concentrated
framework. This framework is presented in the Energy & Climate
Matrix, it addresses both energy use and sustainable energy
production and it is meant for urban designers. For this climate-
responsive and energy-active urban aesign are proposed as
tools for the urban designer. The second step is to actually identify
in cities the spatial manifestation of the carbon lock-in. Post-war
neighbourhoods are chosen as a typical example since they are
clearly connected to that era and they were the most immense
projects where the ideas of modernism took place. After gathering
their most common morphological characteristics and comparing
them with those of the Matrix, a set of design solutions are
drafted. By formulating them into useful and repeatable solutions
for the aforementioned typology a catalogue of Design Patterns
is formulated. These patterns have - unavoidably - some local
characteristics (due to climatic reliance) and their effectiveness
as design solutions is being tested in the Case stuady. Final goal
of this project is also to extract steps that can be followed by
designers formulating a Design method. Namely, to organise a
process that if followed can contribute to sustainability in terms
of energy and - in the long run - to the urban energy transition.

‘Smart systems are not only about new technologies and new aesigns, it s about creating
a mental maps. Pushing people to think about the future instead of the past. hats
the role of the designer: to be this hippie with a business pian, to come up with new

dreams, but also with new proposals.”

Daan Roosegaarde, designer in Studio Roosegaarde




" We modems still tend to take energy as a largely neutral aspect of social life. But the
forms of energy we use, and how we use them, shape society through and
through.|...) Our expectations, our sensibilities, our habits, our ways of being in and
moving across the world, how we imagine ourselves in relation to nature, as well as in
relation to each other, these have all been sculpted by and in relation to the massively
expanded energies of the fossil fuel era. "

Imre Szeman on Petrocultures, MIT Energy Initiative, October 24 (2017)

In Beriin, the German government is building a "House of the Future” in which citizens,
architects and planners can experiment and explore the world of tomorrow. What is clear
IS that Imagination and creativily are just as essential as efficient technologies
and generating capacity.

Thus history and the arts must have a central part to play in how we imagine and plan
our energy futures.

Professor Frank Trentmann and Rebecca Wright

'On the one hand there are best-practice models of aevelopment which focus on a
one-size-1its-all solution without properconsideration of the implementation contexts.
On the other; there are rich stuaies which immeaiately point towaras the complexity and
uniqueness of each urban area. Yet, in the context of an urban energy transition,
one which engages with the global challenges of urbanisation and sustainable
energy, we need tools to manage this complexity, opening up spaces to leam
from Similarities and differences. "

V.G, Broto (Broto, 2017)

"...you are going to see a lot of peaple in the Netherlanas wanting to have their own
power plant. Why would they want to be stuck in getting electricity where they have to
pay a big tax on it and then they have to rely on the price of oil and fossil fuels on real
markers that shoot through the roof or nuclear power that is too expensive, when they
can produce their own electricity?..”

Jeremy Rifkin, Tegenlich Talks



2. MOTIVATION

The initial motivation stemmed from the potentials lying in the
renewable resources and the related technologies towards
the much needed energy transition on a global scale. A number
of facts such as fossil resources depletion, climate change,
unhealthy urban environments, the rising global middle class,
etc. have created this necessity and SET (Sustainable Energy
Technology) is rapidly evolving towards making independency
from fossil fuels possible. Indeed in countries like Germany
energy produced from renewable sources is rising reaching 35%
in the first half of 2017 (Wacket & Kirschbaum, 2017), however
a significant part of this energy is generated via large scale plants
(wind farms, solar parks, etc.). Most articles, papers, books or talks
related to the energy transition state quite clearly that the energy
transition will inevitably take place in the future (Wei, Cameron,
Harris, Prattico, Scheerder, and Zhou, 2016; Roggema, 2009;
Loorbach, 2007). The scale of this transition and the variety of
its stake holders (governments, NGOs, energy companies, end
users, etc.) as well as its strong linkage to economy, influence
not only the speed in which it will take place but also the manner.
The manner of the transition is my second and even more
significant motivation. Looking for example into the transition
towards the fossil-based (current) economy, created social
and economic injustice. The fossil resources that were globally
used, were controlled and distributed through a large scale and
centralized system that created various issues. Observing the
sustainable energy transition — as it is happening so far — one can
see the same energy companies of the fossil economy investing
in SET and building wind and solar parks.These observations
led me 1o extrapolate that even though no one can predict the
future equilibrium, it would be desirable to create the appropriate
systems to go beyond changing our energy resources.

Discovering all these aspects has been an immensely interesting
experience for me and it is something | continue to explore.
All those ideas for decentralized energy systems and the
potential contribution to the development of a more just system,
triggered my interest in exploring how could that be possible in
a neighbourhood and what in the end is the role of the local
element. So, as already described the fields or disciplines that the
energy transition connects to are so many that the question that
came to me in the end was “What is the role of urban design
within this multifaceted transition?". Firstly the exploration of
urban form in order to discover the traces of fossil dependency
and then actually trying to imagine the future of the energy
transition and how this new energy form could become evident
in the future urban form, stirred my enthousiasm throughout the
project. Therefore it became my ambition to explore how we
can revise our built environment and the practices of urban
adesign in order to facilitate the energy transition within cities

So the most important question is: How can we design for
the energy transition? Similarly to water sensitive design, can
we create energy sensitive design within urban environments?
For that purpose design solutions and proposals that take into
account engineering, technology and urban environments are
necessary. Because as Daan Roosegaarde (designer in the
Studio Roosegaarde) pointed out: "That's the role of the designer:
(..), to come up with new dreams, but also with new proposals.”
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Making the transition by:

1. not changing our spending patterns,

2. only producing on a massive Scale (wina/solar
parks, etc,) and away from urban environments

will occupy tremenaous amounts of the already limited

free space.

3.1. URGENCY

Perhaps the earliest sign that fossil dependency would become a
global issue was environmental pollution. Burning of fuels creates
contamination to soil, water and air. It initiated as an important
phenomenon from the industrial revolution but it grew substantially
with the discovery of large oil and gas reserves. The exploitation
of these reserves after some decades it turned environmental
pollution to an actual crisis. This environmental crisis has been
present for more than half a century — scientists have been
studying global warming from the 60s — but only recently has it
started becoming more and more apparent in our lives. Extreme
weather phenomenon such as heat waves, coastal flooding,
and severe droughts on some areas and extreme precipitation
on others, are directly linked to climate change and they are
influencing people’s lives around the world. In the Netherlands,
rising sea level and coastal flooding poses a grave threat for the
whole country but also phenomenon such as supercells which in
2016 produced hailstones “the size of tennis balls” (dutchnews.
nl) causing at the greenhouses of North Brabant alone, damages
of millions of euros. At the same time the fossil resources are
facing depletion (fig. 1) and the reserves are becoming smaller
and less economically viable to extract (Murphy & Hall, 2011).
In the Netherlands the natural gas field in Slochteren has aimost
depleted and the fracking technique that is used in order to
extract more gas is causing the so-called “shallow gas quakes”.
Therefore it is widely acceptable that the energy transition
towards renewable energy sources will inevitably occur (Rotmans
et al., 2001; Loorbach, Van der Brugge and Taanman, 2008;
Hocks, 2017; Kokhuis, 2017; Witte, 2017).

It is crucial, however to point out that the issue of the urgency is
linked more closely than anything else to cities. As Petit (2017)
emphatically highlights urbanization worldwide will reach 61%
in 2035 and increase even further to 70% in 2050. At the
same time, the global middle class that emerges in metropolitan
areas has resulted in a significant increase in energy demands
— in other words the “imperial mode of living” (Brand & Wissen,
2012). This lifestyle has been shaped by the abundance — until
now — , ease of access and low prices of fossil resources (Van
den Dobbelsteen, Broersma & Stremke, 20171). Therefore our
current energy-spending trend — expressed in our lifestyle as
well as in the spatial configuration of the urban environments —
i considered unsustainable if we are to use 100% renewable
energy (Van Timmeren & Henriquez, 2013). It becomes evident
then that the urgency for energy transition has at its core, the
sustainable transition of our cities.



3.2. URBAN CARBON LOCK-IN

As itis going to be explained further on, the fossil era has affected
both urban environments and users’ behaviour and it has created
unsustainable cities which are currently in a state of — as Broto
(2017) describes it — carbon lock-in. The discovery of large fossil
fuel reserves is a historical event which made socio-technical
and socio-ecological systems to coevolve — development of
institutions, economic interests, lifestyles and technological
developments — in a deterministic pattern that created an inertia.
The present in such cases remains within this inertia and whatever
differentiates from the established systems meets resistance, for
instance renewable energy and sustainable development. In other
words, as Broto (2017: 757) describes it, “with the development
of infrastructures, institutions and social habits, moving away from
fossil fuels may prove an impossible enterprise, which is described
as carbon lock-in", This state finds its spatial manifestation in the
city in terms of urban obduracy, namely the resistance of the built
environment to change following our current needs.

This lock-in state acquires action on specific aspects of cities
and by specific actors. This project provides an overview of these
aspects and actors, but it will focus on the urban morphology
and on professionals of the built environment, in particular urban
designers and engineers. The focus on those two types of
professionals, is not intended to illustrate their individual duties.
On the contrary it is intended to explore the gap between the two
and then on which aspects of the urban context their collaboration
can contribute in successfully overcoming our carbon lock-in.

! ... the magic of M hot water!
- At the tum of & tap, day or night, everyday and everywhere,

Gas andl oply gas can moet your every hot water moed —instantly,
ocomemically, codlesly —withomt wante, withost work, without waiting!

(
AW
You'll bless the day # came to stay!
fnomd by P G S 8
%

Advertisement from the 50's, in small letters "at the turn of a tap, day or night,
everyday and everywhere. Gas and only gas can meet your every hot water need
— instantly, economically, endlessly — without waste, without work, without waiting!"
(source: http://vintage-ads.livejournal.com/tag/baby)
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Business Shell creates green energy division to
invest in wind power

Insiders say oil firm’s New Energies renewables arm could grow very
big, but not for a decade or more

Terry Macalister
Energy editor

¥ @TerryMac999
Sun 15 May 2016
16.08 BST
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A A leading economist has warned oil firms such as Shell that they must change or face a brutal end" within 10
years. Photograph: Peter Dejong/AP

in small letters: "A leading economist has warned oil firms such as Shell that the must
change or face a 'brutal end" within 10 years" (source: The Guardian)

“Fuel of the Future” today
GASOLINE

AUGUST  Thoro-Fost” service means auick
but ful—that' free-service \
SERUICE o et s e,

7IP Fast” check-up every hundred miles. -

Shell ad from 1941: "Fuel of the Future"; in comparison with the figure above one
can see the change in future perspective of the same colossal company then and
now (source: https://io9.gizmodo.com/glorious-gasoline-ads-from-the-dieselpunk-
days-1525811023
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highly fluctuating renewable energy (source: hitp://www.hydrogenious.net/en/energy-
storage/)
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3.3. TECHNOLOGY: LIMITATIONS &
POTENTIAL

First there needs to be a thorough consideration of how the energy
transition is pursued so far and of the role of renewable energy
technologies. So the transition is currently being pursued mostly
via wind farms in the sea, on the mountains and on agricultural
land, and solar parks in the dessert or again on agricultural land.
Meanwhile technological progress has allowed these technologies
to become more efficient, less expensive and more adaptable,
and their potential can be seen also in the fact that fossil giants
(e.0. Shell or ExxonMobil) are investing in renewable energy. But
also in literature (Berger, 2014) we can see that there is a popular
“misconception that dealing with the environment is merely
an engineering problem to be overcome by technology”
as Carmona states (p.52, Carmona, 2009). The way they
are currently applied though (like aforementioned), in oceans,
desserts, forests, agricultural land, mountains or any other so-
called free space, it occupies more and more of the available
land. Thus if we are also to take into consideration the growing
population, urbanization rates and our current spending patterns,
the energy demand will grow exponentially in the future. Will we
be able then to accommodate all our needs and our population
in, for instance, 20507 So based on the most common definition
of sustainable development , are the current practices sufficient
to make a successtul transition or the future generations will have
to face similar issues?

Furthermore, solar parks or wind turbines in the ocean can
provide with large amounts of energy but firstly new national
electricity networks need to be made in order to adapt to the
type of energy that for instance new types of wind turbines
produce . As history has exhibited no matter how much technical
knowledge it might exist, systems of this scale always meet (un)
expected issues that because of the central control could black-
out whole cities at times. Typical examples of such immense
electricity shortages were those of the 20th century when our
primary energy source was gas and oil. These disruptions were
mostly caused by the exponential growth of energy demand
and the complexity of the electricity network system, among
others. As aforementioned these are still relevant in the energy
source transition to come. Besides, fossil resources at least have
a steady production rate, renewable sources on the other hand
such as wind and sun have unstable production rates (fig. 2).
This is also why ongoing research is focused on finding ways of
successfully storing energy, but even in this front the obstacles
seem to be hard to overcome. For instance, the energy produced
by wind turbines can only be stored briefly and therefore many
countries, such as Germany, use hydroelectric systems to store
the energy. This system is appropriate for alpine regions which for
the Netherlands, for example, is not possible.



At the same time though, technology can have another side apart
from large scale plants. Indeed there is huge potential in the use
of renewables in a smaller scale and within cities. We can see
that there are already applications of renewable technologies
within the urban environment, from solar panels on roofs to
small wind turbines on apartment blocks or non-residential
buildings. Therefore, it is visible that these technologies have
already penetrated the cities and designers are already engaged
with incorporating them. Strengthening the intraurban presence
of renewables is, firstly, desirable in terms of energy stability
on a local scale and, secondly, possible since it lies on design
solutions which can utilize the new technologies. However in
order to actually take place in the optimum way there is a gap
to be bridged between technology and design practices. Indeed
in an interview (conducted by the author), Borris Hocks — urban
designer and cofounding member of the Dutch office for spatial
strategies "Posad”, employed also in energy projects — stated
that there is a need for developing a design language similar
to the water-sensitive design language. Namely designers so far
have been applying engineering solutions, by learning technical
details and spatial restrictions, but there is a need for learning
how to design with those technologies (Hocks, 2017). Similarly,
organisations such as Architecture 2030 — established in 2002
by the architect Edward Mazria — consider the architects duty
to provide innovative solutions for the built environment by
creating strategies and making use of technologies (fig. 3). This
is more than desireable since local intraurban energy production
can stabilize the relationship between energy production and
demand. It can provide a certain level of self-sufficiency on the
neighbourhood level and engage users in the process.

Design solutions within cities are, undoubtedly, necessary in our
trajectory to the urban energy transition, and so are wind farms
and solar parks, but they are not sufficient (Janda, 2011). As
aforementioned (see 3.3) if we are to take the future of cities
into consideration, we need to go beyond energy production. We
need to reinvent the way we perceive our urban environments
and our relationship with energy holistically.

Zeekracht: an energy productive ring of windmills in the North sea by OMA (source:

OMA)
DESIGN TECHNOLOGIES OFF-SITE RENEWABLE
STRATEGIES AND SYSTEMS ENERGY
The largest energy Including on-site renewabie 20% maximum.

reductions can be
achieved through design.

energy systems.

Meeting the 2030 Challenge
the pathway towards carbon neutral by 2030 as illustrated in the 2030 challenge
(source: architecture2030.0rg)




3.4. TRACING THE GAP

As it has been observed (Janda & Parag, 2013; Van Den
Dobbelsteen et al., 2011), there is a gap between urban design
and engineering in our trajectory towards the energy transition.
Part of this gap has been already addressed in the previous
sub-chapter (3.3), however an even bigger gap exists when it
comes to the relation between climate and energy use. This sub-
chapter explores the reason for its existence and the ways it can
be addressed which are practiced in the main part of the project.

Droege (2006) in his book “The renewable city: a comprehensive
guide to an urban revolution”, studies the connection between
cities and energy. Interestingly the particular subchapter of
the book is entitled “Form follows fuel”. In this subchapter, he
describes how the coal influenced not only the expansion of cities
but also their development along rail corridors due to the steam
engine and how electricity (that stemmed from coal) transformed
cities into “magic citadels of bright lights and motorised motion”
(Droege, 2006: 131). Later on the oil and gas fully facilitated the
growth of cities and served well in the steep housing demands of
the post-war period. With oil and gas there is not even the need
for proximity to the source as with coal. The extraction points are
located far from cities and transportation services along with a
large centralized distribution networks provide cities with ‘invisible’
energy (Hommels, 2005). Buildings, streets, transportation
services, household devices were all built with dependence to
this fuel system.

Therefore it is visible that the gap is not as simple as initially
perceived. On the contrary it is deeply rooted into the urban form
as it was shaped by the fossil era. Namely, the abundance of
fossil resources and the invisibility of its source and access, have
led urban development to become energy-costly. For instance

the megastructures of the 70s that were made possible because
of the development of central heating which gave people the
opportunity to heat their houses or their water by the turn of a tap,
and at the same time the materials used for their construction they
provided no insulation. Or the post-war neighbourhoods which
were built in the same form and with same materials in different
countries with completely different climatic and local conditions
(Olygay et al., 2015). This process has been ongoing for the last
half century and more, leading to a generation not only of end
users (Janda, 2011) but also professionals (architects, planners,
engineers, etc.), which are alienated from climatic conditions and
any awareness of how they are connected to energy use. This is
also evident when looking into the ecological footprint per capita
of each country (fig. 4). Western developed countries even
though they possess the technological and economic means to
reduce their ecological footprint, they seem to have the largest
environmental impact and they also appear to be unaware of it
(Carmona, 2009).

This is essentially the state of carbon lock-in that Broto (2017)
analyses and it is manifested in various ways within the urban
context. In this paper the focus of energy related unsustainability
lies mostly on the built environment as one of the largest impact
factors - users’ behaviour is also taken into account but through
the practice of urban design and how it can practically engage
users. The built environment will be addressed as the ground
of collaboration between urban designers and engineers.
Perspectives on users’ behaviour and its importance and potential
will be briefly presented in the latter part of this paper.

In the built environment, existing knowledge is more limited
and there are still key features that affect energy consumption
which are mostly ignored by practitioners. For instance lack of

x = ecological footprint
(global hectares per capita)

W10sx<11
Wos<x<10

No data

World map of countries by ecological footprint; data is given in global hectares per capita — data of 2016 (source: wikipedia)
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vegetation, concrete and asphalt have led to the urban heat island
effect (Newman et al., 2017), which has affected even countries
with cooler climates creating various issues including health
problems. Furthermore there is a direct link between urban heat
island and space heating requirements. But urban heat island is
a phenomenon that becomes more evident in cities in particular
periods and it is still less prominent in colder climates such as
the dutch climate. As Owens (1987) describes in her article “The
urban future: does energy really matter”, the micro-climate and
al elements of the built form — orientation, height and density of
buildings, width of roads, vegetation, etc. — that affect it on a local
level have an immense influence on the thermal comfort inside
buildings and therefore on energy consumption. The root of this
problem lies in fossil fuels as a cheap energy that shaped urban
areas — built since the coal era and even more, later in the oil and
gas era — ignorant to the local context (Droege, 2006). Namely,
climate - weather conditions, sunlight, wind, etc. — orientation and
materials, all of which were important before fossil fuels. Climatic
distinctions that characterized urban settlements — such as bright
colours or small windows for warm climates or dark colours and
narrow streets for windy and cold climates — have been forsaken.
And itis of course no coincidence that the two large urban growth
periods — 19th and 20th century — took place hand in hand with
this fuel system. But precisely this fact makes sustainability even
harder to pursue due to rigid structures which are in place and
thus hard to change. Therefore the challenge of our century is on
one hand, as Droege states (1987 131), “undoing the negative
effects of almost three generations of planning priorities bred
in an era that was gripped by great collective delusions about
limitless growth”, And on the other hand to solve this problem
on the local context by producing climate- and energy-sensitive
design solutions.

In brief, there is a paradox when it comes to technology and
urban context. Technology seems — especially nowadays — to
evolve rapidly. On the other hand, its spatial manifestation in the
urban context — infrastructure, bridges, transportation facilities,
etc. — is fixed, stable and obdurate (Hommels, 2005). This
obduracy can be more easily perceived when considering a more
specific example. To this direction we need to consider when
the fossil era mostly influenced the built environment and the
answer is during the post-war period. The cities were immensely
expanded because of the baby-boom and new residential areas
were constructed on the outskirts of the existing cities. This will
be further explained in the next sub-chapter.

Greek islands: white walls, small windows and narrow streets. Photographer: Voula
Papaioannou
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demographics showing post-war babyboom (source: commons.wikimedia.org)
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3.5. POST-WAR NEIGHBOURHOODS
AND DENSIFICATION

As aforementioned post-war residential areas have benn built in
the peak of the fossil era and at the same time they constitute the
biggest residential stock of the modern city. The fossil era and
the energy abundance it offered affected the urban form of these
neighbourhoods as it will be further addresed in the according
chapter (Chapter 6). Apart from their importance in observing the
urban obduracy, they pose great potential to address our current
needs. Those needs are characterised by the rising urbanization
rates and the limits of city chores in being densified. Indeed
modern cities have densified to a maximum level — in their vast
majority — and at the same time they have spread in expense
of nature already a lot. In the post-war period when technology
was advancing in various ways, industrialization and new materials
allowed for whole residential areas to be built fast on the outskirts
of the cities. Mobility was rising as well with the commercialization
of private vehicles resulting in the famous now phenomenon of
suburbia. Back then it seemed that with the help of technology
growth wouldn't be a problem. Today, however we are facing a
radically different reality; the limitless growth ideas belong to the
past. Especially in the Netherlands where almost every parcel of
land is characterized by a land use, densification seems inevitable.

Finding where and how to densify is of great importance. The
centres of cities are already too densified and in many cities
on a level that there are huge issues such as air pollution and
floodings (lack of permeability), to name a few. If we go back
to the description of the post-war period as the era of ideas of
unlimited growth, we can already get a sense of the way the
residential areas built back then had no spatial limits. Indeed post-
war neighbourhoods — as it will be further explained in chapter
6 — were planned on the expense of nature. Of course this is
something that on one hand can be explained by the principles
of the modernism movement in architecture, and on the other
exactly because of these principles it cannot be disregarded as
something fundamentally wrong. Therefore when proposing to
densify post-war neighbourhoods we should bear in mind that
there is value in many of the spatial qualities they have.

So, without of course overruling the past, post-war neighbourhoods
are considered a good starting ground for densification. The basic
reasons for this are the following:

sparse — space for densification

monotonous — need to be restructured

social mixing failed

fastly decaying

36% of dutch housing stock

existing plans for transformation



Table 1 The Dutch building stock in numbers (source:Platform31, 2013).

Total Post-war Total Post-war Industrialised
residential residential stock apartment apartment systems (all
stock (1946-1974) flats flats dwelling types
no. dwellings 7300000 2600000 878000 381000 450000
% of the total stock inthe NL 36% 12% 9% 6%

Source: "An integrated design process for a zero-energy refurbishment prototype for post-war residential buildings in the Netherlands", Konstantinou
etal., 2015

"Stedelijke vernieuwing, rollen en samenwerken", source: ‘Naoorlogse wiken, Anders kijken', Lydia Buist-Izelaar, 2014
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3.6. PROBLEM STATEMENT

The urgency of the energy transition coupled with the current
carbon lock-in create a complex situation which grows beyond
the energy transition as pursued so far. This challenge requires to
revise our current practices (gap) and the urban built environment
(carbon lock-in) in order to also sustain the rising urbanization
rates. Urbanization needs to be addressed differently than in the
past. It needs a new approach that will make the new urban
environments  more  climate-responsive  and — energy-active.
At the same time no more 'free’ land must be claimed in the
process, existing urban areas need to be densified within this new
approach.
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41 RESEARCH QUESTIONS

MAIN RESEARCH QUESTION

On our way to the urban energy transition, what are the spatial interventions needed in
that, based on principles of (eliElERESNORSVERERS

and EcioymewuEReEslely, can reduce building energy use and increase sustainable
energy production?

. . energy and climate Matrix

Typology of dutch post-war neighbourhoods
. . Design Patterns & Case study

SUB-RESEARCH QUESTIONS

What characteristics/parameters of the urban form affect the
micro-climate?

Which are the optimum characteristics of urban morphology for , L v eve e >
the Dutch climate?

How can the optimum characteristics and renewable energy

technologies be coupled and integrated into applicable urban eeeeeecceess P
design solutions?

Which parameters should be considered and which steps should

be followed in applying those design patterns in an existing Post- eeeeeeeeeeee P (OEREEN0]
war neighbourhood?

Which are the elements, that can be effectively extracted from |, v eeeeve oo > T
the overall process in order to contribute to climate-responsive
and energy-active urban design?

seccccceccec P |jferature review

energy & climate Matrix



. . M
site-specific

generic

Design
Patterns

mapping of a
gap & design
ideas

Matrix
principles for
optimum

\\\ e, ‘,
= other Cases =
Case study RS
testbed of the ™ & W
DP & the new \\}\' rr

urban landscape

STEPS OF THE PROJECT

|
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4.2 GOALS & FINAL PRODUCTS

GOALS

The ultimate goal of the current graduation project is to explore the
path towards the urban energy transition and offer actual design
solutions as to how it can be pursued. The intention of the author,
however is not only to incorporate renewables in the urban fabric.
It is to look deeper into what the transition towards renewables
implies on 3 different levels: technology, built environment and
users. As it is aforementioned the type of energy used affects
all different aspects of society so it grows beyond changing the
energy source. Therefore, by creating a better understanding of
our current practices - in building, designing, using energy, etc as
influenced by the fossil economy - this project aspires to propose
new practices. New practices are also seen as a way of densifying
the existing urban fabric to respond to urbanization rates. Keeping
as main focus urban porphology and design, those practices can
be determined by applying climate-responsive and energy-active
urban design.

However, given the fact that this fiels remains still more of an
unexplored territory, there is a need for creative design solutions
(patterns) as well as practical application that can show the
applicability of those solutions in real space. Densifiaction....
Finally, in order to move towards the urban energy transition,
the author aims to overcome the local context. Both by locating
extractible characteristics within the design solutions, but most
importantly by proposing steps and elements that should be taken
into account when applying climate-responsive and energy-active
urban design. This basically entails the afforementioned change
in practices and a set of steps that practitioners can explore
towards the transition.

FINAL PRODUCTS

Energy & climate Matrix

Design patterns

Case study: post-war neighbourhood of south Schiebroek -
where the design patterns will be applied

Design method - contributing in climate-responsive and energy-
active urban design
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4.4. TIMEPLANNING
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4.5. RELEVANCE

SOCIAL RELEVANCE

The rapid pace of urbanization (Petit, 2017) and the “imperial
mode of living” (Brand and Wissen, 2012), in combination with
emerging economies such as Brazil or China which increase the
existing high pressure on energy resources, create a significant
urgency. At the same time fossil resources become more and
more scarce and climate change more and more evident. It
seems therefore that the energy transition towards renewable
energy sources is inevitable. However, as aforementioned
the manner in which the transition will eventually materialize is
extremely important on many different levels — economic, social
as well as for natural and urban environments. For instance the
oil-based economy created social and economic injustice as well
as immense crises. This graduation project aspires to explore
the potentials for a socially inclusive transition by exploring
the potential lying in acting locally. As explored in literature
decentralized energy systems can restore the social and financial
injustice that the centralized fossil system created. So in this
project design solutions are sought that could strengthen both
local energy production and in general the balance between
supply and demand by designing for energy conservation. Finally
energy productive public spaces are proposed in this project in
the direction of not only making people more aware of energy
but also to offer spaces fueled by renewable energy for the
community by providing the opportunity for more activities in the
public sphere.



SCIENTIFIC RELEVANCE

As described in the problem statement, the current stage
of implication of renewable energy technologies is limited in
either intensive energy production fields (solar and wind parks,
hydropower plants, etc) or in specific urban interventions which
are however limited in productivity to cater for the needs of the
habitants (e.g. solar roofs). In pursuit of a green economy and
energy self-sufficiency in urban environments, partial energy
production is not sufficient, we need to design for balance in
supply and demand. This endeavour will take place in urban
environments and therefore new urban energy systems and urban
forms need to be proposed. Currently, these kind of interventions
are carried out mostly by energy experts while urban designers
are either indifferent to these technologies or lacking knowledge.
This gap is what this graduation project wants to address by,
firstly, gathering knowledge related to the relationship between
energy and the built environment. And secondly, by translating
this knowledge in space and proposing design solutions that will
allow for cities to spend less energy as well as produce their own
energy.
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5

CLIMATE-RESPONSIVE & ENERGY-ACTIVE
URBAN DESIGN: A MATRIX
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5.1. SUD FRAMEWORK

In this thesis Sustainable Urban Design (SUD) is described as
an overarching framework which can provide the basis for the
development of the desired collaboration between urban designers
and engineers. For this purpose Nico Larco’s paper (2016)
entitied “Sustainable urban design — a (draft) framework”
i5 chosen since it incorporates different theory models on
sustainable development and provides a comprehensive and
aggregate framework with clear focus on design, purposed for
practitioners.

Larco's paper is aimed to address the lack of a cohesive
framework that could guide practitioners on which elements
are 1o be sustained and how, and on how they relate to each
other. So Larco is providing an overarching framework that
can help locate synergies and trade-offs that a single design
move can entail in terms of sustainability. This is built by tracing
the commonalities among the various models of sustainable
development (e.g. Kenworthy’s ‘Critical Eco-city Dimensions’)
and making a framework — illustrated via a comprehensive
matrix — that is organized in relation to the specific elements
of urban design that affect sustainability. The actual matrix
consists of 5 focus areas of sustainable design and geographic
scales — from regional to parcel/project. The focus areas, as
aforementioned, stem from the commonalities of the different
models. In this way it becomes more tangible to understand what
Kkind of relationships can exist between different focus areas
but also different scales. For instance by looking into Larco's
matrix it becomes easily visible that compact development not

marktplaats voor professionele upcyclers

Materialen Gebruikers

only improves energy use but also is desirable in ecological and
water-related sustainability, since it limits the impact on natural
systems (see table in opposite page).In this project (and further
on in the thesis) from the five primary focus areas only one is
being studied in detail: energy use and production (based on
non-transport related uses). This focus area is subdivided to three
additional focus areas: building energy use, outdoor lighting and
embodied energy. All of them need to be addressed through
the transdisciplinary collaboration that is proposed and design
solutions and spatial principles need to be developed.

In the current thesis, even though all aspects are considered
important, only building energy use is addressed. However it
needs to be pointed out that whereas for outdoor lighting there has
already been progress in many countries, in relation to embodied
energy little is being done and awareness is still not achieved.
It grows beyond our current understanding due to the ease of
material access and transportation but we need to again reinvent
the process of getting materials, and constructing (/assembling)
and demolishing (/dismantling) buildings. There have been a few
attempts related to reuse of materials among others. For instance
in the Netherlands, via an online platform that shows available
materials on a map to reinforce also the locality of supply (fig. 5).

The aim of the author is to offer a brief description of building
energy use, and to highlight the areas where the gap exists and the
potentials stemming from the desired collaboration. At the same
time it is acknowledged that the nature of this gap is something
that cannot be bridged by the author, but possible pathways are
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"Masdar City combines state-of-the-art
technologies with the planning principals
of traditional Arab settlements to create a
desert community that aims to be carbon
neutral and zero waste."

(source: https://www.fosterandpartners.com/projects/masdar-city/)

Housing designed in relation to the dessert climate and a wind tower within Masdar.
Photograph: Clint McLean/Corbis (source: The Guardian)
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explored and proposals will be made towards bridging this gap.
The building energy use s first and foremost, highly dependent
on the climatic conditions. But as aforementioned, local climatic
conditions are significantly /influenced by the urban form. In
particular it influences humidity, wind strength and temperature,
to mention a few, however the way on which the form influences
them is an unknown field for urban designers. Some of the basic
elements that should, and in some cases are already taken
into consideration are: solar orientation, buildings’ sizes and
depth, density and wind patterns. All those elements though are
extremely dependent on local climatic conditions. Moreover often
there can be design decisions that while benefiting one of
the conditions, they collide with others. The climatic conditions
and the physical rules concerning them are a knowledge field
that belongs to physicists, engineers and environmental scientists.
However the urban form is — and should be — designed by
urban designers, which makes it clear that there needs to be a
transfer of knowledge across disciplines in order for successful
design solutions and spatial disciplines to be developed. There
are existing examples that similar attempts have been made, for
instance the Solar Quarter in Regensburg (Germany) or Masdar
City (UAE), both by Foster and partners (fig. 6). Examples such as
these can help along with examples from vernacular architecture
in giving a better insight into physical rules that have to be followed




for climate- and energy-sensitive aesign.

At this point it should be noted that even though Larco provides
a very cohesive and aggregate framework, there is the need for
more information in order for practitioners to be able to actually
use this kind of matrix. The knowledge that needs to be developed
in order to deliver successtul principles and designs, should also
incorporate values and data that will enable SUD to become less
vague and qualitative. For instance, the urban heat island is an
effect which can be described in a qualitative manner but it can
also be measured (Larco, 2016). There is a need to develop
indicatorsin a similar way, for instance an indicator that would be
able by taking into consideration the strength and direction of the
wind to calculate the optimum height of buildings or width of open
space between buildings, based on the local climatic conditions.
However this kind of data even though they exist for some values,
what s also lacking Is an organizational structure that will
enable practitioners to be able, firstly not to get lost with various
data, and secondly to compare them and identify trade-offs
between different elements — e.g. wind and sun requirements
related to density. Similarly it could work for a possible table
of materials, incorporating characteristics related to locality of
access, construction and demolition energy requirements, etc. —
as related to embodied energy. This kind of matrixes could help
urban designers to weigh different choices and decide accordingly
to each case’s requirements and potentials. This is the gap that
the exchange of knowledge across disciplines — urban designers
and engineers — will need to fill in the immediate future towards
the urban energy transition.

The diagrams illustrate the approach of the designers to ecologically responsible design, from the project: Solar quarter in Regensburg, Germany, by Norman Foster and Partners

(1996) (source: Ruano, 1999: 45)
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- Temperate zone
- Subtropical zone
- Tropical zone

- Polar and subpolar zone

Political Map of the World, November 2011

The 4 major climate zones. The characteristics of the climate zones change depending on the local geographic characteristics (mountains, valleys, ocean, etc.) (source: hitps://content.
meteoblue.com/en/meteoscool/general-climate-zones)
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Since this project's emphasis lies on the urban energy transition
the focus area chosen to emphasize on is, as aforementioned,
the energy use and production — and in specific the building
energy use. Therefore, when looking the table in more detail on
those specific parts there is another gap that this framework
cannot cover. As Larco also mentions in his paper: "/t should be
emphasized that this framework is meant to help define the topics
that need to be adaressed, not necessarily how they are adaressed
as this Is determined in part by local conditions." (Larco, 2016
19). In the case of building energy use, local conditions are ever
more relevant due to the /importance of climate on the energy
consumption connected to buildings. For instance in Larco's
framework compact development is considered a contributing
factor of sustainability when related to energy use. And though
that is true when related to transport for reasons of proximity that
limit travel distances, in relation to non-transport energy use it is
more complicated. On one side compact development does limit
embodied energy in infrastructure, but on the other the building
energy use is not universally benefited by this kind of development
because it is highly dependent on climatic conditions. So in cool
climates (polar and subpolar) compact city form could help in
protecting from the cold winds, but in hot-humid areas (part of the
tropical zone) compact development wouldn't allow for breezes
to pass through and help in the evaporation of the moisture
(Olygay, 2015).

Therefore, in this project a new framework is proposed which lies
within the overarching framework of SUD by Larco, but addresses
energy use and production in relation to building energy use. To
assist in setting the framework on the right basis two notions are

used, linked with energy production and energy use accordingly:

e Fnergy-active urban design is purposed to provide
innovative design solutions that enable the production of
renewable energy on a local level within the urban fabric.

e (limate-responsive urban design is purposed to provide
design solutions regarding the urban morphology, which
respond to the local climate. Offering the potential for reduced
building energy use even before building design takes place.

Those two notions of urban design set the guiding principles
of urban design as pursued in this project. They are not to be
considered as two separate branches of sustainable urban
design, but as two more targeted and defined parts of it.

On this matter, as already discussed, exists a knowledge gap
between urban designers and engineers and there is the need
for covering the unfamiliar ground of the relationship between
climatic conaitions and urban morphology. The intention in this
projectis, on one hand, through relevant examples of sustainable
urban morphology and different scientific principles related to
climate and physics (behaviour of physical forms), to provide
with some optimum characteristics of urban morphology for a
specific climate, that will limit the building energy use. And on the
other hand to collect different technologies of renewables that
are appropriate for urban environments and that take advantage
of local climatic conditions in the optimum way. Those two tasks
respond accordingly to climate-responsive and to energy-active
urban design. Apart from that there is recommendation for further
transdisciplinary research that could go beyond examples and
best practices and towards discovering the true potential existing
in the collaboration among science, technology and urban design.

Sustainable Urban Design

N\ /

b/
Energy-active urban design..

...provides innovative design
solutions for local production of
renewable energy within the
urban fabric.

~ L~

Climate-responsive urban design..

...provides design solutions regarding the
urban morphology, in response to the local
climate. Reducing building energy use,
before building design takes place.
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addiphion mazds

bottom: "Sun and wind, the two main influences in
physical orientation", drawing shows the different
latitudes (connected with different climates), two

graphs related to insolation and orientation, and
finally the needs for sun or wind depending on the

formulate the parameters of urban morphology of
season (Olygay et al., 2015: 55)

the matrix highlighted. The elements of this part
the Energy & Climate Matrix

top: Nico Larco's SUD framework matrix with
the "Energy use/prodution (non-transp.)" part of
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5.2. ENERGY & CLIMATE MATRIX

Platting for climate-sensitive and energy-active urban design —
in the current project — requires the appropriate examples and
scientific principles of optimum urban morphology characteristics
related to building energy use and technologies of renewables. But
it also requires an organisational structure that can allow for this
collection of data to be useful and to help shape a design toolkit,
For that purpose a matrix is made that collects all these examples
and principles, the Energy & Climate Matrix. Larco's matrix is used
as a guiding tool. In particular, the elements of the "Energy use/
production (non-transp.)" part formulate the parameters of urban
morphology. Those parameters constitute the elements which
are being studied in order to uncover the relationship between
urban morphology and energy & climate. This information will
be used in order to formulate the aforementioned design toolkit
— aka the design patterns. The design patterns stem from the
combination of the optimum urban morphology parameters and
the morphological qualities of dutch post-war neighbournoods —
the latter will be analysed in the next chapter. By combining those
two, design patterns can provide with design ideas on climate-
responsive and energy-active urban design. But first the grounds
on which the collaboration of the matrix and the typology will
be set needs to be organised. The morphological parameters/
qualities of the matrix constitute this common ground with the

typology.

As it will be explained further on, the parameters are linked with
specific climatic conditions, based on the premises of the project.
The scales that Larco uses are also used here in the vertical
axis of the project's matrix, along with the parameters in order to
provide an orginisational structure.

For the Energy & Climate Matrix and for this project in general

there are some basic elements — premises — that formulate the

basis of the research:

1. The climate chosen — starting from the Matrix is the Dutch
climate which is defined as temperate maritime climate
highly influenced by the North Sea

WIND

CLIMATE e——>

ENERGY USE #=——>

E o0
o

ENERGY
PRODUCTION

\‘,
S
]

2. Building energy use/production is subdivided in two parts:
energy use and energy production

3. Energy use and energy production are both in relation to
climatic condition in terms of learning how to respond and
benefit from the climate. For climatic conditions wind and
solar are chosen to be studied. Those two climatic conditions
are the most influencial for macro- and micro-climate.
Radiation affects the temperature of the air masses which
determines their movement along with wind that affects the
movement, the temperature but also can effectively shape
the local climate but also change various other values of the
climate (Olygay, 2015). For instance allowing the wind to
flow within a settlement can lift humidity. Wind and solar not
only affect elements of the climate but are directly connected
with buildings' energy use — as it will be further explained
— as well as energy production, which are the focus of this
project. It is therefore made explicit that when stated that
we need to learn to design with climate, the two climatic
conditions used are wind and solar.

4., Climatic conditions change significantly from season to
season, and they require different design approaches. In the
current project winter season is chosen as a focus area.
In temperate climates, such as the dutch, even though the
winters are milder than in cool climates, it is proved that
most of the energy use of buildings is connected to space
heating — as it will be further explained. However due to
urban heat island there is also some consideration regarding
the summer months.

These premises are visible in the final Energy & Climate Matrix

(see chapter 5.3) but they are also cohesively presented in a
small table in the current chapter.

SOLAR

winter D
summer
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GLOBAL HORIZONTAL IRRADIATION

source: http://globalsolaratlas.info
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1. Dutch climate

The dutch climate is the temperate maritime climate, highly
influenced by the North Sea. The winters are mild and the
summers are cool, the temperature extremes are limited. Average
temperature in the summer doesn't go beyond 22°C and in winter
below 0°C. Precipitation is high and evenly dispersed throught the
year,

The climate of the Netherlands is influenced by three factors:
the proximity to the North Sea, the lack of mountains and its
location on a dividing line between warmer and colder zones
(klimaatnederland.nl). Therefore there is often stormy weather
especially since in general areas with that climate are located
within the stormy westerlies (wikipedia.org). Also, even though
the temperature during winter is not so low, wind chill can make
the temperature feel colder (outdoors) and cause heat losses
(indoors-buildings) because of forced convection — as it is
explained in the following page. Finally, in combination with the
high precipitation and the "depressie” (depression) phenomenon,
insolation can be quite limited which affects the temperature.



3. Heat losses from wind & heat gains from solar

Heat transfer in the built environment is basically influenced
by wind and by solar radiation (Olygay et al., 2015; Arens &
Williams, 1977), and it occurs in 3 ways:

a. infiltration, air pressure on a buildings surface due to wind
(windward surface), results in colder air masses entering the
building

b. forced convection; heat losses connected to direct heat
transfer between air masses of different temperatures is
increased due to the forceful movement of the wind.

c. raaiation. heat is tranferred by electromagnetic waves

those 3 heat transfer processes are linked with buildings' energy
use and they will be further explained through some basic physics
principles.

a. Infiltration

Infiltration is the most common cause of heat loss in buildings
and it accounts for 30 to 75% of the total heat losses (Arens
& Williams, 1977: 77). For instance, in the computational fluid
dynamics city models developed by Jurelionis & Bouris in their
paper, a "41% increase in both air change rates and heat
losses caused by air infiltration" was noted. But it is important
to understand what infiltration is and what influences it. So, the
difference in air pressure between the interior and the exterior of
a building along with the wind velocity result in heat flows dug to
large but also microscopic apertures of the buildings envelope.
These kind of apertures can be even small gaps where the wal
meets the window frame, which — especially in post-war buildings
— can be poorly shielded. At this point it is important to stress out
that air pressure in an urban environment depends, among others,
on "the aerodynamics of a building in relation to its surroundings'
(Arens & Williams, 1977: 77). Indeed parameters of the urban
morphology such as density or buildings" geometry, have proven
to affect air pressure and therefore buildings energy use.

b. Forced convection

In order to explain forced convection two heat transfer phenomena

need to be explained:

e conauction. direct transfer of heat between different objects
or substances

e convection. heat is tranferred because of differences in
the density of a fluid (in physics: gas or liquid) caused by
temperature variations

The first one, conauction, is simply the direct exchange of heat
from the inside of the building to its envelope and finally to the
(lower in temperature) air — or the inverse process, from outside
in, depending on which is the warmest air mass. Since the
heat exchange happens from the warm air mass to the colder,

Newton's Law of Cooling

"the rate of heat loss of a body
1s proportional to the dlifference in
temperatures between the body
and its surroundings while under
the effects of a breeze"

dQ
P=—" =HA(T-T0
=g MT-T0

\/
rate at which heat is transferred

conduction — direct heat transfer from indoors to the envelope and
to the outside
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radiation — heat gain by the sun

Example of vernacular architecture typically found in Trgndelag, Norway; the
building material is dark coloured wood that absorbs radiation from the sun during
the cold winter of Norway (source: https://en.wikipedia.org/wiki/Architecture_of_
Norway)

The old settlement (chora) of the greek island Serifos; all houses are painted
white to reflect the sun during the extensive and hot summer of the local climate
(source: http://greece.greekreporter.com)

in winter time it franslates to heat losses for buildings — given
that space heating systems are used. This kind of heat transfer
can be reduced by better insulation and is the most known
and applied kind of energy savings.  Convection is basically
the transfer of heat by bulk movement of a fluid. Therefore it
becomes understandable that the air that gets heated by
conduction from the building's higher temperature, then moves
and lower temperature air comes in touch with the building. In this
way, a repetition of the conduction phenomenon is caused and
consequently more heat is lost from the building.

Forced convectionis basically the above pnenomenon under the
influence of one more phenomenon: the forceful movement of an
air mass. A simple example that could explain this phenomenon
is our daily habit of blowing a hot cup of coffee or a hot bowl of
soup so that it can cool faster. Accordingly, the wind that blows
on the surface of the building causes a forceful movement of the
air mass closest to the buildings envelope that has already being
heated. This process results in the heat inside the building to get
lost even faster than with simple convection.

c. Radiation

Radiation is another form of heat transfer which is extremely
beneficial for winter and it should be platted for, and at the
same time blocked during summer. In this case the heat transfer
occurs via electromagnetic waves which gets absorbed by
materials. The ratio of absorbance depends on the material
and its characteristics. For instance dark colours have a higher
level of heat absorption which is why in cold climates vernacular
architecture is characterized by darker buildings and in hot
climates the buildings have white or light colours to reflect the
radiation. Other ways to control heat transfer from solar radiation
are vegetation, the use of transparent (glass) or solid (walls)
surfaces, overhanging structures, atria, etc.

4.  Why winter season?

In the current project winter season is chosen as main focus of
all measures and design solutions. The reasons for this choice
are linked to the dutch climate, not as a e.g. Kdppen climatic
zone common with other areas of the world, but as specified also
by its geographic characteristics. Therefore, even though winters
are considered mild in the dutch climate — as in any temperate
climate — local wind and solar conditions affect buildings' energy
use during cold moths significantly. Specifically, the strong winds
coming from the North Sea cause significant heat losses and
meanwhile limited insolation means limited passive heating
potential,

Additionally, the post-war residential buildings — that are the
focus of the current project — were poorly insulated so protection
from heat losses during winter months is almost non-existent.



Indeed as it is also visible in the diagram (right), the energy use for
space heating that was recorded in 2015 for dutch mid-terraced
dwellings, shows a significant discrepancy with that used for
summer comfort. Finally, the reliance on central heating and gas
for five decades now, makes the transition to alternative systems
ever harder for the Netherlands.

= But what is really the enerqy & climate matrix?

Another very important characteristic of the matrix in order for
the data as a whole to become more comprehensible, is that
due to different conditions there are often contradictions between
optimum caracteristics. Often a form or orientation which is
optimum for wind it can be less beneficiary for solar radiation.
There is, therefore, the acknowledgement that designing with
climate is a complex process and trade-offs need to be made.
The synergies and trade-offs are part of the design face that
will take place in the case study. In the end the local settings,
the existing structures and possibilities will co-shape the final
design decisions. There is no implication that there is one fix,
one optimum form that can serve as a panacea, but there are
number of optimum morphological parameters linked to specific
measures or principles for wind protection or solar gains and
to specific technologies for energy generation. The matrix
is therefore a database that helps organise all relevant spatial
information related to energy use and production in order to be
used in making energy-informed design decisions.

Inconclusion, the matrix is the accumulation of knowledge
that stemmed from different papers, theories and principles,
and technical details (in the case of renewable technologies).
The actual table presented at the end of this chapter is a
comprehensible and condensed organisation of this information.
Organized in a way that clear connections can be made between
urban morphological qualities and energy use and between
energy production opportunities and their spatial requirements
as part of the urban morphology. If applied as a whole, all the
different elements would clearly create contradictions and — as it
will be further elaboreted — one element (technology or measure)
could negate the other. But the purpose of the matrix is to provide
with the concentrated and focused knowledge which later in the
patterns and even more in the case study will be used to discover
which elements can work well together and which cannot be
combined.

calculated energy demand of typical mid-terraced dwellings
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Calculated energy demand of typical mid-terraced dwellings: for 2015 and zooming
in to space heating (winter energy demands) and summer comfort. Space heating

is responsible for substantially larger energy demand, therefore winter is currently
very demanding in energy consumption. It should be also noted that in the derivative
diagram the hot water is not added to the winter energy demands, but it cannot be
overlooked that the biggest amounts are used during winter months. (left: Looman,
2017: 59; right: deducted from latter by the author)
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5.2.1 ENERGY USE

the most sustainable energy is saved energy.

Reduce the demand for energy by avoiding was The energy use part of the matrix emphasizes to all parameters
and implementing energy-saving measures. of urban morphology that by adapting to the climate can limit
the amount of energy consumed by buildings even before the
Use sustainable scurces of energy building design takes place — or when the buildings are already in
instead of finite fossils fuels. place and improvements on urban morphology are needed. This
part of the matrix forms the basis for climate-responsive urban
design. The aim is by searching through various sources — from

Produce- and use L e , , L
P —— scientific papers and computational models, to physics principles

efficiently based on early settlements — to collect data on the optimum

possible.

characteristics of urban morphology that respond well to the
chosen climate.

Trias Energetica or the stepped strategy for energy efficient design of buildings Atthis point it lS, |mport§mt {0 Clarify th,at by respondlmg o _C“mats

(source: https://www.eurima.org/energy-efficiency-in-buildings/trias-energetica) —as also used in the climate-responsive urban design notion — it
expands beyond energy savings to include also energy gains.
Namely, energy gains are not only about saving the energy
that a fossil-based system generates within a building, but also
about using the climate in order to require less energy to be
produced. For instance solar gains during summer can provide
with passive energy and allowing wind to enter the building during
summer is a passive cooling system. In both cases the need
for energy is limited, which is necessary even if we are to rely
on renewable sources for energy generation. This clarification is
necessary since, when it comes to energy use and buildings, a
quite common misconception has been shaped over the years in
relation to climate. It is widely perceived that energy use equals,
almost exclussively, energy savings. For instance Trias Energetica,
the mode! developed by TU Delft, guides building professionals
through 3 basic steps towards energy efficient buildings. The
first step refers to energy savings and then moves on to energy
production from renewables. In this project the intention is to
point out the possibilities lying also in energy gains from climate.
For instance during winter by maximizing the solar exposure of
a building, passive heating by direct and indirect sunlight can
significantly decrease the need for space heating.

In short, the climate is seen as an enemy and ally at the same time.
Thus, as aforementioned, we need to come up with urban design
solutions that will allow us to "go back in time" to early settlements

Beyonad technoqy; living with(in) the local climate

Acknowledge it ——  knowledge

Build with(in) it  ——  energy use
Harmess it — @nergy proauction




and adapt our current settlements — cities — to the local
climate. In order to do so a number of premises have been
established here (see chapter 5.2.) to make the climate-related
complexity more tangible. One of those premises is the season
and it mostly affects the energy use and is therefore important to
highlight it in this part of the report. Climatic conditions change
significantly from season to season. Therefore the design of a
form can be suitable for strong and cold winter winds but it might
affect the summer micro-climate in a negative way. Due to the
fact that this study concerns the maritime temperate climate,
the season that affects mostly energy use is the winter. Indeed
as found by Olygay et al. in 'Designing with climate', the highest
average yearly needs for a temperate area (the case of New York
was studied by Olygay et al.) were sun heat and wind protection,
both accounting for 72% of sun and wind effects accordingly.
Therefore winter is chosen as the main focus area in this project.
However, due to climate change and the rising phenomenon of
urban heat island, summer will also be taken into consideration.

The parameters of urban morpology that will be addressed are
divided into scales in a similar way with Larco's matrix. That
was considered necessary since it was obvious that some of
the design solutions can affect the micro-climate differently
depending on the scale. The design patterns that stem from this
matrix will be also organised in different scales. Subsequently,
the optimum characteristics found through the research will be
presented categorized in those scales.

CLIMAIIC GONDITIONS FUR
DUTCH CLIMATE
(temperate maritime climate
influenced by the North Sea)

ENERGY USE

-district/neighbourhood
urban block morph.: heights

urban forest

street & open sp. orientation

high housing density

-urban block/street
urban block morph.: form

vegetation

orientation

width street ratio: Height/Width

density & solar exposure

-building (parcel)

orientation

vegetation

bulding plan (envelope)

infill development AND
dense & enerqy efficient h.typ.

- regioval
|
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height

wind tunnel effect; streamlines of wind cluster and accelerate when they enter the
narrow passage (source: https://www.quora.com/Aerodynamics-What-is-a-wind-
tunnel-effect

Cio”

Windbreak
WIND
100 908 4050 6070 86 90 100%
70
10 -5 0 5 10 20 25 30

DISTANCE N HEIGHTS (h}

a vertical barrier (windbreak) to the prevailing wind protects the adjoining area by
lowering the wind speed. Speeds expressed as a percentage of those in the open.

(source: Oke, 1987: 245)

The tall building deflects
the wind to the ground,
the surface of the building
is exposed and the wind
becomes 3 times stronger
as in the open (drawing
by author and based on
Oke, 1987)
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=_District/neighbourhood

On the scale of the district/neighbourhood the urban elements
that mostly affect the micro-climate are the blocks and the
streets. Initially those elements are adopted from Larco's matrix.
However he refers to block size and street orientation, and based
on the research conducted there are more characteristics that
are relevant to the micro-climate, such as form and height.

Street and open space orientation is particularly important in
reference to wind protection. When wind direction is in parallel to
street orientation or the buildings surrounding a long and narrow
open space, it can create a tunnel effect. Namely, the wind tunnel
effect occurs when the wind blows through a narrow passage
surrounded by buildings (mostly in tall buildings). The wind
streamlines get clustered within the narrow corridor, becoming
stronger and faster. Therefore streets and narrow open spaces
need to be either oriented perpedincular to the wind or to
be closed by built forms on the sensitive sides. Especially for
open spaces that it is possible it is prefered not to have long and
narrow arrangement. However it is important to keep in mind
that during summer months it is desireable not to block summer
breezes which in the dutch climate can be very helpful since they
originate from the North Sea.

Usually a neighbourhood in a city is adjacent to another
neighbourhood creating a dense urban structure where the wind
behaves much differently than in the open. Wind is less strong and
often regardless of the specific parameters of urban morphology,
there is a commonly a general shelter zone in comparison to an
open landscape. However in many occasions wide gaps in the
built environment due to railway lines, highways or even rivers
and canals, can destroy the sheltering effect for neighbourhoods
adjacent to these gap lines. In cases like this a linear urban forest
— planted on the side where the prevailing wind strikes first — can
effectivelly decrease the wind effect and override the existing gap.

Another element that has a negative influence on th sheltering
effect of an urban area is the existence of high rise buildings.
According to Oke, a high-rise building (more than 10 storeys
high) deflects the higher moving upper wind to the ground
creating strong wind effects both on the building itself as well as
in the cavity from the front shorter building. In this way not only it
destroys the sheltering effect but it also accelerates the wind and
in the end it might be even three times as strong as in the open.
Apart from high-rise buidings, in general height irregularities can
have a negative effect in the behaviour of wind. The difference in
heights disturb the regularity of the wind patterns within an urban
environment, often creating acceleration in the wind speed and
increasing the turbulence of the wind (Oke, 1987).



= _Urban block/Street

On the scale of the urban block and the street two are the most

important characteristics of urban morphology that need to be

taken into account:

1. vegetation (low or high density, rows or urban forest)

2. height to width ratio (H/W); height of the buildings to the
width of the urban canyon

3. urban bolck morphology

4. atrium; restoring energy efficiency

1. Vegetation

Vegetation is of key importance in designing with climate, both
for winter and for summer months. However different kinds of
vegetation are needed in different phenomenon and seasons.
Firstly, during winter vegetation can be used for wind protection,
however depending on its density the wind behaves in different
manners. High density shows litle or no penetration by the wind
but at the same time after overcoming this barrier, a lee eddy
with low speed but turbulent wind appears and then the wind
regains full speed quickly after the cavity (Oke, 1987: 243-4).
Therefore, this kind of vegetation, e.g. urban forests, is considered
appropriate in urban blocks or buildings where there is a relatively
open space preceding to the windward surface and the surface is
therefore largely exposed to open winds. On the other hand, fow
density vegetation provides the least protection since it allows
mos of the wind flow to pass through. However at the same time,
it shows slow recovery of the wind speed and its flow remains
mild. There is no lee eddy created by low density barriers and
so they act as a cushion that softens the effect of wind on the
buildings (Oke, 1987: 244). This kind of vegetation, e.g. single
rows of trees, is considered more appropriate in cases where
wind speeds are less strong than open wind. For instance a row
of trees could be useful in protecting linear block surfaces and in
between block spaces from the lee eddy effect. However in using
vegetation there should always be consideration of the summer
sea breeze, since it is desireable to remain unblocked.

In respect to vegetation there should always be awareness in
relation to hefght. If vegetation is to be used as wind protection
then tree heights should be matching the height of the buildings
otherwise the uper floors remain unprotected. This is also another
reason that tall buildings should be avoided in windy climates such
as the dutch. However another solution that is highly regarded in
general in terms of sustainability are the plant-covered walls.
In this case it can provide wind protection since it decreases the
ar movement on the surface — aka wind effect. At the same
time during summer it can provide shading to the solar sensitive
surfaces.

As a means of shading, vegetation is of key importance for
reducing the space cooling costs. For that purpose two are the
most sensitive surfaces of a building: the west surface and the

morphological parameters of urban block/street (drawing by author)

/‘b

o NN N

— O FE3 Neddy,

SIS TS T
High density

—_—

T
A T
_b__t‘lon\-b
ST T 777
Low density

High and low density vegetation and their effect on wind patterns (source: Oke,
1987: 244)

Plankiad desqns Lo Jeold chimates]
Bliadieg. dosigis o [cold chooel

!Prov':éc solar access v soull and enst
) [FoR_TEMPERATE CLIM
i o SOLAR

— 4 ’/7 77 ; 7 e
I solev aerese

: 90%’/\/ bﬂ\/’(\‘gr ) alowe

- WIND

- —— A % /4 r/f,v', \A\N Sumamaey 6rcm
N N7 7% AN Y, acesy .
’Ww\“ a7 . TN, 7

information on vegetation by McPherson, et al. (1988) translated into sketch by the
author

47



"Studies have shown that vegetation on a building’s walls will reduce ambient wind
speed and improve the insulation of the building" (source: http://www.asente.ch/
integrated-solutions/architectural-plants/)

green wall as a vertical forest; the building is protected from wind (source: https.//
www. dezeen.com)

Urban Morphology Height of Buildings, m  H,/W!

UM-1 18 m 1.00
UM-2 16 and 36 m 1.73
UM-3 8tol6m 0.76

Jurelionis & Bouris paper on the effect of different urban morphologies on buildings'
energy use in relation to wind; comparison of different urban morphologies, their
average heights and their H/W ratio (source: Jurelionis & Bouris, 2016: 4)
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roof (McPherson, et al., 1988). Protection from sun exposure
can be solved by trees and green roofs but also in energy-
productive ways — as it will be shown in the Energy Production
related sub-chapter. However since winter is still considered as
the most energy-costly season in the dutch climate, the effects of
summer sun protection should be firstly examined for their winter
effects. Therefore the trees chosen should be deciduousin order
to allow for maximum solar access during winter. Only exception
could be if the direction of the prevailing wind is of westemn
direction, in this case the vegetation used as sun protection could
be also used for wind protection.

2. Height to width ratio (H/W)

The second most significant characteristic on this scale is the
height to width ratio (H/W) (2). This indicator results from
dividing the height of the buildings by the width of the street and
it shows how narrow or wide a street or an open space can
be. Oke (1987) studies three different ranges of H/W for linear
buildings arranged in parallel rows, starting from widely spaced
towards denser: H/W<0.3, H/W<0.65 and H/W=>0.65. The
wind in each case behaves differently — a more comprehensible
representation of the different results can be seen in the bottom
drawing of the next page. In his book he describes the results in
each case, however the optimum for the most protection from
the wind effect is the H/W>0.6— the denser of the 3 typologies.
In this case, the behaviour of the wind is described as skimming
flow since the main flow starts to skim the buildings and the
sheltering effect of the in between blocks remains unharmed
(Oke, 1987 266-267).

However, solar exposure should also be taken into consideration
in reference 1o height to width ratio. Studies have shown that the
depth of the street canyon — essentially the translation of H/W
ratio in space — depends also on the orientation of the canyon
as well, If it is E-W for instance, even low H/W ratios can prove
problematic. But even if the orientation is the optimum for solar
access — which is N-S — increased depth of the canyon can stop
the light from entering the lower floors of the building. Therefore
there is an upper limit for H/W ratio which based on these studies
should be lower than 2 (H/W<?2) (Shishegar, 2013). Another
reason is the demands for airflow which helps in keeping air
pollution low. The ratio again in this case ought to be lower than
2 (Shishegar, 2013).

These numbers have emerged from specific studies which are
based on models and premises which are multifaceted. For this
reason the width ratio is mostly taken into consideration in
relation to densification as an indicator that can show to the
designer that even though densification is considered desirable
in terms of energy efficiency in general, local climatic condition
such as strong wind can render densification negative instead of
positive. In this project it will be used as a rough indicator that
will show which are the optimum spaces for densification and



which should either remain unharmed or be improved. In relation
to densification two other factors should be followed: avoidance
of tall buildings and solar radiation access. Solar access during
winter as well as the ability for air fto be renewed and the
temperature to drop during summer months, low width street
ratio is again a prerequisite.

3. Urban block morphology

Finally, in reference to wrban block morphology (3), different

sources as well as different requirements for sun and wind, lead

to forms and heights which might be different from each other

and in cases even contradicting. Therefore five block forms are

being poroposed:

1. parallel rows or free arrangements of linear blocks (elongated
forms)

2. T-shaped or cross forms

3. perimeter blocks

4, compact forms

Linear blocks (elongated forms) (1) are the only form that was
found from different sources (Olygay et al., 2015; Oke, 1987) to
be appropriate for both solar gains and wind protection. The only
difference seems to be in the arrangement of the linear blocks in
space in each case. However in the case of solar gains, the free

fa) Isolated roughness flow

arangement doesn't seem to be of importance. It is proposed
by Olygay et al. as a more general principle that in climates —
such as the temperate climate — where the climatic conditions
are not so aggressive, it is desirable for built forms to merge and
communicate with the natural environment (Olygay et al., 2015:
92). Therefore the free arrangement is considered as a loose
principle which is to be changed whenever a more prevailing
environmental influence dictates it. As Olygay et al. also mention
as side condition of free arrangement, whenever there is a strong
‘pressure’, the "form closes its sensitive surfaces”. Therefore
wind protection prevails in deciding on the type of arrangement of
linear blocks. According to Oke, the arrangement of linear blocks
in parallel rows can be very effective in protecting them from
strong winds.

In particular, in order for parallel rows to work properly for wind
protection, orientationis also of key importance. If the wind blows
parallel to the long axis of the linear blocks then not only there is no
protection but the wind is even more accelerated than it normally
IS in the urban environment. This phenomenon is called tunnel
effect and will be further elaborated in the current sub-chapter.
The optimum orientation is for the fong axis of the blocks to
be situated vertical to the wind flow. This formation causes
a sheltering effect that protects the succeding blocks — those
situated after the 1st in the wind path — from the wind. Namely,
the sheltering effect is the decrease in strength and flow of the

{b) Wake interference flow

{c} Skimming flow

—————i

L.

- —

wind behavioural patterns in the urban environment depending on the density of the rows of linear buildings (source: Oke, 1987: 267)
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Comparison of the two geometries: isolated linear blocks (bottom) and homogenous blocks (top); In this simulation the wind
is perpendicular to the surfaces of the blocks and in red are the surfaces that experience the highest wind pressure (source:
Jurelionis & Bouris, 2016: 5)

50

pressur, o NN |

-12 -8 4 0 4 8 10



wind caused by an obstacle — in this case a block. The ‘shelter’
appears on the space behind the block — in this case behind
means the surface parallel to the one accepting the wind. This
shelter in physics is commonly reffered to as cavity and although
protected from the prevailing wind it shows a weak, turbulent
and unstable wind effect commonly known as lee eddy. This
phenomenon is not very important but it will also be addressed on
the bulding (parcel) scale. Nevertheless this significantly protected
zone can be used for protection of the other blocks if situated
in parallel rows and relatively close to each other. In this way,
the wind flow skims the buildings and doesn't affect them. The
proximity of the blocks is defined by the H/W ratio, the height
of the buildings to the width of the urban canyon — which has
already been explained in the present subchapter.

The 7-shaped or cross form is mostly a variant of the elongated
form in terms that it is possible since the temperate zone to have
both forms. The most important characteristic of urban block
morphology in terms of both solar gains and sun protection
(during summer), is the orientation of buildings. According to
different literatures (Olygay, et al., 2015; Yanovshtchinsky, et al.,
2012), the elongated forms on the east-west axis constitute
the optimum form.

Perimeter blocks are composed of four linear blocks and in
contrast to simple linear blocks they have only one side of each
block exposed to the wind. Therefore, they have less surfaces
unprotected which for windy climates such as the dutch climate
can be positive. Indeed Jurelionis & Bouris research based
on Computational Fluid Dynamics (CFD) models, and entitied
‘Impact of Urban Morphology on Infiltration-induced Building
Energy Consumption” has exhibited these kind of results. In
particular, it shows that their aerodynamic form reduces wind
inauced enerqy consumption by 41% compared to another
model of isolated linear bocks (Jurelionis & Bouris, 2016: 6).
In detail, the computational models developed in this research
studied three examples of urban morphology: homogenous
blocks with no height variations; isolated linear blocks arranged
in two vertical orientations and with significant height variations;
comptact urban blocks with adjoining buildings and small height
variations. The different geometrical models were examined under
the same conditions - same wind speed and orientation, and
same surrounding geometries. Homogenous blocks were proved
to be the most appropriate form for windy environments. Even
though the wind induced energy consumption was considerably
lower thanks 1o its geometry, the same geometry is responsble
for higher average wind speeds outside of cavities. Within cavities
though the sheltering effect is maximum since it shows the lowest
turbulent wind from all other geometries. The high average wind
speed could be caused by the corners of the 'closed" block, since
the wind after encountering the sharp corner accelerates and
then the length of the surface allows it to continue accelerating.

In both cases of linear and perimeter blocks, Aeight seems to be
a significant factor in wind infused energy consumption. Also the

Undisturbed Flow
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(top) streamlines that show the behaviour of wind in the presence of an obstacle
and then (bottom) translated to behavioural flow zones; cavity is the zone behind the
building that exhibits the sheltering effect (source: Oke, 1987: 243)

Y-shaped bundmg in Fmsbury London (similar to T-shaped forms); according to
Olygay ideal for temperate climatic zone (Olygay et al., 2015: 1071) (Image source:
Google maps)
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the double function of an atrium during winter and summer (source: http://
verticalfarmblog.blogspot.com/)
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requirements seem to be matching in different examples: height
varriations and irregularities need to be minimised. The
negative effect of high-rise buildings on the surrounding area has
already been explained in the District/neighbourhood scale part.
Indeed, in the model developed by Jurelionis & Bouris, the mixed
building heights, and the existence of high buildings in itself, along
with a high street width ratio — which will be elaborated in the
urban block/street part — resulted in increased heat losses due to
the increased winf effect (Jurelionis & Bouris, 2016).

Compact form is defined by its floor plan and the number of
storeys. The floor plan is almost square and preferably bilateral
(apartments back-to-back), and buildings have multiple storeys.
This form is considered especially advantageous for cold climates
due to their minimal heat losses. Less roof surface is exposed
which results to less heat transfer towards the environment. In
some cases however it is hard also for light to enter, itis therefore
beneficial for passive heating to restrict the square footage of
the foor plan to no more than 100 m?. This is also beneficial
for less cold climates — such as the dutch — since during wamr
summer months air ventialtion by simply opening the window
can effectively lower the temperature. Furthermore, by effectively
decreasing the roof surface, the building also absorbs less heat
during summer.

4. Atrium

Finally as Larco also shows in his framework (Larco, 2015),
in the urban block scale a designer should provide for solar
exposure. When it comes to designing a new building solar
exposure is something that can be done by correct orientation,
avoiding shadow of buildings, planting only deciduous trees
on the south side of the building, etc — further detailed on the
building scale. However in cases where the existing buildings
are disadvantageously oriented there are solutions that can
be pursued on the block scale as well. For instance, for linear
parallel buildings that are expanding from the south to the north
— therefore the facades are facing east and west — there is a
combined issue that can be solved in the inbetween space. The
issue is that during winter there is not enough solar exposure
because there are no windows on the south side and for summer
the exposure to the west side heats up the living areas significantly.
This is especially the case in many post-war neighbourhoods, as
it will be further explained in chapter 6.

Atrium is a large open space, covered usually by a glass ceiling
and it constitutes a part of a building that brings light in the interior.
They have different forms and positions in a building, either in the
middle or in the entrance of the building. Often an atrium is used
to connect two neighbouring buildings and to create a protected
environment that still maintains visual contact with the exterior
environment. The latter form can be useful in the present case. For
winter this space can function as a glasshouse that by connecting
two north-to-south linear buildings, it creates a glass facade



facing the south that allows for the inner space of the atrium to
be heated. Then by conduction the heat can pass to the interior
of the buildings recompansating for the lack of solar exposure.
It also functions as a barrier for wind protecting even more the
exposed surfaces of buildings. Meanwhile, during summer when
the roof is the most sensitive area that needs to be protected
from solar exposure, PV panels or other PV technologies can be
used to both protect from the sun and generate energy. In this
way also the west facade of the building would be in shadow and
be further protected. Furthermore, an atrium can also be used
for urban farming as in winter time it functions as a green house.

—_Building (parcel)

The building scale is important to be addressed but apart from
a couple of parameters and measures that will be explained in
this sub-chapter, it belongs mostly to architectural design
and not to urban design. Nevertheless there is a reference to
some architectural features mostly as guidelines for architectural
deisgn rather than actual design. The reason for these guidelines
is that since there are proposals made related to, for instance,
different forms of urban blocks (see neighbourhood scale), the
effectiveness of these forms in energy efficiency also depends
on some basic interioir spatial arrangements. For instance the
T-shaped form, needs to have the living spaces oriented towards
the east west for maximum solar radiation during winter and the
common areas (such as staircases, elevators and corridors) on
the west side of the building to provide maximum shading during
summer. Or in linear blocks the building plan should be unilateral
with the living spaces facing south (or southeast) (Olygay et al.,
2015).

The aspects that belong to urban design have already been
mentioned in the other scales. The seperate reference on this
scale is done mostly because it needs to be pointed out that
these elements need to be taken into consideration also during
the architectural design of a building. First and foremost, the
optimum  orientation of the building is the long axis of the
building perpendicular to the prevailing wind direction and to face

Wium 1 Shade screen Rooh landscape

"the Atrium block is a concept where two blocks that face east-west share a glazed
and shaded PV and power generating atrium space, (...) and which serves as a
shared semi-indoor micro-climatic garden and thermal buffer." (Scott & Ben-Joseph,
2012: 243)

vegetation

morphological parameters of building (/parcel) (drawing by author)
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(top) orientation of living spaces
in a T-shaped building form and
(left) unilateral building with living
spaces facing south
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sunroom (source: http://passivesolar.sustainablesources.com/)

from south to east for maximum solar radiation during winter.
As aforementioned the west side of the building is better to be
closed to protect from the summer sun. Vegetationis also of key
importance and should comply to the rules that have already been
mentioned. Finally, /nfill development that Larco mentions in his
own matrix is a signinficant parameter that needs to be addressed
through guidelines. One of these guidelines could be to create
infills in open spaces where the street width ratio (see urban
block/street scale) is lower than 0.65. Or on top of buildings that
exhibit a difference in heights from succeding buildings in order to
reduce height irregularities (see neighbourhood scale). It needs to
be pointed out though that since infill development is essentially
the construction of new buildings or parts of them, there need to
be energy efficient housing typologies (as Larco also points out
in his own matrix) in contrast to the existing ones. Therefore, in
the case of wind, protection from prevailing wind needs to be part
of the design of the new building or built part. For instance the
windward face could be protected by a "green” wall.

In reference to Solar access during winter, solutions should be
applied for maximization of passive heating by solar radiation.
However, there are cases where the existing building is oriented
disadvantageously (facade facing the north or west) or an
obstacle is preventing the beneficial south (or east) winter
radiation. In some of these cases the obstacle can be avoided
by constructiong a glass jutty (built overhang space). This
construction could function as a ‘sunroom’, aka a glass room
that could transfer heat via conduction from the sunroom to the
living space. This is an indirect gain system that utilizes 30-45%
of the sun's energy entering the glass surface for space heating.
In other cases however where the orientation is disadvantageous,
it could be appropriate to create infill development. The reason
for this is that often when densifying an existing built area there
is the risk of new buildings to create shadow on existing ones.
When there is already no potential for passive heating via solar
radiation then densification is easier to take place there.
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5.2.2 ENERGY PRODUCTION

The local and sustainable energy production is equally important
to the energy use. No matter how much we manage to reduce
our energy consumption through design, energy demand is stil
substancial. At this point it should be highlighted once more
that the intention of this project isn't to compromise modern
conveniences, following statements such as "lets return to a
simple life, now past". It is the beliefef of the author that the
role of designers is to come up with innovative solutions and
proposals. And on these premises the project is platting for
design solutions that will integrate innovative technologies in the
urban environment. The solutions are intended to go beyond
energy production and create quality spaces that can also have
additional uses. Renewables are seen by people as lacking
of aesthetic value and degrading the spaces where they are
installed. Designers should take advantage of the innovations that
technology provides and create solutions for productive spaces
with a new aesthetic value, which can still be used by people.

As in energy use and as in the general purpose of this project,
energy production makes use of the climate for energy production.
Therefore the technologies studied and listed are wind and solar
energy related. However since the implementation scene is the
urban evironment, the technologies chosen are those appropriate
for this kind of environments. Dug to their different characteristics
and the climatic conditions that they use for energy production,
there needs to be an identification of spaces, orientation and
urban morphologies that are optimum for energy production. As
aforementioned along with some of the technologies there is also
an idea as to how to use them to create or complement common
spaces that can be used by people.
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= Wind energy

Wind energy in the urban environment concerns mostly small
wind turbines, which have already been around for some
decades. However it is difficult to keep track of the numerous
proposed new designs and have become a trend in many cities
(Kris De Decker, 2008). The paradox of urban wind energy is that
wind turbines are preferably placed on an open plain, as high as
possible, with no obstacles around. In cities, however, this is not
the case. Yet, technological progress in wind turbine technology
seems to have managed to utilize on a certain degree lower wind
speed.Furthermore there seems to be potential in using wind
/ e \ turbines in the built environment also because buildings tend to
Micro-Wind Turbine Array Powers Intel's Headquarters (source: greenoptimistic.com) influence the behaviour of the wind and concentrate its flow and
speed depending on the geometry of the building. At this point
it is relevant to refer to Micallef et al., who in their paper entitled
"The influence of a cubic building on a roof
mounted wind turbine” concluded that:

"The eficiency of such turbines is in many cases hampered due
fo the wind conaltion present at the turbine site. The aerodynamic
aesign of such turbines usually attempts to adaress s issue but
aeroaynamic knowlieage of the wind turbine to building interaction
is lacking." Micallef et al., 2016: 9)

For this purpose a number of paper have been studied by the
author in order to uncover potentials for urban wind energy
production on a local scale. It needs to be acknowledged though
that the intention is more to bring forth immovative solutions that
can be further examined and developed than to come up with
concrete proposals for technologies.

(source: http://survivalprofile.com)

The basic categories in wind turbine (WT) technologies are the
following: horizontal axis (HAWT), vertical axis (VAWT) and
ducted wind turbines. From these categories only the small
or micro wind turbines will be used. Each technology works
different in each geometry and height and is, therefore, attempted

#_,.-r'Gumr

Ducted wind turbines; The devices are relatively small leaving little visual impact to the building
source: http://me1065.wikidot.com/types-of-wind-turbines-and-associated-advantages
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to study each building of specific height, what kind of technology
in combination with morphology it needs. The buildings are
divided in:

e high-rise (over 10 storeys)

e mid-rse (4-10 storeys)

® |ow-rise (below 4 storeys)

High-rise buildings because of access to higher and constant
wind, have the highest potential in wind energy generation. The
increased height grants access to higher and therefore stronger
winds, obstacles are either non-existent or limited and, as
aforementioned, the speed and strength of the wind due to the
height of the building can be higher than in the open. High-rise
buildings with flat roofs — typical roof form for this kind of buildings
— present a very turbulent wind on the roofs, also because of
the sharp edge, and are therefore not so suitable for HAWT
since they need horizontal wind flows. The two most appropriate
technologies that are already beeing applied are VAWT since they
can utilize wind from different directions and ducted WT. The
latter type is also ideal since it utilizes the airflow along a building's
side and it also has a minimum visual impact (Guzzetta et al.,
2007). HAWT is only meaningful, in terms of energy production,
when the shape of the roof is vaulted. This is not taken so much
into account in high-rise since 1t is rear to have this kind of roof
and it would then require a plug-in which is undesireable for tall
buildings. Therefore it will be further analysed in mid and low-rise
buildings. Finally a new and innovative technology that aspires
to become more productive than the existing are the facade-
integrated wind turbines. This is a system of guide vanes that
guide and help accelerate the wind that presses against the
surface — thanks to the tunnel effect — and then they direct it to a
rotor that generates energy (Park et al., 2015). This can work as
a ‘curtain' that covers the entire surface and it can also possible
be compined with PV — especially with some of the innovative
new materials that will be further elaborated.

Conventional

0-dimension {

Proposed

I-dimension . .
2-dimension

B

%U ' e o

wind stagnation on high-rise building surface (Oke, 1987)
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(Park et al., 2015: 11850)
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Mia-rise buildings also show a lot of potential not because of
high wind speed, but because they show less turbulence and
there is also the possibility for extra storeys to be added. The
latter relates to the potentials of HAWT on vaulted roofs. In a
paper on roof geometry for urban wind energy exploitation, by
Toja etal. (2015), different roof types were examined as for their
influence on wind flows. From this research it was found that
vaulted roofs exhibit the highest wind speed which actually —

vaidrise according to another study by Calautit et al. (2018) — produced
56% more electricity than a stand-alone WT at the exact place
with similar flow settings (Calautit et al., 2018: 17). In low-rise
buildings this potential is even more promising since the vaulted
roof could also be a plug-in on the building. This is especially
useful in terms of densification as well as in areas with higher
buildings since in this way the height irregularities are decreased
(see the neighbourhood scale in sub-chapter 5.2.1). Inboth mid-
and low-rise buildings — with flat roofs — micro wind turbines can
be used of either vertical or horizontal axis. However, especially in
the low-rise it is preferred to use VAWT since they are more able
to utilize wind on lower heights and of lower speed.
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In implementing all these technologies however it should be taken
into account that some of the morphological characteristics that
allow for wind speeds to become faster, are undesirable in terms
of energy use. As aforementioned, in the matrix the aim is to
create the knowledge and then in the design patterns synergies
will be made between different elements, to be further adapted
and compromised during the case study.
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performance of a HAWT on roofs of different geometries (Toja et al, 2015)
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Flena ducted wind turbines atop the Science of the Air center in Paris, France, 2010 (source: wind-works.org)
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Shaded patios and rooftops (Scott, Ben-Joseph, 2012)

Pergola with built-in PV panels (Dickson, 2012)
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= Solar enerqy

As it is already apparent, wind energy can be integrated in
the urban environment but it occupies a specific space which
cannot be utilized in any other way. On the contrary, solar energy
technology can be part of a public space, used to shelter people
from sun or even rain; It can be installed and unistalled much
easier; it can gather energy and provide shade at the same time;
it can even be a road. A lot of innovative ideas are changing the
typical idea of solar energy as PV on the roofs that turn the roofs
into unusable 'dead" spaces. It is therefore the intention of this
project to come up with innovative ideas as to how both new
technological acheivements but also traditional technologies such
as PVs and parabolic collectors, can be used in order to produce
new interesting spaces with quality and aesthetic value.

Firstly PVs and parabolic rooftops can be used on

e pergolas; which will offer shade during the summer

e on facades along with facade-integrated wind energy

e fypically on roofs of buildings which are not used in any other
way due to other factors

However when proposing PV panels we should be aware that
during winter on one hand they are not that productive as in
summer and on the other they prevent large surfaces of the
building from absorbing passive solar energy. Therefore it is
proposed that extensive solar 'roof parks' should only be located
on top of non-residential buildings. Residential buildings need to
gather passive solar heating during the day to use it during the
night when the sun has set. Non-residential buildings don't have
similar requirements since they are empty during the night. This
kind of 'solar roofs' have already been happening around the
Netherlands and also with users' participation organised through
local initiatives. -

Another technology that seems promising and is becoming more
and more popular are the solar roads. They are perhaps the best
example of a means of energy production that can be used easily
in daily life. However they need to be kept unshaded so in relation
to buildings they should be placed in distance that guarantees
that they will have solar access throughout the year.



source: https://inhabitat.com/flexible-lightweight-solar-fabric-by-fil-solar/
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source: http://www.dw.com/en/solar-roadways-a-way-forward-for-renewables/a- 19048835
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source: solargreenpoint, n.d.
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Perhaps the most promising technology in terms of its possibilities
in different uses is thin-film solar nanomaterials textile. This is
practically a fabric from organic photovolatics, which has emerged
from photoreactive polymers and can easily printed, with low
, cost and low carbon footprint. Therefore it has substantially less
Ntip.//postiossh.Ciy/en/inalsis/pnoovotalcpergoas. embodied energy than glass solar panels especially since as a
textile, it is easy to store and transfer. Furthermore it can accept
sunlight easily throught the day since it has a 120-degree range.
However, in order to be productive, large surfaces should be used
since organic photovolatics are still not as efficient as traditional
glass solar panels (KVA MATx., 2010).

This technology is still being developed and even though it is
not yet as efficient, it has so many advantages that it has the
potential of being further developed and improved. Indeed
some products of thin-film nanomaterials have been already in
use for tents or shelters in the desert. The reason for this, the
potential of this material is that it is flexible, it can be adapted and
most importantly it can — literally — shelter other activities. This
becomes more apparent by looking into different ideas that are
being presented here. From a protected open air market to the
rooftops of a dense neighbourhood of Porto. As described in Soft
cities by KVA MATx (2010):

“Low-cost mass production, a generosity of surface large
enough to create space, and the ability to harvest energy
throughout the day, in a broad range of solar orientations,
creates a clean energy paradigm with the potential for mass
adoption in dense urban dlstricts. "

Tensile Solar, weatherproof and structurally reinforced photovoltaic modules that act
almost like a fabric that can not only protect, but power. Mostafavi et al, 2010:2806)
hitp://www.core77.com/posts/19379/smit-tensile-solar-lightweight-modular-solar-

power-19379
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solar fabric on roofs of Porto; render from the project by KVA MATx "Soft Cities" (source: Mostafavi et al, 2010:284)
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WIND PATTERNS

CLIMATIC CONDITIONS FOR
DUTCH CLIMATE
(temperate maritime climate
influenced by the North Sea)

WINTER [MAIN FoCusS]
moderate winters
-cold & strong wind from North Sea

SUMMER [ACCOUNTED FOR]
cool summers
-Sea breeze

-district/neighbourhood
urban block morph.: heights

min. height irregular., avoid tall buildings

urban forest

urban forest (for fully exposed blocks)

not perpendicular to

street & open sp. orientation

perpendicular or sidewards to the wind

summer breeze

high housing density

-urban block/street
urban block morph.: form

(1) paral. rows of linear blocks/elong.forms

LL (2)._perimeter blocks
[77)
— (3) compact form
<>5 vegetation evergreen rows of trees, perpend. to wind'  summer breeze direction:
0 orientation perpendic. or sidewards (45 to the wind o vegetation
= width street ratio: Height/Width |H/W >0.65 parallel or sidewards (45°)
infill where H/W<0.65 (to achieve
density & solar exposure skimming flow and avoid wake interfer.)
-building (parcel)
orientation wind perpendicular to long surface
vegetation trees & plant-covered walls (cavities)" summer breeze: no veg.
bulding plan (envelope) depth <6m:; for nat.ventilat.*
infill development AND open spaces (no tall buildings & ideallly in
dense & energy efficient h.typ. (low H/W) & protected from wind effect
1 technology HAWT (Horizontal Axis Wind Turbines)
orientation windward (WT adjustable)
location mid- & high-rise build., towers open sp.
morphology roof (optimum type: curved)
2 technology VAWT or micro-wind turbines or IRWES™
orientation windward (only for micro-wind)
— location high- & mid-rise build. (possible for low)
|C:> morphology flat roof, corners & facades
cé 3 technology ducted wind turbines
g orientation windward (fixed position)
o location high-rise build.
&5 morphology flat roof
&5
= | 4 technology savonius VAWT or Binopterus VAWT

orientation independent of orientation
location bus stops, shelters, roof patios - open sp.
morphology VAWT with wind booster system (vanes) are

5 technology

appropriate for low winds'
Kite power systems

orientation independent of orientation
location mid- & high-rise build.
morphology independent

I low density vegetation (e.g. single row) acts as a "cushion" and doesn't create lee eddy, high density vegetation (e.g. urban forest) protects from

wind penetration but creates lee eddy

II. for protection from lee eddy (windward face of succeding building & tall buldings)

IIl. uni-directional: turbines to the WSW of the buildina




SOLAR RADIATION

Sources | WINTER [MAIN Focus] SUMMER [ACCOUNTED FOR] SOURCES
moderate winters COOL SUMMERS
-cloudy; less solar radiation
'0ke, 1987; “McPherson et
2Jurelionis, al., 1988;
Bouris, 2016; %0lygay et al.,
SEumorfopou- 2015;
lou, Kontole- 16Scott, Ben-Jo-
on, 2009; seph, 2012;
4Salat, 2014 *Salat, 2014
(1). free arr. of linear blocks/elong. forms
(4). T-shaped/cross forms
deciduous trees: solar access for winter,
shadow for summer tree rows parall. to W faces
H/W<? (traditional deep canyon), high dens. in open spaces;
by densif. keep H/W as low as possible;  blocks facing E-W, united
blocks facing E-W, united with atrium with atrium
East-West (length), pref. unilateral plan” ~ west side closed"
S&E surfaces: no/deciduous trees trees W surf. & green roofs’
depth<6m:; for solar access*
on west, north or without solar access
building faces & sunrooms (building's minimum increase of roof
facades with insufficient solar access) surface
SWang et al., |PV panels & parabolic collectors parabolic rooftop collectors [”Mostafavi et
2017; South to East South to West al., 2010;
6Bell et al.,n.d.; mid- & high-rise build. mid- & high-rise build. '6Scott, Ben-Jo-
"Guzzetta et |unshaded and spacious rooftops (prefer. on shaded roofgarden/patio seph, 2012
al., 2007: non-residential build.)
8Smith et al,, |solar roads & paths
2012;
9IMicallef et al., |infrastructure & public space
2016 away from buldings (low dens. vegetation)
“Parketal,  oin fiim solar (textile) thin-film solar (textie)
" igc]Set ol South to East (120-degree range) South to West
“27 Imid- & high-rise build. build. & open spaces
1 2201 1 large vertical blind facades rooftops (summer terraces)
Korprasertsak
& Leephak-  |see-through transparent solar panels

preeda, 2015;
13Dekker, 2012

South to East

buildings

balconies and windows

IV. other possibilities: weighted or multilateral (also compatible with T-shaped built forms), buildings should be open to south and southeast for winter
solar gain and closed on west sides for protection from summer sun
V. Shade screens is another idea that could be either be combined with vegetation or with photovoltaic panels (Scott, Ben-Joseph, 2012: 217)
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6

TYPOMORPHOLOGY:
POST-WAR NEIGHBOURHOODS



In the previous chapter, theories and principles are studied
in order to come up with optimum morphological qualities for
energy use and energy production. In order to be able to propose
design solutions for post-war neighbourhoods there needs to
be a clear comparison between these optimum qualities and
the existing ones. However due to the fact that those solutions
will be proposed for something as generic as dutch post-war
neigbourhoods there needs to be an analysis that will eventually
lead to comparable qualities between the typology and the Matrix.
The historical background and the principles that were followed
in post-war neighbournoods around the world, along with some
more specific that describe the dutch context more in detail, are
the elements that enable the extraction of those morphological
qualities.

Therefpre, the purpose of this chapter is to provide an overview
of those historic elements that led to the development of post-
war neighbourhoods and defined them as currently problematic
and inherently unsustainable residential areas. The history and
the principles upon which they were conceived, planned and
finally constructed are complex and they led to certain threats
and weaknesses but also important values — which tend to be
dismissed. Therefore by exploring these elements, morphological
qualities of post-war neighbourhoods can be extracted that along
with some more unique elements of the dutch paradigm, can
formulate a typomorphology of dutch post-war neighbourhoods.
This is an essential tool to be used as the basis for the design
patterns (chapter 7).

70

Modernism is a movement in architecture that started in the
beginning of the 20th century and it has influenced architecture
and cities in intentional and unintentional ways, with positive and
negative effects. In its first phase it evolved around idealistic — and
often utopian — visions of the future related mostly to a radical
break from tradition while opting for new social order to which
we could be led to with the assistance of technology which was
rapidly advancing at the time. This movement chaged significantly
after the second world war but it lies in the core of post-war
reconstruction and expansion. In the following part the principles
of the post-war modernism along with the appearing conditions
of that time that changed its course will be described leading to
the aforementioned morphological qualities. But before moving
on with the analytical part, three thematics will be exhibited here
in order to make it more comprehensible:;

e Modernism principles; as aforementioned even though
altered on many levels, some of its ideals remained and
effectively shaped the post-war reconstruction period,

e Technological and spatial potentials; the advances of
technology in the building sector along with the tabula rasa
that was offered by the unoccupied areas on the outskirts of
cities, offered great potential for architects to break free from
the limited city space and create the visions of openness that
modernism implanted.

¢ Housing needs and management; the steep housing needs
and the speed in construction that was necessary, led to
a managing system that proved effective but also created
specific problems,

MODERNISM PRINCIPLES

Modernism affected the post-war neighbourhoods significantly
and it was the overhanging framework that shaped this new
model of housing on many different levels. Modernist architects
have developed already from the beginning of the 20th century
ideas on architecture as well as social structure, and one of its
key characteristics was the break from tradition. Existing social
structures were heavily criticised and the structure of traditional
medieval cities was rejected as outdated and unhealthy.

Firstly, architecture as an art was viewed from an entirely new
perspective. It passed from beeing an art of craftmanship
exhibited in the facades of the wealthy cities — in dutch
'gevelkunst' (Hereijgers and Van Velzen, 2001) — to a rythmic
game of forms and light in space — ‘ruimtekunst’. In the
words of Le Corbusier “Architecture is the masterly, correct and
magnificent piay of masses brought together in light. " (Corbusier
and Etchells, 1986). This new perspective gave its own signature
to the new residential areas already on the level of planning. In
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Ville Radieuse: sketch by Le Corbusier (1922) the ideal of openness and éoexistence of buildings and nature (source: nanum.com)
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The traditional and the modern city (sketch by the author)

Le Corbusier's sketch of primary forms and their identification in
ancient Rome (Corbusier and Etchells, 1986: 159)

Unité d'habitation, Marseille, France, 1945
(source:fondationlecorbusier.fr)
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stark opposition to the medieval cities, buildings were planned
with considerable distances in between them, giving space for life
amidst buildings as well as light. The art of space and forms could
be seen in the shifting of orientations between buildings as well
as the height differences — however this is an element that is not
common around the world, only on some cases and especially
relevant for the dutch neighbourhoods for reasons that will be
explained in the last part of this chapter. On the level of design,
one can see this change in the simplicity of the buildings' forms;
linear rectangular blocks with no 'unnecessary' decorations.

Another significant element that again stemmed from a reaction
to the — in this case also literally — unhealthy medieval city was
the importance of nature. If we were to sum up the basic ideas
that modernists thought should be a given for residents it would
be that of openness, light and air. On this aspect technological
advances played a crucial role since they captured the imagination
of architects by the potential of creating residential towers. A
solution which seemed ideal since it would give abundant space
for nature to exist within the city and people would enjoy it even
from their wide windows. Therefore, it is visible in many of the
post-war neighbourhoods, not only the existence of green but
its role in the planning process. Green, open spaces were the
ruling element that defined spaces between buildings in stead of
infrastructure — the medieval city ruling element.

Finally —another element perhaps less visible, is the
‘neighbourhood’ concept — or in dutch 'wikgedacht'. It was
based on the already existing ideas that led to the garden city
movement but it was more about social cohesion which was
opted for by strictly defining even the size and the composition.
Each neighbourhood was meant to provide different options in
residences for different life phases. The goal was for residents
to stay within the neighbourhood for all their lives, changing
merely houses depending on each phase. Services and facilitites
were also provided within the neighbourhood. Especially in the
Netherlands this logic was not only prevailing but it is directly
translated into space and form. Indeed buildings of different
heights and choices between flats or (semi-)independent houses,
garden or not, gave people different options and at the same
time this can be seen within each urban block. Another core idea
of modernism, especially expressed by Le Corbusier, was that of
‘functionalism’. Especially inthe Netherlands, the implementation
of functionalism on neighbourhoods was spread out by the Dutch
CIAM group (Eichler, 2010). Housing, recreation, services and
commercial centres were spatially separated and concentrated in
specific points within the neighbourhood.

All those stark differences from the traditional city led in redefining
the urban block. In the 'old" traditional city the urban block was a
dense mass of buildings that was surrounded by a road and often
had an internal open air space. Modernism as applied in ealry post-
war neighbourhoods defined the urban block as an open space
with buildings positioned within it. The buildings were devided
by green spaces or deadend streets that led to parking spaces.



"Architecture is the masterly, correct and magnificent play of masses brought
fogether in light. "
Le Corbusier, 1923 (Corbusier and Etchells, 1986)

o cana L b b i

| of openness and coe : nanum.com)

Post-war neighbourhoods Late post-war neighbourhoods
Traditional 'old" city new urban block urban block unit
traditional urban block (influenced by the Garden City & Modernism) (influenced by Le Corbusier)
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workers assemblying prefabricated brick slabs with the help of a
building crane (source: Wouter van Heusden, gemeentearchief
Emmen)

crane determining the length of the block (source: Vereniging van
systeembouwers, 1956: 13)
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Urban blocks were separated by interconnected roads. In the late
post-war period when towers were made possible the deifinition
was most similar to the ideas of modernists and especially Le
Corbusier. The urban block was practically one building, the high-
rise tower that allowed for density while occupying the minimum
area, giving space to nature. In this case then, the urban block
consisted of the tower and the surrounding open space and was
again separated by interconnscted roads.

TECHNOLOGICAL AND SPATIAL POTENTIALS

In the core of the modernist movement laid the potential that
the advances of technology had revealed. As aforementioned
tall towers could be constructed thanks to reinforced concrete,
and in addition central heating and the vast use of elevators
enabled unimagined comforts to the new lifestyle. High residential
buildings can be found in many dutch post-war neibourhoods
since the early 60s,0pening up the way for the mega-structure
architectural period that took place in the Netherlands in the 70s
(Ibelings et al., 1999).

Apart from those technological developments, another one
which was also strongly embraced by modernists and was set
as an opposition to traditional architecture, was /naustrialization.
This development was about the process of constructing
but it also greatly affected the urban form. The basic change
was the fact that now building parts could be entirely made in
factories and then with large canes transported to construction
sites. This turned the on-site building process to an assembly
of prefabricated parts. The process was immensely accelerated
but this automation but eventually led to a repetition of the same
building and block forms, introducing the term of 'stamps. A
practice that fitted the ideas of modernism at that phase but it
was also led by the housing needs and the top-down planning
that wil be further explained in the next part. In order to make this
effect on built form more explicit, we merely need to look at the
long linear building blocks of post-war neighbourhoods. This
form was in fact determined by the building crane; the length of
the strip depended on the crane's distance capacity (ICOMOS,
2003).

In addition to the potentials offered by technology, the expansion
towards the outskirts of cities gave modernists an abundance of
space — a sort of "tabula rasa". Existing infrastructural lines were
used as guiding planning lines but other than that the break from
the limitations of the old cities made it possible to experiment with
forms, nature and open spaces.
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scheme for the neighbourhood concept — wikgedacht or 'de gelede

stad' by W.F. Geyl, 1947 (source: Blom, Jansen and Van der Heiden,
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2004: 19

HOUSING NEEDS AND MANAGEMENT

One of the most defining elements for the development of post-
war neighbourhoods were the pressing housing needs that
followed WWII. Apart from the bombardements that destroyed
vast areas in various cities of Europe and beyond, the generation
of the baby boomers together with the intense urbanization,
resulted in an immense housing shortage. Industrialization of
construction helped immensely in addressing this problem
worldwide. However the management of this period of (re-)
construction depended also on each countriy's system. There
was of course a tendency towards top-down planning processes
which explain — along with modernism — the similarities between
post-war neighbourhoods around the world. The differences
amongst countries did nevertheless create differences also in the
structure of the urban form.

In the case of the Netherlands, of crucial importance for the
development of post-war neighbourhoods as well as their current
state has been their management from housing associations.
These assiciations depended mostly on government subsidies
until the 90s. So a small number of them was responsible for
housing projects around the Netherlands. These resulted to
similaritites ranging from materials to urban block structure and
facilities. Planners and architects that worked on the construction
of those neighbourhoods were part of the CIAM and they were
deeply influenced also from social ideals of Modernism. This
affected actively the planning and design of the urban blocks. The
logic was that each urban block, or 'buurt', should be creating
a social and family-type mix by including different housing
typologies. Therefore (as can be seen in the scheme of the
opposite page), depending on the number of members in a family,
types and heights of buildings varied to better satisfy the needs
for each person depending on their life phase. This variation of
housing types and building forms within an urban block, was then
repeated as a 'stamp’ creating the neighbourhood. The variations
between stamps were usually small.
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Schiebroek, Rotterdam

Pendrecht, Rotterdam

source:google maps source: http://code.waag.org
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source: http://code.waag.org source:google maps
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The description of the post-war construction period gives a clear
image of specific morphological qualities that are repeated.
Of course from country to country or even neighbourhood
to neighbourhood, there are differences, but the unique
characteristics of this era make possible the extraction of some
significant similarities. Modernism as a prevailing architectural
movement, the CIAM as a means of spreading it, indistrialization
of construction as a process of simplification and automation,
and the steep housing needs as an almost universal overhanging
demand, are some of the key factors that led to these similarities.

Therefore a table of morphological characteristics is created by
the author with expicit references to different principles that have
been analysed in the previous part. Those qualities are used as
the basis for the proposal of design patterns that follows in the
chapter of Design Patterns.



scale
neighbourhoo

Morphological qualities

Modern city principles

Dutch post-war principles

@

%@

'stamps' repetition

- steep housing needs after the war

- prefabricated materials/building
elements

- expansion to outskirts of cities - a lot of
free space to be planned and built

- stamps included different housing
types

- therefore, height irregularities and
interchange of blocks and garden houses

= aim: social mixing of neighbourhoods

urban b/oclb

height irregularities: mid-rise
blocks & low-rise row houses

- from the art of the facade to the art of
space

— wijkgedacht
— idea of social mixing

= living in the same neighbourhood all
your life

= 'ritme’ - "ruimtekunst'

/

built linear blocks of

N¢

- from the art of the facade to the art of
space

— simple geometries rhythmically
arranged in open space

- post-war residential areas planned on
polder land and according to their
structure

- therefore, mostly two orientations,
perpendicular to each other

different orientations
- (again) reaction to unhealthy cities
% / - more air and sun

'openess’

= nature as initiator of urban form
= reaction to unhealthy medieval cities

- more air and sun

stamp Q

high-rise buildings
- towers

= Le Corbusier's idea of cities on towers
to give space to nature

- central heating and elevators
(late post-war period: late 60s, early 70s)

- gas in Slochtern

- gas pipelines through the country (60s)

building

large buildings for

various facilities

= zoning

= functionalism
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Fig. Villa Savoye: ribbon windows; these windows not only
provided rooms with equal light but also restored the possibility for
well lit houses for northern climatic zones. (source: wikipedia)
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Modernism and the modern city principles emerged as a reaction
to the medieval city. The compactness of the old European cities,
the sewage system, the lack of green and the narrow streets that
hindered the natural ventilation of the city air. All those issues
created many health hazards for the citizens and — along with
the rapid urbanization that started in the 19th century due to
the industrial revolution — cities became unhealthy and stressful
environments to live in. Therefore, Le Corbusier and the modern
movement preached for the value of openness, of natural air
ventilation, the ideal of a coexistence of buildings and nature.
The new building techniques and materials allowed for the model
of living vertically in “towers” with intermissions of open green
spaces with tall trees that allowed for shadow during the summer
and for the feeling of nature for the urban dweller. Elevators made
possible for the towers to grow in height without causing any
discomfort to the residents; central heating systems raised the
comfort levels for these kind of high residential buildings even
more; and new building materials allowed for large windows that
allowed the light to enter even to the lower storeys. According
to Le Courbusier "The history of architecture is the history of the
struggle for light" (Mayer, Bhatia, 2010). Le Corbusier's saying
is related to the window and the role that technology played in
creating ribbon windows that allowed for more light to enter the
building. In general that was an era where technology thrived and
architects came across many new possibilities which came in
stark opposition to the ill-considered legacy of the medieval city.

So, the basic principle of modernism for light and air was mostly
a reaction towards the “illnesses” that the medieval city had
bestowed, but they were not really referring to light and air in
terms of climate. On the contrary, the technological advances that
enabled these crucial improvements in architecture, were also
the ones that made architects disregard climate much more.
Mechanical systems implemented on buildings made possible
the existence of a completelly fabricated and artificial indoors
climate. The fascination for those opportunities can be seen in
words and actions of many architects even many vyears after
the modernism era. For instance, the centre Georges Pompidou
by Piano, Rodgers and Franchini, constructed in the 70s, is a
perfect example of this mindset. It is a building with "a skin of
infrastructure”; it is a display of how a mechanical system can
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A skin of infrastructure; Centre Pompidou (hotelswelove.com)
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render walls and insulation unnecessary. In fact, this logic it
has not been foreshaken yet, even in the 21st century with the
knowledge of the energy these artificial climates consume and
with the upcoming climate change. Examples such as the Ski
Dubai can be found around the globe making this point perfectly
clear. The words of Reyner Banham can offer a witty insight into
how this mindset is in the end linked to unsustainability as an
inherent of the post-war building and planning tradition:

“For anyone who is prepared to foot the consequent bill for
power consumed it is now possible to live in almost any type
or form of house one likes to name in any region of the world
that (one) takes fancy”

However, to return to the post-war period and the phenomenon
of its residential areas, there are a few additional elements which
led 10 the development of such inherently unsustainable areas
around the world. Significant in order to understand the actual
role of modernism in this, is that after WWII it changed from an
idealistic movement to a development of prototypes that would
answer to the stark needs of humanity around the world. Indeed
the end of the war found many countries in a physical, economic
and social reconstruction phase. Modernists found themselves
obliged to contribute to this phase on a global scale and with
the 6th CIAM meeting (1947) those ideas spread. This formed
prototypes which, combined with the european education
of many architects from around the globe, led to a period of
misapplication of european prototypes. Especially in countries
of South America and Africa (Barker, 2017) but also in countries
of different climatic zones even within Europe — Spain, Former
Yugoslavia, France, Greece, etc. Before WWII modern architeture
was already spreading across Europe but it was adapting to local
conditions, amongst which, to climate. After the war the needs
for housing along with the technology that enabled prefabricated
parts to be massively produced and then assembled on site,
contributed to simplifying and speeding up the process of
planning and building. The materials used lacked in insulation
and the provision for the energy needs to heat those residences
was also lacking since mechanical systems were considered the
panacea.

The elements described above constitute the inherent
unsustainability of post-war neighbournoods as defined in the
current thesis. Inherent unsustainability is therefore defined
as a state of the built environment that condemns it to be
energy unefficient due to design and planning decisions which
disregarded the local conditions and climate. Eventually this
resulted in a negative response of the built environment to the
local climatic conditions that in order to decrease energy needs
for space heating you need to make structural trasformations.



Ski Dubai: ski resort in Dubai, a city with tfropical desert climate (source: commons.wikimedia.org)

New Belgrade, Former Yugoslavia
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Sarcelles Locheres, near Paris Model of Sudoeste del Besos, Barcelona
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This inherent unsustainability of post-war neighbourhoods can
be seen in most such neighbourhoods around Europe. But even
in northern countries, where the post-war modernistic prototype
initiated from and it is supposed to be adapted to the local climate,
there are planned and built in disregard to climate. The reason for
that is that planning and design decisions were made based on
other factors and not local climate. If we take into consideration,
for instance, how these neighbournoods were planned expanding
to free spaces around the existing city, the basic idea was to build
on available land by adjusting to existing Structures. So in the
case of the Netherlands, polder lands surrounding the existing
cities were used for new housing and their land structure defined
the position and orientation of urban blocks and buildings. This
can also be seen in Schiebroek (the case study of this project),
where the orientation of the buildings changes according to the
existing structure (infrastructure, polders).

In order for the aforementioned problematic of planning and
design to become more comprehensible, one needs to bare in
mind what has already been described as core characteristic of
post-war housing projects: the logic of the stamp and the role of
housing corporations. The speed in which these housing projects
were done, the top-down planning process and the central
management of the few housing corporations, made necessary the
existence of a repetitive method that could be replicated not only
within a neighbourhood but also in different neighbourhoods,
in different cities, all centrally planned and in the control of the
same corporations. The logic of the stamp depicts exactly this
automated process; with minimal variations the stamps were
replicated within a neighbourhood. A process that because of
its very nature of simplifying the planning process, it ended up
oversimplifying it, ignoring in this way local settings that can differ
significantly. Indeed we can see the same structure repeating
itself along with the same materials across the Netherlands —
Amsterdam Zuid, Rotterdam, Haarlem, Nijmegen, Amhem, etc
(see following page).



scale. Morphological qualities Modern city principles Dutch post-war principles Connection with Matr
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Schiebroek Zuid in 1900s (left) and in 1965 (right); the structure of the polders and the orientation of the canals is what determined the orientation of
the post-war residential blocks. (source: background image by topotidreis.nl and edited by author)

 \

Inherent unsustainability
IS (therefore) defined as a state of the built environment that conaemns it to

be energy unefficient adue to design and planning aecisions which disregarded
the local conditions and climate.
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The inherent unsustainability along with social issues steming from the failure of the social mixing model,
create the urgency for changes to take place in most of these neighbourhoods. As it has already been
pointed out any kind of spatial interventions should remedy the mistake of not taking the local climate
into consideration. However the importance of the local element in any intervention does not stop with
climate. Many urban renewals disregard both the buildings by planning to demolish them, as well as the
urban structure.

In this project urban renewal is viewed from a different perspective that favours preservation of what is
local and existing — when and where this is possible of course. The reason for this choice is twofold;
firstly, in terms of sustainability any unnecessary demolitions and reconstruction means spending energy
and resources, so when there is another option it should be favoured. Secondly, apart from the problems
that post-war neighbourhoods seem to pose, we should resist to the cliche of seeing them as merely
problematic areas that need to be demolished (ICOMOS, 2003). Apart from the fact that they could be
considered a cultural heritage that shouldn't completely vanish, they were based on spatial principles of
specific values. The idea of openness, interchange between built and green, the light and air that made
them healthier than the traditional city gives them a certain value that it shouldn't be entirely dismissed
but radically improved.
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roads & existing infrastr. defined planning

- streets dominated the structure of the
city as cars became the main transporta-
tion

= polders located on the outskirts of
cities as the main structures for new
residential areas

ENERGY USE

urban b/oc/t

Vo

= 'stamps' repetition

- steep housing needs after the war

- prefabricated materials/building
elements

— expansion to outskirts of cities - a lot of
free space to be planned and built

- stamps included different housing

types

- therefore, height irregularities and
interchange of blocks and garden houses
- aim: social mixing of neighbourhoods

—

h
height irregularities:
mid-rise blocks &
low-rise row houses

- from the art of the facade to the art of
space

- wijkgedacht

- idea of social mixing

= living in the same neighbourhood all
your life

= 'ritme" - "ruimtekunst'

ENERGY USE

Ce

built linear blocks of different orientations

- from the art of the facade to the art of
space

= simple geometries rhythmically
arranged in open space

- post-war residential areas planned on
polder land and according to their
structure

- therefore, mostly two orientations,
perpendicular to each other

ENERGY USE

=

‘openess’

- (again) reaction to unhealthy cities
— more air and sun

ENERGY USE

‘open’ green spaces

- nature as initiator of urban form
= reaction to unhealthy medieval cities
— more air and sun

ENERGY USE

Stamp C

high-rise buildings
- towers

- Le Corbusier's idea of cities on towers
to give space to nature

- central heating and elevators

(late post-war period: late 60s, early 70s)

- gas in Slochteren
- gas pipelines through the country (60s)

ENERGY USE

ENERGY PRODUCTION

building

large buildings for|
various facilities

= zoning
- functionalism

ENERGY PRODUCTION

89



' bd ' ed - 2d

: : (sojdwexa wou)

: m ” m\\q uoieIo|dxa [eneds)
.~ GOHLIW NDISIA : “ 4| sdew sppooy

T AONLS 3SYD : : :

: o AR : m ——| (f0 em-sod

£ SNALLYd NDIS3 | : _“ —| yop ey

“ . = d : _ = ibu

D XHIYN : : - ubisap ueqin

£ ABUANG B VIO : |

SNY3L1Vd
N9IS3d

—— 0Old
—— ©6d
—— 8d
—— /d
—— 9d

Joded

0ld Zd oIlapROL

6d E

: $9100]0UL93]
XIH1VIN
A94HINT
B ALVINITO m

R R R e R R R R R R R L

—— Gd (8imoayyose
—: : JR|NJBUIBA
— ¥d e : ‘s199(0.0)
v : < so[duexa
—— ¢&d Voo .
R R R 91000
—— dd " : ——| ‘siaded Q
— ' i —— | yoessal)
— i ! — | ainesay| m

'OOHLIN  AGNLS 35V PSNE3LLYd N9IS3a XILYIN
N9IS3q m

A

you are here!

90



DESIGN PATTERNS



7.1. DESIGN PATTERNS AND THEIR ROLE

The theory of design patterns and pattern language, launched by Alexander, has ever since found various
different applications, in various fields and it has also faced compliments and critiques. It is therefore
important when we are using this theory or tool, to be aware and clear as of the reason and the way
we use it. In the current project design patterns are used as a catalogue of innovative design solutions
trying to bridge the gap between engineering-technology and design in order to provide design solutions
towards the urban energy transition. However those design solutions should not be seen as fixed aesign
proposals but as spatial guidelines and innovative ideas meant to inspire designers. As Christopher
Alexander says "Each pattern aescribes a problem that occurs over and over again in our environment,
and then aescribes the core of the Solution to that problem, in such a way that you can use this Solution
a millon times over, without ever doing it the same way twice.". This phrase describes the intention of
the current project in the use of patterns. The aspiration of the author is to collect and fashion innovative
design solutions, show possible ways of incorporating them in the urban environment, and in the end
inspire designers to use them and design them in various ways.

It is important to point out that on one part, engineering and technologies can technically facilitate the
energy transition, and on the other part that ideas — especially related to energy productive spaces — are
already taking place around the world. Therefore partially what is missing is an organisational structure
that can identify the spatial elements, the added value as well as the technological fixes. This structure
helps in navigating through different renewable technologies and not only choosing the most appropriate
for each situation but also in showing how the resulting productive landscape can have both an aesthetical
quality and a use for the urban dweller. As with energy production, energy use is linked — in this case —
with physics and engineering principles that are already in place. Those principles are part of the matrix,
however, since they are less pursued than technological fixes, their practical translation and adaptation
in an existing urban environment remains mostly an unknown ground. To cover this ground the design
patterns fdentify, in the case-specific example of post-war neighbourhoods, the problematic and
exhibit a way of implementing the optimum on the existing morphology.

This structure can help urban designers to speed up the process of individual neighbourhood energy
transitions which could then contribute to the urban energy transition. In order to move towards this
direction, it is necessary to escape from the individual solutions and to aiscover the synergies between
them as well as the possiblities for upscaling of smaller design patterns (Sub-patterns). In this way
there can be an impact on the urban scale. Impact much needed if we are to talk about urban energy
transition. Therefore the design patterns are subdivided into groups, main and sub-patterns and finally the
synergies between them are exhbited.

"The elements of this language are entities called pattemns. Each pattern describes a
problem that occurs over and over again in our environment, and then aescribes the
core of the solution to that problem, in such a way that you can use this solution a

million times over; without ever doing it the same way twice."
Christopher Alexander
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7.2. EXTRACTION OF PATTERNS:
MATRIX & TYPOLOGY

In chapter 5, though various different sources, a table (see
opposite page) with optimum morphological characteristics for
wind protection and solar gains (energy use), and renewable
technologies along with the optimum morphology for maximum
energy generation (energy production). This table works as a
guideline when looking at the table of morphological qualities of
dutch post-war neighbourhoods (figure on current page) which
were concluded in chapter 6. In both tables the scale is of crucial
importance in order to correspond the two and to successiully
take the step towards the design patterns.

In order to show how the design patterns are extracted, there
will be separate reference to the energy use and the energy
production. Starting from energy use, the process starts with
looking into the optimum morphological qualities of the matrix
and then comparing them with the morphological qualities of
dutch post-war neighbourhoods. In this way it becomes clear
what kind of problems in relation to energy use any dutch post-
war neighbourhood might be facing. For instance, in the matrix
it is clear that height irregularities are undesireable due to their
negative effect on wind behaviour — for more detailed reasoning
see chapter 5, page 48. Then in the typology height irregularities
— coexistence of low- and mid-rise buildings within the same
stamp even — exists as one of the key characteristics of dutch
post-war neighbourhoods. The next step of this process is by
looking at the optimum to come up with design solutions adapted
to the situation in hand. These solutions are essentially the design
sub-patterns. However in order to make the design solutions
comprehensible and handy for a designer, there is a need to
— where possible — build on the commonalities of some of the
different problems and present them in one structure. This is in
the end the design pattern as proposed in the current project.
Further details as for the inbetween relation of design patterns
and sub-patterns is given in the next sub-chapter.
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height irregularities:
mid-rise blocks &
low-rise row houses

Co

built linear blocks of different orientations

=

‘openess’

‘open’ green spaces

A4

high-rise buildings

- towers
o
N\
N\ 2%@
=

large buildings for
various facilities

95



=
=]
-
o
=2
[
(=)
oc
o
>
(L)
oc
L
—
L

ENERGY USE

1uspuadapu

ABojoyd.iow

“PIing 8s-yBiy g -piw uoneso|
UO[eIU8LI0 JO Juspusadspul uoieIuaLIo
swia)sAs Jamod eyl ABojouyoa)
2,SpUIM Moj Joy areldodde
SMOPUIM PUB SBIU0J[B] ale (SBueA) WB)SAS 181000 PUIM UIM | MYA ABojoydiow
sBuIpiiNg| z |0z “4expieqs, ‘ds uado - soned Joos ‘siayays ‘sdois snq uoneao|
1S3 0} UIN0S| ‘g | 0z ‘epaaid UONBIUSLIO JO Juspusadapul uoieIuaLIo
sjaued .ejos juaiedsues) yénoiul-ess|  -yeydaa 1 MVA sniaidouig 10 | MWA SNIUOARS £Bojouyoay M
(S99®.1I8] JAWWNS) Sdoyjoo. S9PeIR) PUI|Q [BOLIBA 86JE| v_mmﬁmmwﬁ_mwa 1001 1€} ABojoydiow m
$a0eds Uado R *p|ing ‘pling 8su-ybiy 3 -piw “12 19 0D ‘pling asu-ybiy uo1e90| =
1S3\ 01 UYInos (8bues 8a1bap-0z |) 163 01 Yinos 5102 g (uonisod pax1y) piempuim uoneuaLIo o
(BI11xa1) Jejos wij-uiuy (Blxe1) Jejos wii-uiyy . $8UIqN} pulm paionp ABojouyosy =
[818 XIBd oy S
(uone1aban ‘susp moj) sbuiping woJy Aeme 910¢ S9PBIE) 1R S1AUI0J ‘001 1B|} Abojoydiow W_
99eds aljgnd g aimoniselul| e 18 JeIBdIN s (moy Joy 8|qissod) “pjing asu-piw R -ybly Uo1eI0| =
HAN (puIm-0101W 10} A|UO) pIEMPUIM uoieIuaLIo
styed g speos Jejos| 1819 YHWS, ¢:STMYI 10 SBUIGINT PUIM-0JAIL 10 | VA ABojouyoa)
(‘pying [enuepisai-uou/  +2002 [
210z ‘ydas olied/uspJebjool papeys uo isye.d) sdoyoo. Snojdeds pue pspeysun| 18 enezzny, (pannd :adA) wnuwindo) Joou ABojoydiow
M-Uag 103Sq “pIing 8su-ybiy % -piu “PIING 8SU-YBIY *g -pIwpu[e 18 |9 ds uado s1amoy “pling 8si-ybiy g -piw uopeao|
0102 e 1S9/ 03 UIN0S 15e9 0] yinos 2,102 (8lqeIsnipe 1) piempuim uonejualio
3 1\BJRISO $10198]109 dooo. dljoqe.ed $10198]09 9ljoge.ted X s|aued 213 fue S8UI0IN| PUIA SIXY [BIU0ZLIO ABojouyos
90BJINS M.wmoom :_mv_w,w Hmw_o__ﬁmc_m w_w_% mmumﬁmv_. 198148 puIm woJj payaajold g (M/H mo|| “dAyy Juaioile ABisua % asuap M
Buipjing) swooiu uip|!
100. J0 8SB8IOU] WNWIUIW wmmooﬂ :m_om o _M cto:u__mmm,_ :m ul Ajjfeap! %9 sBuIp|ing (e} ou) saoeds uado aNV 1uawdojanap [jiut =
,SS828 IB|0S 0} ‘Wg>Uidap , Te|UsAIeU 1o} ‘Ww9> Lidap (edojanus) ueyd Buiping =
1S100J U886 g " 1INS W\ S88. $98.1 SNONPIIBP/OU :S8IRLINS RS "Ban ouU :8z881q Jawwns 1(Seninea) sjlem palanod-jueld 3 saail uonelahion S
AP8s0j0 apis 1sam uejd [essiejiun jaid ‘(yibus) 159/ -1se3 99elIns Buo| 0y Jejnojpuadiad puim uonejuslio m
=
S
LuNLIe YHMm WINWIE UM paun ‘p-3 Buioey syoo|q (leia1U] BxeM ploAB puUB Mol Bulwwiys aInsodxa Je|os % Aususp =
pejun ‘\\-3 Buloey s00j ¢ igjassod se amol se p/H desy ‘lisusp Ag 3A8IU2E 01 G9'OSM/H B18UM |[ILul =
‘saoeds uado ul 'suap yoiy ‘{UoAuRD dasp [euonipell) ¢Sp/H (oGt) Spsemapis 1o |a)eed G9'0Z M/H | UIpIMAUBISH :0ned 188118 YIpim m W
S90B} \\ 0] ‘|[BJed SmoJ 8al) Jawwins Joy mopeys uonelaban ou  PUIM 8L 01 (;GF) Spiemapis 1o “djpuadiad uoleuaLIo 0o 1H__._
‘J9JUIM 10} SS8IIR. IB|0S :S88.] SNONpIaap :U0[198J1p 828910 JaWWNS  puim 0} “pusdiad ‘Saaul Jo SMoJ Usalbions uoinelahion = L
wJoy 19edwod (g) [
~suwoy ssoua/padeys-| (p) $y00|q Jarewiiiad (2) e
S0} “Buo|a/S30(q Jeaul| Jo “Lie 8al) (1) Sw0)Buoja/$x90]q Jeaul| Jo smol “jesed (|) wJoj :"ydiow ¥o0|q ueqin
7102 ‘1e[es, 102 TBIES, 198115/%0]q UeqIn-
‘210 ‘ydes '600¢ ‘U0
[-usg O3Sy, -9|0]U0Yy ‘NO| Ausuap Buisnoy ybiy
5102 -nodoyown3, 979810 Jawwns puim 8y} 01 SpJemapis 1o Jejnaipuadiad uoneuaLo “ds uado 3 199418
“[e 18 ABBA|Qs, ‘9102 ‘sunog 01 Je[nalpuadiad jou (sx00]q pasodxa A|ny 10y) 15810} UeqIn 1S3.0} UBQUN
‘2861 I ‘siuoljaINe; sBuip|ing |[e} ploAe “Iejnballl ybiay ‘Ui sybiay :'ydiow »20|q uegIn
R uonelpe! Hwom ssa| Apnojo- 679910 B3S- ©8S ULON L0 puIm Buoss g pjoo- %wwx%m_w_:m_{m %%mwm%%
1UIM 8]eiapowl SJaWLWNS 009 SJ9JUIM 3)elapowl 2IVINTD HOLNG
$304N0g T_o“_ m_m:z:ooos HINANG Hw:oo“_ z_<_>_”_ d3INIAL REALIUY ?E aﬁz:ooo& HINNNG _”w:uo“_ z_<_>_”_ HIINIA 404 SNOILIANOD JILYINITD

NOLLVIAYH HY10S

SNY3L1Vd ANIM

96



7.3. DESIGN PATTERNS, GROUPS & SUB-PATTERNS

7.3.1. GUIDE FOR GROUPS, PATTERNS AND SUB-PATTERNS

In order to associate the optimum, provided from the matix,
to the design patterns it is necessary to start the organisation
of the patterns by dividing them to groups. The first two are
directly connected to the matrix since energy use and energy
production are the two clearly divided parts of it. Densification is a
seperate groups for different reasons. Firstly it is an integral part of
sustainability according to many different literatures and theories
(Frey, 1999; Wheeler, 2000; Jabareen, 2006; Kenworthy,
2006; Farr, 2008; Larco, 2016) in terms of compactness,
which is not only about creating a dense urban environment
but also about populating it with a variety of land uses that will
effectively decrease residents trips outside their neighbourhood.
However, it needs to be pointed out that compactness is not

DESIGN PATTERN GROUPS:

ENERGY USE

panacea; on the contrary it can have nrgative results in terms of
sustainability if not all surrounding factors are not taken equally
into account. Therefore, in this project densification is mostly
pursued in individual cases and only in connection with energy
use. Another reason that densification is taken into consideration
is that, as aforementioned, post-war neighbourhoods have the
possibility to be densified and by doing so, there is a double
benefit. Firstly, residents of different financial and social status
can be attracted to these areas restablishing the social mixing
that was originally intended for post-war neighbourhoods. And
secondly it is an answer to the ever increasing urbanization rates,
especially needed if we are opting for the future of the urban
energy transiton.

ENERGY PRODUCTION

..................................

An important classification is between design patterns and
design sub-patterns. Desing patterns are the outcome of
comparing the optimums (matrix) with the existing situation
(post-war neighbourhoods. This is the first step in order to apply
the design patterns in any case study. The grouping process,
apart from providing an organization without which the design
solutions would be less comprehensible, is in its essence the
pattern that a designer needs to use. So design sub-patterns
are equivalents; they are part of the same design pattern and
its problem statement, but they are important variations. In this
way more ideas can be given to the designer in order to use
them freely. Even though they are considered as variations,
differences between sub-patterns do exist and should be taken
into consideration. For this reason, in the end of each pattern, the
sub-patterns are compared in a table as a tool to provide more
information to the designer.

At this point it is important to clarify that densification is part of
the patterns but it is not an individual pattern. It is desireable in
terms of sustainability — in a wider sense as well as in energy-
related sustainability — and in terms of urbanization, but in the
design patterns densfication is proposed only in relation to energy
use. Densification sub-patterns are proposed to provide solutions
to energy use related issues, but they are given special attention
and separate structure due to their complexity. So they are
accompanied by an extra description that specifies how they are
linked with energy use and some elements that should be looked
into more carefully. This info alreasy exists in the matrix chapter
(chapter 5) but it needs to be restated firstly because the patterns
should be able to offer some basic information without the need
for the detailed description of how urban morphology and energy
use & production are connected. And secondly, because a more
focused combination of principles for each densification sub-
pattern is considered more helpful due to the fact that each new
built form changes significantly the existing morphology.
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ENERGY PRODUCTION

1 technology

HAWT (Horizontal Axis Wind Turbines)

orientation

2 technology

windward (WT adjustable)

VAWT or micro-wind turbines or IRWES'

orientation

windward (only for micro-wind)

3 technology

ducted wind turbines

orientation

4 technology

windward (fixed position)

savonius VAWT or Binopterus VAWT

orientation

5 technology
orientation

independent of orientation

appropriate for low winds'
Kite power systems
independent of orientation

5Wang et al., [PV panels & parabolic collectors parabolic rooftop collectors [”Mostafavi et
2017; South to East South to West al.,, 2010;
%Bell etal.,n.d.; 6Scott, Ben-Jo-
"Guzzetta et seph, 2012
al., 2007;
8Smith et al., (solar roads & paths
2012;
e . —
2016
*Park etal. o fim solar (textile) thin-film solar (textie)
1201 5 South to East (120-degree range) South to West
Ledo et al.,
2Korprasertsak

& Leephak-  |sge-through transparent solar panels
preeda, 2015;|South to East

DESIGN PATTERNS.: LOCATION

Mid-rise buildings (4-10 floors)

High-rise buildings (=10 floors)

Non-Residential buildings

Public spaces

DESIGN PATTERNS: MORPHOLOGY/SURFACES OF
SENSITIVITY OR POTENTIAL

facades

blind walls

rooftops

‘open’ space

Extra symbols are used in order to make the list of patterns easily
legible. The /ocation symbols are merely there to navigate easier
through the patterns depending on what kind of buildings the
case study consists of. The morphology/surfaces of sensitivity
or potential are correlated to the building morphology of the
matrix. Specifically in the energy production part of the matrix,
the surfaces are incorporated in the "morphology" information of
each technology. In the energy use, there is no explicit reference
because the most important surfaces of sensitivity — that are also
taken into account in the current project — are the facades of
the buildings. The reason for that, is the fact that the apertures
(windows) on the facades are the source for most of the energy
loss but also for the solar gains. Exception of this rule only exists
in pattern C as it will be exhibited.

Another intention of using symbols for surfaces in the patterns is
to offer a sense of the spatial synergies but also competitions.
Due to the fact that those design solutions in the end will be
implemented on specific surfaces in space it can become easily
imagineable that in the process of case study design decisions
will have to be taken between competing sub-patterns.




EXAMPLE

WIND

SURFACES/MORPHOLOGY

¢

LOCATION
residential buildings

ENERGY USE

DESIGN PATTERNS
AB

SURFACES/MORPHOLOGY

. EEEAA

LOCATION

WD)

DESIGN PATTERNS
D,EFG

ENERGY PRODUCTION

SOLAR

SURFACES/MORPHOLOGY

AN

LOCATION
residential buildings

DESIGN PATTERNS
C

SURFACES/MORPHOLOGY

S B

LOCATION

DOBE)

DESIGN PATTERNS
D,EFG

The table above is a conlusion table that uses the structure of the matrix to show how all the

elements that will be used in the patterns fit and are a part of
fo trace back to the matrix and in the next step to identify in
need to be examined for sub-patterns to be applied. This ste
in more detal,

Finally an example is exhibited here to make the structure of

the matrix. This helps make it easier
the site which locations and surfaces
p will be exhibited in the Case study

design patterns in this project more

comprehensible — from pattern groups to patterns to sub-patterns and to the structure of the latter.

DESIGN PATTERN
fitle of design pattern
problem statement of
design pattern

DESIGN SUB-PATTERN

reference project/
design idea

=y

: URBAN FOREST

P

/’
oy

high density barrier

Reference
left: Azelia Residence (Bandar Sri Damansara, PJ)
right: The Court Square Press




7.3.2. DESIGN PATTERNS CATALOGUE

A FACADES EXPOSED TO PREVAILING WINTER WIND

Problem statement

Sides of building exposed to wind during winter have as a result significant loss of buildings' heat especially in the case of the

poorly insulated post-war buildings. No or insufficient (deciduous) protection from vegetation is a common reason for exposure

to wind. Also low H/W ratio for parallel rows results in wind's acceleration regaining. Meanwhile, parallel linear blocks with large

open spaces inbetween them are common in dutch post-war neighbourhoods. Therefore high density barriers should be placed

in the presence of main flow (full speed). Low density barriers are more appropriate in cases of wake interference or lee eddys. W

B. WIND SPEED ACCELERATION DUE TO TUNNEL EFFECT

Problem statement
Parallel rows of buildings when oriented in parallel to the prevailing wind direction create an acceleration of the wind which in

turn intensifies the negative impact of wind on building energy consumption. Therefore barriers should be placed to decrease,
if not to block it entirely, the wind speed. W

C.  LACK OF PASSIVE HEATING

Problem statement

The optimum orientation of living spaces is facing south for solar passive heating. Indeed in some of the post war buildings the
entrance is north so that living spaces can freely face the south. However it is also common for a 'stamp’ to consist of different —

often perpendicular to each other — orientated buildings. Therefore some buildings face E-W which is disadvantageous both for

winter and summer moths. Therefore, where possible glazed spaces should be created to maximize passive heating during winter &
months and at the same time provide for cooling opportunities during summer. Where not possible or desireable, the possibility is

given for infill development since there is already no solar exposure and densification is considered desireable. W

D.  UNUSED AND ENERGY-LACKING ROOFTOPS OF RESIDENTIAL BUILDINGS

Problem statement

Rooftops on residential buildings are under- or unused. In mid-rise buildings a combination of energy production and active use @
by residents is both desireable and possible. The height of mid-rise buildings shows lower wind speeds which means, on the
hand specific technologies can only be productive, on the other hand they can be actively used by residents. Elements such Q%ﬁ
as orientation, position, visual impact and combination with other uses, need to be taken into account for design decisions.

E. UNUSED AND ENERGY-LACKING HIGH-RISE BUILDINGS' SURFACES

Problem statement @

In many post-war neighbourhoods there is a significant number of high rise buildings. The wind speeds at

these heights are higher and unblocked by surrounding buildings, the same applies for sun on the higher W sﬂmﬂ Q%ﬁ
floors.

F UNDERUSED AND ENERGY-LACKING PUBLIC SPACES

Problem statement

The result of openess and zoning has been an abundance of public spaces for green or activities but are currently largely
underused. These large and undefined spaces have the potential with the implementaion of various innovative technologies
to be revitalized while contributing in lowering energy demand of buildings or more importantly in energy production,

G.  SMALL OR UNPRODUCTIVE RESIDENTIAL ROOFTOPS

Problem statement

Rooftops on residential buildings can often be too small to produce enough energy or the circumastances might be
unfavourable, such as shadow on single-family houses from blocks of flats. Public or commercial buildings located usually
in the centre or orderly in relation to houses, usually have large rooftops appropriate for large installations of PV panels.
Their location in relation to houses can serve well in connecting the houses to this more central installations.
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A.  FACADES EXPOSED T0O PREVAILING WINTER WIND

Problem statement
Sides of building exposed to wind during winter have as a result significant loss of buildings' heat especially in the case of the

poorly insulated post-war buildings. No or insufficient (deciduous) protection from vegetation is a common reason for exposure
to wind. Also low H/W ratio for parallel rows results in wind's acceleration regaining. Meanwhile, parallel linear blocks with large
open spaces inbetween them are common in dutch post-war neighbournoods. Therefore high density barriers should be placed
in the presence of main flow (full speed). Low density barriers are more appropriate in cases of wake interference or lee eddys.

0% p1_ursan ForesT

Reference
left; Azelia Residence (Bandar Sri Damansara, PJ)
right: The Court Square Press (Landworks Studio)

high density barrier

P2_EVERGREEN TREE ROW

Reference
Nieuw Leyden (MVRDV)

low density barrier

P3_‘GREEN’ WALLS

—~ T Reference

The greenscreen® trellis system of engineered
mounting accessories is designed to hold
greenscreen® trellis panels off the building
surface, protecting the building's waterproof

y
membrane from direct plant attachment and
transferring the weight of the plants to the

=« _screen structure and the wall. Panels can be '
stacked side to side or top to bottom to cover

s larger areas.
y Fishers Place Parking Structure Facade,
/ qb Rockville MD (greenscreen)

g S
low density barrier
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B r19 compacT Form

Description
Compact form — aka structure with minimum exterior surface and a roofplan analogy (width

to length) of 1: 1.1-1.3 elongated on E-W axis — can sustain its inner heat better and if the
width or legth remains under 10m it is easily heated. Therefore, and given current insulation
systems and the incorporation of green walls, a line of compact towers can provide shelter
for post-war high-rise buildings.

Neubau MFO-Park Zlrich (Burckhardt+Partner ReGen village vertical farming system  (EFFEKT Urban Farm at Pasona Tokyo Headquarters is a nine
AG, Raderschall Landschaftsarchitekten) Architects) story high corporate office building (KONODESIGNS)

060 @O

P20_PARALLEL ROWS DENSIFICATION

Description
The wind flow when encountering a hard-edged building (flat roof, vertical walls) is displced

over the building which then functions as a shelter for succeeding buildings. However when
the buildings set in parallel have large spacing in between them (low hight-to-width ratio) then
the sheltering effect is lost. Densifying the in between space by adding a new row restores—

the sheltering effect. '

Y:Cube (Rogfs Stirk Harbour + Partners, YMCA
London South West)

OO0 0CQ
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B. WIND SPEED ACCELERATION DUE TO TUNNEL EFFECT

Problem statement

Parallel rows of buildings when oriented in parallel to the prevailing wind direction create an acceleration of the wind which in
turn intensifies the negative impact of wind on building energy consumption. Therefore barriers should be placed to decrease, W

if not to block it entirely, the wind speed.

P1_URBAN FOREST

@ P2_EVERGREEN TREE ROW

Description
Apart from blocking the prevailing wind, homogenous

blocks show the best behaviour against wind in
general (Jurelionis, Bouris, 2016). Only condition is
for the infill blocks to have the same height as the
existing ones.

I P22 _T-SHAPED

Description
This added volume apart from decreasing the

wind speed, it offers a sheltering effect to the
part succeding it in the course of the wind. If also
combined with high density vegetation before the
added volume, the wind will act as a skimming flow
increasing the shelter.

104

Reference
Aerial view of 'closed', homogeneous urban
blocks in Zurich, Switzerland  (Jurelionis,
Bouris, 2016)

Reference
Y-shaped bulding in Finsbury, London




C.  LACK OF PASSIVE HEATING

Problem statement
The optimum orientation of living spaces is facing south for solar passive heating. Indeed in some of the post war buildings the
entrance is north so that living spaces can freely face the south. However it is also common for a 'stamp' to consist of different —

often perpendicular to each other — orientated buildings. Therefore some buildings face E-W which is disadvantageous both for :lmm]
winter and summer moths. Therefore, where possible glazed spaces should be created to maximize passive heating during winter
months and at the same time provide for cooling opportunities during summer. Where not possible or desireable, the possibility is
given for infill development since there is already no solar exposure and densification is considered desireable. W

=) r2s arrum

Reference

Bosch Siemens Hausgeréte
B/S/H/) in Hoofddorp;
The ceiling of the atrium
features building integrated
photovoltaic ~ panels.  In
addition a green living wall
is part of the interior space.
(source: inhabitat.com)

P25_SUNROOM

Reference

University Centre "des Quais" in Lyon; vertical
adjustable glass panels are integrated in the building
thanks to an exterior structure. (source: archdalily.
com)

obstacle

P26 _INFILL DEVELOPMENT
Description

Infill development essentially refers to densification I
S0 this is a complex sub-pattern that links to the 4 - C n I

densification sub-patterns.
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COMPARATIVE TABLE FOR ENERGY USE DESIGN SUB-PATTERNS

BASIC ELEMENTS EFFECT INFO
C‘gmﬂ%}n building size mosrlgj)pfg!:%gy/ density effect on wind I-rI?VSvt?;?ﬁ)

a wind S&M S high v

i wind S&M B low X

PP @D wind Al B low X
PO wind L S high X
P20 == wind S&M S high N4
2T I wind S&M S high v
P22 solar S&M B high %
P24 T solar All oy of - N4
P25 G solar Al W @mﬂﬂ] s X
P26 @ solar & wind Al B high . Sggg{fgm

blocks
decreases

COMPARATIVE TABLE FOR DENSIFICATION DESIGN SUB-PATTERNS

P17_compact forms

P18_parallel linear
blocks

P19_perimeter
blocks

-

P22_T-shaped/cross

wind protection

QOO

©O

QOO

WINTER

solar gains

©

©O

@

©
©

heat preservation

QOO

©

QOO

©

SUMMER

all of the above
into consideration

©O

©

D)

&
.

% irrelevant/unknown

Note

In this evaluation the appropriate orentation and position is assumed to be kept




D.  UNUSED AND ENERGY-LACKING ROOFTOPS OF RESIDENTIAL BUILDINGS

Problem statement
Rooftops on residential buildings are under- or unused. In mid-rise buildings a combination of energy production and active use @

by residents is both desireable and possible. The height of mid-rise buildings shows lower wind speeds which means, onthe
hand specific technologies can only be productive, on the other hand they can be actively used by residents. Elements such é%ﬁ
as orientation, position, visual impact and combination with other uses, need to be taken into account for design decisions.

5‘ P4_DUCTED WIND TURBINES

Reference
prototype ducted wind turbine as designed and
fabricated by ESRU (University of Strathclyde)

— PV panels (solar energy) and vertical
wind turbines (wind energy)

= low visual impact

- fixed orientation (windward side)

- fixed position (edge)

P5_MICRO-WIND Reference
Motorwind developed by Researchers at Hong Kong

D University and Lucwen Gambarota of Motorwave Ltd
= fixed orientation (windward) 3 %

- wind energy generation with low
wind speeds (starts at only 2m/s)
- low embodied energy

Reference

The omni-directional wind turbines have been integrated
into the design of the building and precisely positioned to
collect wind from both the North and South sides of the
rooﬁop farm. (inhabitat.com)

ﬂ P6_VAWT

- fixed position (edge)

- free orientation

= ideal for low and turbulent wind
- low embodied energy

h
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—

—

—

—

120-degree wide range
textile (variety of uses)
low cost

low embodied energy

= relatively free orientation & position
= good combination with other uses

(patios, pergolas)

= provides electricity and hot water
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QY P7_SOLAR ‘FABRIC’

P7_SOLAR ‘FABRIC’

Energy production: 0.2 kWh/day for 1m¥?

(based on dutch sun peak hours for WINTER)

v
Average laptop: 60 W(J/s)

X 3m

> 1.3kWh/day -3 | E~ 4.7 MJ/day

P8_PV PANELS & PARABOLIC COLLECTORS

S

Reference

By day, the rooftop canopy provides energy,
shading, and expanded rooftop living space; at
night, the lightweight solar textiles are retracted and
rolled into the stairwell for storage. Architectural
rendering for the Casa Burguesa district of Porto,

Portugal. (Mostafavi et al., 2010)

Reference
Shaded patios and rooftops (Scott, Ben-

Joseph, 2012; Dickson, 2012)

Parabolic Rooftop T T
Collectors
Shared Patio NN
N _—m e s Ly




P9_HAWTS
ON CURVED ROOFS

Reference

"(...) the soft transition (curved edge) between wall
and roof types produces an increase in speed-up.
An optimum building roof shape for the wind energy
exploitation necessarily occurs by the use of curved
shapes." (Toja et al., 2015)

= high productivity (wind acceleration
thanks to roof's geometry

— densification (plug-in to existing
building)

P10_VAWTS e Reference
_ R o Under the solar roof a lined up installation of
ON CURVED ROOFS funnels and turbines is installed along the roof

edge to capture the fagade interacting flow and
accelerate it towards the turbines. This ensures
highest efficiency due to a concentrated air flow
with increased wind speed, and introduces more
operational hours as the turbine startup speed is
reached more often. The problem of turbulence
that most small wind mills in the urban environment
suffer is also reduced as the turbulence intensity is
reduced by the funneling. (ibispower.eu)

= high productivity (wind acceleration
thanks to roof's geometry

- densification  (plug-in to existing
building)

= combination with other uses (above
the construction)

{\

ibispower.eu
E. UNUSED AND ENERGY-LACKING HIGH-RISE BUILDINGS' SURFACES

Problem statement

In many post-war neighbourhoods there is a significant number of high rise buildings. The wind speeds at
these heights are higher and unblocked by surrounding buildings, the same applies for sun on the higher
floors.

P6_VAWT
Reference
The street-facing facade of the
Greenway  Self-Park  features 12
- iton: i vertical-axis wind turbines that harvest
pOSIUOﬂ.. rooftop or sides , the wind whipping through the city
- prOdUC’[Ive with turbulent wind strests (inhabitat.com)
P 72—H’4W T Reference
~ ] Integration  of HAWTs in

«

urban  setting,  renderings
showing possible integrations
of HAWTs in an urban
setting ~ (climatetechwiki.org;
instructables.com)

- position: rooftop or sides
= productive with high speed wind

$¢9dddedids

.
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P13_MICRO-WIND
ON FACADES AND BLIND WALLS

P

= position; facades
fixed orientation (windward facade)
arrangement accelerated the wind

before it reaches the rotor

—

—

= productive with low wind speed
= no visual impact
\ P14_KITE POWER SYSTEMS
= position: roof
- free orientation
— access to constant wind (steady

energy generation)
low visual impact (200m high) &
more visual-friendly for people

—

P15_SOLAR GLASS WINDOWS

position: facade

= orientation: south
= no visual impact

110

otie BT

Viou: free

Reference

"Above the stagnation point on a building's windward wall,
which is 70% of the building height, the wind flows toward the
upper floors." (Park et al., 2015: 11852)

"The proposed system has been developed by combining a
guide vane that is able to effectively collect the incoming wind
and increase its speed and a rotor with an appropriate shape for
specific conditions." (Park et al., 2015: 11846)

Reference
The MS Beluga SkySails is pulled along by a
computer-controlled kite attached to the bows of
the ship, assisting the engines and reducing fuel
consumption by up to 35 per cent depending on the
prevailing wind conditions.)

Reference

"Photovoltaic low-e glass: A glass for construction purposes
that is able to generate its own energy. The focal point to take
into account is the fact that this photovoltaic glass presents the
same structural qualities as its conventional alternatives, thus
providing a perfect opportunity for architects to transition to the
new material." (nreionline.com)

Bursagaz, photovoltaic facade )‘ .

-

(onyxsolar.com
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Reference
By day, the rooftop canopy provides energy, shading, and
expanded rooftop living space; at night, the lightweight solar
textiles are retracted and rolled into the stairwell for storage.
Architectural rendering for the Casa Burguesa district of Porto,
Portugal. (Mostafavi et al., 2010)

-

1T
T

~—

QY P7_SOLAR ‘FABRIC’
VERTICAL

= 120-degree wide range B ,
- textile (variety of uses) ’ ! i
- low cost '
= low embodied energy

F UNDERUSED AND ENERGY-LACKING PUBLIC SPACES

Problem statement

The result of openess and zoning has been an abundance of public spaces for green or activities but are currently largely
underused. These large and undefined spaces have the potential with the implementaion of various innovative technologies
to be revitalized while contributing in lowering energy demand of buildings or more importantly in energy production.

= Urban Block scale

P16_VAWT
SMALL SCALE

- free orientation :
= productive with low wind
speed

= combined with other uses

Reference
Tensile Solar, weatherproof and structurally
reinforced photovoltaic modules that act
almost like a fabric that can not only protect,
but power. (source: www.core77.com)

=y P7_SOLAR ‘FABRIC’

= relatively free orientation
= combined with other uses
= waterproof fabric

= low cost

1



Reference

"Measuring the size of a ceiling fan
and priced a little more than the latest
Apple iPhone, this wind turbine can
generate three to five kilowatt hours
of electricity daily - enough to power a
home." (thequint.com)

@ P18_HAWT
TOWER

CLEAN
RENEWBUIE
| ENERGYTr@ e

= combined with other uses
= low cost

/100750
’\ \\\\“‘“"A\\‘\\\I‘/\ e T

"
W

"///I////l ‘W
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W

S

RN =

S =

= @ P18_HAWT \TOWER =
§ L§“ Fnergy production: 3-5 KWh/day = « = « s s« x s >> | Average E~ 14 MJ/day §
— Cost: 640 € . —
= = =
= S =
— \ —
= f_ﬁ =
= g =
= "::'4 =
= K ENERGY CONSUMPTION of an , =
= O BB average COFFEE MACHINE =
§ s ----------- PR ‘ g i E
= S v 1h=3,600s =
= &y Average coffee maching: 800 W(J/S) « = « v e v v v e | t=5h E 5h —
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- Urban scale

Reference
"In the Netherlands, a 70-meter solar bike path was
reported to have exceeded expectations by producing more
than 3,000 kilowatt hours of electricity - enough to power a
small household for a year." (http://www.dw.com/en/solar-
roadways-a-way-forward-for-renewables/a-19048835)
[/

P17_SOLAR ROAD

= variety of uses
- availability of spaces (due
to its various uses)

Reference
P 76_M4W T The bus stop in central Reykjavik, lceland,
SMALL SCALE modified by lceWind and installed the wind

turbines above Storm  Shelter. The two
customized wind turbines made the bus stop
completely independent from the grid and =z,
provided the lighting, Wi-Fi hotspot, mobile
chargers and a remote controlled 70" ads
screen. Its energy solution offers around 30
year lifetime, no effect on bird life and no need
to face the wind direction. (Source: lceWind)

—  free orientation
= productive with low wind
speed

= combined with other uses

Reference

Tensile Solar, weatherproof and
structurally reinforced photovoltaic
modules that act almost like a fabric
that can not only protect, but power.
(source: www.core77.com)

P7_SOLAR ‘FABRIC’

1T
T

= relatively free orientation
- combined with other uses
= waterproof fabric

- low cost

13



P6_VAWT

Reference

PARIS SMART CITY 2050; the new
urban image where solar, hydrodynamic
and planted towers cover the existing
city and on the other side of the street
VAWTs cocreate the new image
and are part of the productive urban
environment

Q-

1 day=8,640s
A

E=Pidt
P=16CDPAV wuud P=6817 wnnssY Ex59MNday ««=¥) | E~2150 Mbjyear
P is power
Cp is the power coefficient,
p is air density,
A'is the swept area of the turbine, X 6

v is the wind speed

ﬁ primary energy use of dutch mid-terraced dwelling $

calculated energy demand of typical mid-terraced dwellings
SPACE HEATING

AT >> [ & 12500 MIfyear

50000

37500

gy use ()]

3
3 25000
5

primary

INSIGHT TO THE DESIGN METHOD

M spaceheating  u hotwater W ventilation [ lighting summer comfort

= e e nnm

TR R
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G.  SMALL OR UNPRODUCTIVE RESIDENTIAL ROOFTOPS

Problem statement
Rooftops on residential buildings can often be too small to produce enough energy or the circumastances might be

unfavourable, such as shadow on single-family houses from blocks of flats. Public or commercial buildings located usually
in the centre or orderly in relation to houses, usually have large rooftops appropriate for large installations of PV panels.
Their location in relation to houses can serve well in connecting the houses to this more central installations.

P171_PV PANELS ON NON-RESIDENTIAL BUILDINGS ’
Reference o A=)
—fixed orientation (south) "You build a solar park together with [ &2 \; ’
o , your neighbors. Buy Sun certificates W ‘
= no combination with other uses in a solar park and contribute to a ' =)
better world, Without having to I ’

= high productivi
aonp y worry about it. Moreover, you also

have a lower energy billl This is how
you participate." (solargreenpoint,

n.d.) 0 ]
o ﬁ t ®
4
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7.3.3 COMPARATIVE TABLES

As mentioned in the introduction part of the Design patterns'
chapter (7.3.1), the sub-patterns are variations of equivalent
solutions. However they present differences on various other
aspects that are also significant for a designer to decide which
sub-patterns to implement. Moreover, through the complex
process of pattern implementation that will be further shown in the
Case study, there is often the need after the first implementation
attempt to review the selection of sub-patterns. In this case the
table can be helpful in deciding on an alternative sub-pattern.

= _Enerqgy use sub-patterns

For the energy use sub-patterns two comparative tables are
drafted. The first one incorporates all of the sub-patterns and
compares their performances. The first information given
that helps in orienting the designer on which are relevant for
each situation has to do with what type of building each sub-
pattern is appropriate for. Those belonging to wind protection
are characterized based on whether they pose a high or low
density barrier, by definition but because of the complexity in
implementation decisions, the information on what effect they have
on wind is given for all. Finally the effect they have on the H/W
ratio, shows whether they can help in protecting the subsequent
buildings. This information is in general important since the H/W
ratio affects also, for instance how well the urban block will be
ventilated or whether extra attention should be paid to the effect
of the sub-pattern on the solar exposure of subsequent buildings.

The second table provides specific information on the

densification sub-patterns. The specific information is related to
a qualitative evaluation of the performance of each densification

COMPARATIVE TABLE FOR ENERGY USE

sub-pattern on the subjects of wind protection, solar gains but
also heat preservation. The latter is clearly related only to built
form and is especially relevant if we take into consideration that
energy efficient housing typologies — as also proposed by Larco
— are extremely significant for energy use. At the same time,
separate attention is given to how the same qualities that affect
energy use during winter, affect energy use during summer.

= _Enerqy proauction sub-patterns

The comparison table of the energy production sub-patterns has 3
functions. Firstly to orient the designer — similarly to the first energy
use comparative table — on which are the relevants sub-patterns
for each situation depending on which source is available, what
type of building and which surface of the bulding (or if it's on the
public space). Secondly, to help in positioning each technology
in the right way to be produstive. Finally extra information is given
in order to cover other significant aspects related to the design as
well as some extra details (technical, financial and sustainability-
related). The design-related information is particularly important
for the design phase since it gives both a sense of whether each
sub-pattern can be well combined with other uses and its visual
impact. Those two characteristics constitute the added value
that each technology can entail. The extra details are mostly
speculative based on various information gathered by the author

COMPARATIVE TABLE FOR DENSIFICATION

DESIGN SUB-PATTERNS DESIGN SUB-PATTERNS
BASIC ELEMENTS EFFECT INFO .
c%irmﬂﬂfn building size mosrgpfglc%gy/ density effect on wind ﬁfﬁ}?ﬁ% - . n I
P1 @ i S&M W high P17_compact forms P18 Jl?l:)aélg linear P19T1Icvci<s P22_T shage
P2 @ wind S&M m low wind protection @ @ @ @ @ @ @ @ ©
P3 . wind All W low = solar gains
B © oo | @ | ©
P19 - wind L m high heat preservation @ @ @ @ @ @ @ @ @
Pe0 == wind S&M B high
& R Y 7
oy e | sew | & | men e OO | © | @O 777
2 Z
P22 T o S&M g high
P24 solar Al W Eﬂﬂli @ works
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8

CASE STUDY: SCHIEBROEK
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8.1. INTRODUCTION AND JUSTIFICATION OF CHOICE

As aforementioned (see methodology) the location is used as a physical space where the case study will
land in. Therefore it will be a way of assessing the effectiveness and appicability of the design patterns.
Since the intention of this project is to address the gap between engineering and urban design, and come
up with design patterns towards the urban energy transition, a lock-in in a specific location is not desirable.
However any intervention within an urban environment should never be a mere application of engineering
solutions. The alteration of form and use need to be carefully designed and to the new spaces that will be
designed there should always be given the added value that people need. So the case study works not
only as a test of the design solutions but also as an example of how these patterns should be integrated
in urban design and in the end what will the new urban environment look like.

The location for the case study is critically chosen so as to be a representative speciment and to be able
to extract some of the final results as part of the design method. Therefore the case study concerns
a post-war neighbourhood in the Netherlands, South Schiebroek as a typical example of post-war
neighbourhood. Itis located in the north of Rotterdam and the construction of the neighbourhood started
in the late 50s. Few of the buildings have been renovated or demolished and rebuilt, and the vast majority
is still in its original state. This makes it an ideal neighbourhood as a case study, since the buildings are
still poorly insulated and at the same time it seems that urban renewal is planned to happen. The plans
opt for partly demolition and partly renovation of the housing stock, and sustainability is also a clear goal
of the municipality as well as the housing corporations. When it comes to sustainable energy, Schiebroek
faces difficulties since it seems dificult and to expensive to connect it to district heating (Tillie, 2018). This
is the currently most common system that housing associations apply in post-war neighbourhoods and it
therefore poses a serious issue in the transition of Schiebroek. Finally, in terms of densification Schiebroek
Zuid is advantageously located close to two metro stations, and close to the airport and a natural area that
it is even planned to be expanded and enriched.

The analysis that has been done for the site is primarily related to all elements linked to urban morphology,
climatic conditions, natural assets and any other element relevant to climate-resonsive and energy-active
urban design. Despite the focus on climatic and energy related analysis, when related to densification
of urban blocks or urban scale intervensions and design, land uses and neighbourhood accessibility,
amongst others, are also being examined.

8.2. LOCAL CONDITIONS: SCHIEBROEK ZUID

As it has already been stressed out, local conditions play a crucial role when it comes to sustainable
urban design. Characteristics such as the distance from the equator or the specific climatic zone, to
name a few, affect the behaviour and direction of prevailing wind, the ammount and peak of sun. Those
characteristings along with local settings need to be taken into account before even the analysis starts.
Those local conditions are given in corralation with the parameters of the matrix for energy use since
they are directly connected to some of them. Some of those local conditions are also connected with
the energy production and therefore a scheme of the matrix shown which areas of the matrix these local
conditions affect.
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8.2.1. LOCAL CONDITIONS: DISTRICT/NEIGHBOURHOOD

1. HEIGHT IRREGULARITIES

CLIMATE . . . .
As it has already been discussed — and is part of the matrix —

height iregularities in an urban area can have extremely negative
results in energy demand. Therefore there needs to be a mapping
of heights within the whole neighbourhood in order to examine
how sensitive it is to wind overall. Schiebroek Zuid in particular is
significantly vulnerable to wind induced energy losses since the
height iregularities are present throughout the neighbourhood.
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2. URBAN FOREST

As it has already been discussed — and is part of the matrix — one
of the most important shielda against strong wind is vegetation.
In the case of Schiebroek most of the trees are deciduous (e.g.
platanus, acer and tilia) and their height ranges from less than 4m
to 25 m. In the typologies that have already been shown most
of the windward buildings are roughly 20 m high (four storeys).
Therefore there is minimum  protection from the wind during
winter time, maximizing heat losses in this way (Jurelionis,Bouris,
2016).

less than 4 m
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3. STREET AND OPEN SPACE ORIENTATION

Wind direction distribution in (%%)
Year

Deciduous trees offer minimum protection which in case of lee

NNW 12 NNE eddys it could be relatively satisfactory, but in cases of full speed
W 10 . wind they offer no real protection. Therefore in the first building
& of a block or if the H/W street ratio within the block is too low
- j - and thgn the sheltering effect is lost (see matrix chapter), stronger
'é-- : protection Is necessary.
(4]

Another local characteristic that is of crucial importance for wind

,_ protection as well as wind energy generation, is the direction of

"\ y o the prevailing wind. In the case of Rotterdam the direction is SW

(for winter of course). With the assumptions made regarding

vegetation and wind direction, @ map is made in order to show

SSW SSE the first sense of the impact of the wind in the neighbournood and
© windfinder com in the different blocks.

sw ; SE
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4. SUN PEAK HOURS

Finally for the district/neighbourhood scale it is also important to
know before the analysis or pattern implementation take place, the
amount of sun peak hours. Officially this is not part of the matrix
but when it comes to energy production it is of key importance.

S0, by sun peak hours we mean the hours that the sun has its
maximum value and those are the hours that account for for
passive heating as well as solar energy. The sun peak hours are
defined by the specific geographical location and the period within
the year. In this project the winter is mainly taken into account,
therefore the winter solstice is taken as time since it is the time
of the least sun hours. So in terms of passive heating and solar
energy, the Netherlands is peaked as a specific location and the
winter solstice as specific ime period. The result is that 2 hours
can be considered in the analysis.

The average sun hours by month have been calculated by the Met Office in the UK, based on averaged

data from 2000 to 2010, and are shown below:

s January - 2 Hours

= February - 3 Hours
= March - 4 Hours

= April - 6 Hours

s May - 6 Hours

s June -7 Hours

s July - 7 Hours

* August - 6 Hours

= September - 5 Hours
s QOctober - 4 Hours

s November - 3 Hours
s December - 2 Hours

If you wish to estimate a rough daily output for a solar system, this can be done using the figures quoted

above and the following equation:

Peak sun hours per day x PV systems rated output (Watts) x 0.85 = Estimated daily output in Watts

per day.

128



ANOZ 40

6808 410!

)
=
o
o
D
—
(@]
S
n
D
=
s
(@
@
£
S
=2
o
=
[
S
S
=
o
wn
=
=
5
o
w

(*Djop UCYD|OSUI JD|OS SPIM|JOM P3ID|NWNIDD UD paspg) JDak ayj JOo YUOoW jsiom ayj
Buunp asopns pajjy Ajjowydo up uo Aop yooa paaledal ‘sunoy ul ABisue Jojos jo Junowo sy smoys dow siy)

de uonejosu| plHOM




8.2.2. LOCAL CONDITIONS: URBAN BLOCK/STREET

1. URBAN BLOCK TYPOLOGY

Important step in implementing the patterns, was to separate the
urban blocks and within each block to identify the stamp that
repeated itself throught the block. A more analytical profile with
heights, private gardens and open spaces is drawn in order to
understand the structure of each stamp. This last step is also
really important in the stage of impact maps (see urban scale
subchapter), since a better knowledge of the stamp structure
helped in applying some patterns to different stamps without
undergoing the analysis phase for each urban block again.
Nevertheless it needs to be pointed out that implementation
of patterns based on the similarity of various stamps is, firstly,
to be considered as an initial orientation for the actual pattern
implementation, and secondly the application of patterns should
not be confused with the design of the block. Namely, even if the
patterns can be extracted from a similar stamp of another block,
the design process of the block cannot be copied and it needs to
be processed from scratch.

CLIMATE

ENERGY USE
MORPHOLOGICAL
QUALITIES

ENERGY PRODUCTION
TECHNOLOGIES
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2. HEIGHT TO WIDTH RATIO (H/W)

Urban Block A - stamp
E:}:)\

h/w
0.19

4
e

h/w
0.19

Urban Block C - stamp

arking

o

open' green space

=z

I private garden

low-rise

mid-rise

I high-rise
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Urban Block D - stamp
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The H/W ratio as an urban block/street parameter is incorporated
in the urban block typology. For each urban block a different
ratio exist although it is visible that in many cases the H/W ratio
of the six out of five urban blocks is almost the same due to the
similarities in plannar structure as well as in heights. First of all the
H/W ration is calculated by taking into account the direction of the
wind. Secondly in order to analyse the whole block the first step
is to check the H/W ratio within the stamp of the block and then
by positioning the subsequent stamp the next step is to calculate
the ratio for the buildings across the stamps. Also it should be
noted that the ratio is not calculated for low-rise buildings since
the effect of the wind is considered significantly lower than in
mid-rise and above.
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8.2.3. LOCAL CONDITIONS: BUILDING (PARCEL)

1. BUILDING PLAN (ENVELOPE)

An extra element that should be taken into account when applying
patterns to an urban block and also when identifying similarities
between different stamps is the type of residential buildings. The
characteristics that matter in this case, are the ones connected fo
passive heating. Therefore, the orientation of the floorplan as well
as overhanging shelters or balconies or (in this case) corridors,
can determine — also depending on the orientation of the building
— whether the houses can get enough sunlight or not (Olygay
et a, 2015). For instance two linear buildings with the same
orientation, for instance N-E, can have remarkable differences
in passive heating depending on the floor plan orientation. In
the N-E case, a bilateral building will absorb heat from the east,
whereas a unilateral building facing the west — like the example
of the building in stamps A,B & E — will have no passive heating.
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east facade

some solar access
(less than south facades)

corridor
(unilateral orientation)

west facade
shaded during winter

balconies
and windows
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8.3. FOCUS AREAS: DESIGN PATTERNS IMPLEMENTATION AND DESIGN

From the whole neighbourhood of Schiebroek Zuid, 2 areas will be studied in detail and there will be a separate
focus on the urban scale. The two focus areas are chosen as representative speciments of the early and late
periods of post-war neighbourhoods, and accordingly of the urban block as it was considered in each period
(as it has already been elaborated on in chapter 6). The first focus area — urban block A — is chosen as one of
the examples of urban blocks in order to show how the analysis, patterns implementation and design works, so
as a guideline to the methodological approach of urban blocks. The second focus area is the fower square and
is chosen in order to show how a high-rise building could be treated. This focus area is more complicated due to
the difficulty of protecting high-rise buildings as well as the increased attention that needs to be given in designing
the space around them. Finally, the third focus area consists of a different process and result. The previous two
address the urban scale through either their repetition or distinct role. 7he third focus area adaresses directly
the neighbourhood scale since it examines upcaled design patterns or it upscales existing patterns. The analysis
needed for the design, focuses apart from wind and solar also in land uses, accesibility, points of concentration, etc.

The first stage of the analysis, however, concerns for each focus area its urban morphological qualities that affect
the energy use and its potential for energy production. This happens by 4 /ayers of analysis maps that later on are
overlayed for the final pattern implementation. £ach layer is connected with a specific quarter of the Matrix — as
it can be seen in the diagrammatic Matrix below — and with specific Design patterns. In this way it becomes easier
for the designer to understand which locations, surfaces and parameters such as wind direction or solar orientation,
need to be taken into consideration on each layer analysis map. This will be further elaborated on each layer analysis
map. At this point it needs to be notified that even though each layer is linked with a number of Design patterns,
that does not mean that each focus area can be described by all Design patterns of each layer. For the energy use
Design patterns it depends on the climatic conditions. For instance, Design pattern B is related to the tunnel effect
which appears only when the wind direction is in parallel to the long axis of the building or open space. As for the
energy production, which Design patterns are relevant to each focus area depends on the types of 'location’ within
the area. For instance, when there are no high-rise buildings in a focus area design pattern E is irrelevant.

WIND SOLAR

wind's influence 9 solar exposure and
on energy use passive heating
SURFACES/MORPHOLOGY SURFACES/MORPHOLOGY
g 5/ w3
= N
&
o LOCATION LOCATION
= residential buildings residential buildings
DESIGN PATTERNS DESIGN PATTERNS
AB C
wind energy generation solar energy generation
3. potential 4. potential
Z SURFACES/MORPHOLOGY SURFACES/MORPHOLOGY
=
= AN R [N R A
% LOCATION LOCATION
o
Ll
2 OEs) MO wAES)

DESIGN PATTERNS DESIGN PATTERNS
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8.3.1. URBAN BLOCK A

There are 4 layers of analysis maps needed:

e wind's influence on energy use — Design Pattern A

potential for wind energy generation — Design Pattern D & F
solar exposure and passive heating — Design Pattern C
potential for solar energy generation — Design Pattern D & F

In the analysis maps related to energy generation, public spaces
are also taken into account. For wind related analysis the direction
of the wind and the principles defined by Oke are used in order to
ideitify which areas, surfaces are exposed to wind. All solar related
maps are made via Google Sketchup and use solar insolation that
uses the specific location and time zone, and as a date the 271st
of December (winter solstice).

To each layer analysis map patterns are applied without looking in
parallel the other layers and in the end when all layers of pattern
maps are reasy they will be overlaid. At the next stage is when
synergies and contradictions appear and compromises need to
be made. At this stage it is desireable for each layer to offer
as many possible design subpatterns in order to have more
possibilities for compromises after the overlay of the layers.

= wind's influence on enerqy use:
Design Pattern A

The wind's influence on energy use represents the 1st of the four
quarters of the matrix (see opposite page) and design patterns A
and B provide with sollutions to the negative influence. In the case
of urban block A, design pattern B is irrelevant since we can see
that the direction of the prevailing wind is not parallel to the long
axis of the buildings or open spaces.

Firstly, when starting the layer analysis mapping for each layer
we need to know where the analysis happens. As shown in
the diagrammatic matrix (see opposite page) for this layer the
analysis focusses on facades (surfaces) of residential buidings

(location). In order to identify which facades are exposed and

need to be protected firstly the prevailing wind direction needs to

be placed. Then two things are taken into account:

e H/W ratio; in the matrix this ratio is considered to show
optimum for a value between 0.6 and 2. However in this
project the openess of modernism is considered valuable
to be completely destroyed. Therefore values above 0.3 —
which is mostly the case for mid-rise buildings within a stamp
— are being protected with low density barriers (rows of trees
or green walls). Below this value, high density barriers are
used in order to restore the H/W ratio.
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Post-war neighbourhoods e vegetation; even though protection from deciduous trees is

- by”tﬁgvggfggnbgfyk& oderism) considered low it needs to be taken into account for the

analysis.

So when the vegetation is sufficient (evergreen and dense, not
just a row of trees) or the H/W ratio between two buildings (wind
direction taken into account for calcualtion of H/W) is higher than
0.3 then the subsequent building's facade is under wind shadow,
which means it is protected. The pattern implementation, based
on the aforementioned analysis, takes place in the stamp of the
urban block and in the first zone that connects two stamps
(since the structure and distance might be different). Then the
implementation on the rest of the stamps of the block is implicit.

Finally there is another aspect that needs to be taken into
consideration. The urban block based on its modernistic
definition — which has already been explained in chapter 6 —is
spatially defined by interconnected streets. This characteristic in
terms of wind protection, means that the first buildings of the
block are more exposed to the wind than the subsequent ones.
For that reason they fristly need to be better protected themselves
and also the denser the protection of this first zone the more
protected the subsequent buildings are. This area constitutes the
1st defense zone and high density barriers are required.

WIND'S INFLUENCE ON ENERGY USE - DESIGN PATTERN A

@psﬁm @ pZ@/
.. ® = Y _

Z; EEE facades exposed to prevailing wind
AL P
: D 1st defense zone
T p21 n . } W
1st defense zone: high density barriers needed . S spcs ortenerton

A. FACADES EXPOSED T0 PREVAILING WINTER WIND

Problem statement
Sides of building exposed to wind during winter have as a result significant loss of buildings' heat especially in the case of the
poorly insulated post-war buildings. No or insufficient (deciduous) protection from vegetation is a common reason for exposure

to wind. Also low H/W ratio for parallel rows results in wind's acceleration regaining. Meanwhile, parallel linear blocks with large
open spaces inbetween them are common in dutch post-war neighbourhoods. Therefore high density barriers should be placed
in the presence of main flow (full speed). Low density barriers are more appropriate in cases of wake interference or lee eddys.
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= _potential areas for wind enerqy generation:
Design Pattern D & F

Similarly to the 'wind's influence on energy use' layer, the first step
is to mark the direction of the prevailing wind. The next step is to
locate where the potential areas should be found. The particular
layer belongs to the 3rd of the four quarters of the matrix (see p.
136), but all the surfaces and locations are not to be found in all
urban blocks. Urban block A in particular has no high-rise or non-
residential buildings. Therefore the design patterns used are only
the D and F which are related to mid-rise residential buildings and
public spaces. So the after finding the related design patterns the
surfaces are easy to determine: roofs and public spaces.

POTENTIAL AREAS FOR WIND ENERGY GENERATION - DESIGN PATTERN D & F

. roofs: potential for wind energy generation

. public space: potential for wind energy generation

. main parking areas: potential for wind energy generation

D.  UNUSED AND ENERGY-LACKING ROOFTOPS OF RESIDENTIAL BUILDINGS

Problem statement

Rooftops on residential buildings are under- or unused. In mid-rise buildings a combination of energy production and active use
by residents is both desireable and possible. The height of mid-rise buildings shows lower wind speeds which means, on the
hand specific technologies can only be productive, on the other hand they can be actively used by residents. Elements such
as orientation, position, visual impact and combination with other uses, need to be taken into account for design decisions.

F UNDERUSED AND ENERGY-LACKING PUBLIC SPAGES

Problem statement

The result of openess and zoning has been an abundance of public spaces for green or activities but are currently largely
underused. These large and undefined spaces have the potential with the implementaion of various innovative technologies
to be revitalized while contributing in lowering energy demand of buildings or more importantly in energy production.




OVERLAPPING IMAGES OF SHADOW FROM 11:40 TO 13:40 (ONE IMAGE EVERY HOUR). IN THIS CASE THE
21ST OF DECEMBER IS TAKEN INTO CONSIDERATION (WINTER SOLSTICE).

DOD

p26 p24 p25

. minimum passive heating (from east side):
unilateral building’s blind wall

medium passive heating (from east side): ®

bilateral building's back facade p26

|:| 3d space of intervention

C.  LACK OF PASSIVE HEATING

Problem statement
The optimum orientation of living spaces is facing south for solar passive heating. Indeed in some of the post war buildings the
entrance is north so that living spaces can freely face the south. However it is also common for a 'stamp' to consist of different —

often perpendicular to each other — orientated buildings. Therefore some buildings face E-W which is disadvantageous both for
winter and summer moths. Therefore, where possible glazed spaces should be created to maximize passive heating during winter
months and at the same time provide for cooling opportunities during summer. Where not possible or desireable, the possibility is
given for infill development since there is already no solar exposure and densification is considered desireable.
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- Ssolar exposure and passive heating.
Design Pattern C

Passive heating belongs to the 2nd quarter of the Matrix and
it is described by Design pattern C. The location is residential
buildings and the surfaces that need to be looked into are the
facades and the blind walls. In the case of solar exposure during
winter — as it has already been explained in chapter 5 — two sides
are taken into consideration: the south and the east. Another
important parameter is the building envelope — as it can be found
both in the Matrix on the building scale and at the beginning of
the current chapter in the local conditions. In the case of urban
block A there are two types of buildings: unilateral and bilateral.
The unilateral buildings have the worst orientation since the
facade faces the west and the blind wall faces the east which
offers minimum passive heating potential but it has the potential
with the use of either the atrium or the sunroom pattern to receive
passive heating via conduction. The bilateral buildings have more
potential for passive heating but because of the 4 entrances and
utilities vertical zones (elevators and stairs), it is still characterized
as medium.

- potential areas for solar enerqy generation:.

Design Pattern D & F

The solar energy potential constitutes the 4th quarter of the
Matrix and it is described by Design patterns D & F. Two different
analysis maps are used fore this layer in order to make the pattern
implementation easier. The reason for that division is that Design
pattern F has to do with public spaces which in the case of solar
access it is easier to indentify the areas with solar access on a
planar view (see p. 142) rather than an axonometric view. Design
pattern D describes residential buildings and the surface that the
sub-patterns will be implemented are the roofs (see opposite

page).

POTENTIAL FOR SOLAR ENERGY GENERATION: ROOFTOPS WITH SOLAR ACCESS - DESIGN PATTERN D

roofs: potential for solare energy generation

D.  UNUSED AND ENERGY-LACKING ROOFTOPS OF RESIDENTIAL BUILDINGS

Problem statement

Rooftops on residential buildings are under- or unused. In mid-rise buildings a combination of energy production and active use @

hand specific technologies can only be productive, on the other hand they can be actively used by residents. Elements such

by residents is both desireable and possible. The height of mid-rise buildings shows lower wind speeds which means, on the \%ﬁ
N

as orientation, position, visual impact and combination with other uses, need to be taken into account for design decisions.
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POTENTIAL FOR SOLAR ENERGY GENERATION: PUBLIC SPACES WITH SOLAR ACCESS —
DESIGN PATTERN F

T
\\\\\\\\\\\\\\\\\\\\\\\\\

public space: potential for solar energy generation

D main parking area: potential for solar energy generation

F UNDERUSED AND ENERGY-LACKING PUBLIG SPAGES

Problem statement ‘

The result of openess and zoning has been an abundance of public spaces for green or activities but are currently largely
underused. These large and undefined spaces have the potential with the implementaion of various innovative technologies N

to be revitalized while contributing in lowering energy demand of buildings or more importantly in energy production. ////
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DENSIFICATION: STRATEGIC POINTS IN THE NEIGHBOURHOOD

After the first implementation of the design subpatterns and the overlay of layer
pattern maps, another aspect is examined. Since some of the subpatterns concern
densification, apart from the possibilities of each urban block the neighbourhood
as a whole ought to be examined. Namely based on metro stations, commercial
or service centres, we can determine the urban blocks that are better located for
densification. |

In particular, Urban Block A is adjacent to the metro station Meijersplein, and it
also located close to a core of services (medical centre, library, school) and some
shops. Therefore after deciding on the design subpatterns of the block for all
layers, | reviewed the space in order to try to deinsify more than I had initially.
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From the layer analysis mapping towards the final sub-pattern implementation
and the final design of the urban block, there is a process of decision-making
that takes place which will be explained through the current example. By
overlaying the different layers a spatial competition occurs between different
patterns. Some of the sub-patterns can form synergies and can be applied
together. However many sub-patterns form conflicts not only spacially but
also in terms of contradicting effects. As it can be seen in the diagram (top
of opposite page), if for instance a dendification sub-pattern is applied at the
same time with a solar 'fabric' on public space there is a significant risk for
the solar fabric' to be unproductive due to the shadow of the new building.
Therefore for the final implementation attention should be given firstly to the
efficacy of each subpattern and there might be a need to revisit the analysis or
even the design patterns catalogue — or the comparative tables according to
the pattern group that they belong,

After these kinds of conflicts are resolved there is still the conflict of space,
since more than one subpatterns can be located in the same space. To resolve
these conflicts decisions must be taken from the designer which can be of
different nature, these can vary depending on different factors. Two of them are
definitely part of all such decisions: engineering and design. An element that
they share is the scale which, depending on which space the specific design
might apply to, might entail different parameters to take into consideration for
each scale.

Engineering decisions concern which of the possible sub-patterns are the
most needed or the most appropriate for the space at hand. For instance
in the current example and as the drawing shows (opposite page) in the
western part of the zoom-in area there can be either a densification pattern
or urban forrest combined with VAWTS. In both cases a high density barrier
for the southwestern wind would be created. However the urban forest was
considered more desireable firstly due to the ability to be extended towards the
southeastern part of the neighbourhood. This was desireable because from
that side the railway and highway create a gap that alllows for the wind to gain
full speed. Therefore the forest serves as a shield for the entire neighbourhood.
Furthermore its combination with an accompanied wind energy generation
corridor (VAWTS) creates an energy productive urban landscape.

Design decisions are based on the spatial exploration of the zoom-in area
or — depending on the role of the area in the wider neighbourhood — of the
effect on the urban scale. The spatial exploration is pursued as in any design
process through plans, sections or any other means of representation that
aids the designer. In the following pages (p. 148-149) the design process for
Urban Block A is exhibited as it was carried out by the author.

Finally, there are also other kinds of decisions that might be needed. For
instance in the current example for the parking area there were two possibilities
for solar energy generation: PV panels or solar ‘fabric'. This decision was
taken in reference to the local social conditions. Namely due to the financial
and social issues of Schiebroek Zuid, the solar fabric' is a more sensible
choice because of 1t is easier and cheaper to replace in case of vandalism,
for instance.
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DESIGN PHASE

After all the layer aanalysis maps finished, | overlaid them in
order o see synergies and contradictions. At this point it needs
to be noted that contradictions do not only concern spatial
competetion of different design patterns. Another extremely
important element that needs to be kept in mind and thoroughly
studied, is the consequences of each design subpattern on other
design subpatterns. For instance, in a public space you might
have placed solar fabric that based on the shadow map of the
existing residential building it has plenty of solar access. If, though,

western or eastern than this space there is also a densfication
* pattern applied and therefore a new building, the result might be
‘that the solar fabric will be now located in shadow.

Therefore this process has the function of a loop. It is necessary
to apply the patterns, then check the result and then probably
go back to the layer pattern maps and choose another pattern
to apply. Even when the conclusion map of design patterns in
the block is finished, when zooming in to design the space from
users' perspective changes still might be necessary.
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IMPACT ON THE URBAN SCALE The subpatterns used in some cases can be upscaled as in the
example of Pattern A where the subpattern of urban forrest grows

beyond the block. In some other cases, and based on the urban
block typology (see 8.2), some of the patterns can be copied
in different blocks with similar stamps. Depending on the level
of parameters and analysis each design pattern requires it can
be easier or harder to extrat patterns from the studied urban

By mapping the design subpatterns used in Urban Block A
separately for each design pattern, the impact on the urban scale
needs to be shown. Two examples are being exhibited here, the
urban impact of Design patterns A and D.

A. FACADES EXPOSED TO PREVAILING WINTER WIND

Problem statement
Sides of building exposed to wind during winter have as a result significant loss of buildings' heat especially in the case of the
poorly insulated post-war buildings. No or insufficient (deciduous) protection from vegetation is a common reason for exposure

to wind. Also low H/W ratio for parallel rows results in wind's acceleration regaining. Meanwhile, parallel linear blocks with large
open spaces inbetween them are common in dutch post-war neighbourhoods. Therefore high density barriers should be placed
in the presence of main flow (full speed). Low density barriers are more appropriate in cases of wake interference or lee eddys. W
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that might complicate application for Pattern A, does not affect

block to another one. For instance when it comes to Pattern
rooftops.

A the surroundings as well as the urban morphology specifics
(e.g. order and height of buildings in combination) make it harder
and more arbitrary to apply subpatterns from one urban block
to another. On the contrary in the case of Pattern C it is easier
to extract subpatterns from one urban block and apply them to
another. The reason is that, for example, the skimming effect

UNUSED AND ENERGY-LACKING ROOFTOPS OF RESIDENTIAL BUILDINGS

D.
Problem statement @

Rooftops on residential buildings are under- or unused. In mid-rise buildings a combination of energy production and active use

by residents is both desireable and possible. The height of mid-rise buildings shows lower wind speeds which means, onthe
hand specific technologies can only be productive, on the other hand they can be actively used by residents. Elements such %[

as orientation, position, visual impact and combination with other uses, need to be taken into account for design decisions.
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Late post-war neighbourhoods

urban block unit
(influenced by Le Corbusier)

8.3.2. TOWER SQUARE

This area consists of a high-rise building bock and a square
and it can be defined as an urban block based on the ideas of
modernists (and especially Le Corbusier) and the late period of
post-war neighbourhoods (for more details see chapter 6). The
height of the building along with the square in front of it and with
the fact that the wind comes from the street to the open space
of the square and then to the building, makes this focus area
different than urban block A. Therefore only 2 layers of analysis
maps will be used for pattern implementation for reasons that wil
be further explained:

e wind's influence on energy use — Design Pattern A

e potential for wind energy generation — Design Pattern D & F

= wind's influence on enerqy use:
Design Pattern A

The height of the building makes it more difficult to provide a high
density barrier, since for instance an urban forest of evergreen
trees can only protect the lower floors. Meanwhile a green wall is
not sufficient to prevent the full wind effect, which is strengthened
by the opens space of the square and the street. Furthermore,
in reference to passive heating from sun, the buiding is
disadvantegousely oriented since its facade is facing west.

Therefore in order to protect the facade from wind, a high-rise
and high-density barrier needs to be placed in the open space
in front of the building. By looking into the Design pattern A —
which describes the problem — and the according sub-patterns
it becomes clear that sub-pattern 19, 'P19_compact form',
can address this issue effectively. Five towers of compact form
are placed as wind barriers, in a formation that allows for solar
access from the southeast and blocks the prevailing wind from
the southwest. This becomes possible by placing the towers in
offset from each other on the southwest axis and bridging them
with green walls in the form of vertical gardens that also function
as corridors,

The choice of infill development as a wind barrier is also made
by taking into consideration whether the site is appropriate
for densification. The square in front of the high-rise building
is adjacent to the central street of the neighbourhood where
the tram and bus pass. It is also in close proximity to a small
service core with a medical centre, a school and a library. It is
also within walking distance from the metro station Meijersplein.
It is therefore an appropriate area for densification. Furthermore
exactly because of the significance of the square as an important
juncture, the towers create a compact densification model that
offers the necessary space for the square to maintain and enrich
its function.



WIND'S INFLUENCE ON ENERGY USE - DESIGN PATTERN A

Z.

A.  FACADES EXPOSED TO PREVAILING WINTER WIND

Problem statement
Sides of building exposed to wind during winter have as a result significant loss of buildings' heat especially in the case of the

poorly insulated post-war buildings. No or insufficient (deciduous) protection from vegetation is a common reason for exposure
to wind. Also low H/W ratio for parallel rows results in wind's acceleration regaining. Meanwhile, parallel linear blocks with large
open spaces inbetween them are common in dutch post-war neighbourhoods. Therefore high density barriers should be placed
in the presence of main flow (full speed). Low density barriers are more appropriate in cases of wake interference or lee eddys. W

DESIGN PATTERN A — SUB-PATTERN 19 IMPLEMENTATION

B r19 coveact Form

=)

Description
Compact form — aka structure with minimum exterior surface and a roofplan analogy (width

to length) of 1: 1.1-1.3 elongated on E-W axis — can sustain its inner heat better and if the
width or legth remains under 10m it is easily heated. Therefore, and given current insulation
systems and the incorporation of green walls, a line of compact towers can provide shelter
for post-war high-rise buildings.
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ReGen village vertical farming system (EFFEKT Urban Farm at Pasona Tokyo Headquarters is a nine
Architects) story high corporate office building (KONODESIGNS)
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the formation of the towers in front of the post-war
high-rise building; they are spaced in such a way that it is
possible for at least some solar access on the south side
and, along with the vertical gardens that unite them, so
they can block the wind.

- potential areas for wind enerqy generation.

Design Pattern D & F

The layer analysis map of wind protection and wind energy
generation showed that — due to the direction of the wind — the
heat losses are significant and need to be addressed but also the
potential for energy production is quite high. Due to the prevailing
problem of the wind protection of the high-rise building the sub-
pattern implementation clearly starts from the 'P19_Compact
form' sub-pattern and then the towers created were taken into
consideration for the rest of the layer analysis maps. Due to the
height of the new towers the layer analysis map of 'Potential for
solar generation' shows that the public space around the towers
doesn't have enough sun during peak sun hours. This affects the
possibilities for energy generation in the square and it is therefore
prefered to have wind energy generation.

L

Sw —NE

| 'ﬁf@"f“\ . 9\”&5‘

each tower has ditferent surfaces depending on the orientation; the SW and the NW have green walls so they can protect from wind as well as sun
during the summer months and the SE side has glass in order to provide with as much solar heating as possible.
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POTENTIAL FOR WIND ENERGY GENERATION - DESIGN PATTERN E

E. UNUSED AND ENERGY-LACKING HIGH-RISE BUILDINGS' SURFACES

Problem statement @
In many post-war neighbourhoods there is a significant number of high rise buildings. The wind speeds at

these heights are higher and unblocked by surrounding buildings, the same applies for sun on the higher W @ﬂmﬂ é%ﬁ
floors.

POTENTIAL FOR SOLAR ENEGY
GENERATION IN PUBLIC SPACE —
DESIGN PATTERN F

overlapping images of shadow from 11:40 to
13:40 (one image every hour). In this case the
21st of December is taken into consideration
(winter solstice).

F UNDERUSED AND ENERGY-LACKING PUBLIC SPAGES

Problem statement
The result of openess and zoning has been an abundance of public spaces for green or activities but are currently largely
underused. These large and undefined spaces have the potential with the implementaion of various innovative technologies N

to be revitalized while contributing in lowering energy demand of buildings or more importantly in energy production. ////

7

159



160



DESIGN PHASE

In the case of the tower square, and because of new high-rise
buildings are placed, exira attention needed to be paid also in
reference to the design of the area. Through plans and sections,
the relationship between the new towers, the adjacent public space
that is being redisigned with the addition of sub-patterns and the
street, is being explored. One of the key elements of the square
in its existing situation is the strong presence of green, trees,
bushes and grass. Therefore — as it is also visible in the section —
attention has been paid in the greening of the new public space,
and not just for energy use reasons. Another element that was
taken into account was the limited amount of sunlight in public
spaces (see 'Potential for solar enegy generation in public space’
layer map, p. 153) . So in the few areas that have solar access,
the trees need to be deciduous and mostly from the west side so
that in the winter people can enjoy some sunlight.
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8.3.3. URBAN SCALE

The third focus area consists of a different process and result. The previous two address the urban scale through either their repetition or
distinct role. The third focus area it addresses the urban scale directly since it examines upcaled design patterns or it upscales existing
patterns. The analysis needed for the design, focuses apart from wind and solar also in land uses, accesibility, points of concentration, etc.

The first part is to analyze solar access and wind exposure in order to locate the areas of potential for solar and wind energy generation
accordingly. The second part is to identify the structure and use of different spaces in the neighbourhood in order to provide with energy
productive solutions that can also have an added value for users. Added value in terms of activities but also new urban landscapes with
a certain aesthetic value. Purpose of this kind of design solutions is mainly to educate and motivate people towards the energy transition.
For this reason most of the upscaled subpatterns that are applied are not to provide the houses with energy but to provide energy to the
activites that take place in/around/under them.

The shadow map (below) is showing the shade at 11:40 (noon). Some of the vast unshadowed areas are areas with green and canals are
not taken into account. Appart from those, the most solar access can be found in the two main S-N streets of the neighbourhood. The wind
map (opposite page) shows as a general observation that the spaces and streets expanding from SW to SE exhibit the most exposure to
wind
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F UNDERUSED AND ENERGY-LACKING PUBLIC SPAGES

Problem statement
The result of openess and zoning has been an abundance of public spaces for green or activities but are currently largely

underused. These large and undefined spaces have the potential with the implementaion of various innovative technologies
to be revitalized while contributing in lowering energy demand of buildings or more importantly in energy production.
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INSIGHT TO THE DESIGN METHOD

O
E= Pdt

P=1aCppAV wuus) P=681.7 wernssy Ex59MIday «- D)

P is power

Cp is the power coefficient,

p s air density,

A'is the swept area of the turbine,
v is the wind speed

1 day=8,640 s
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F UNDERUSED AND ENERGY-LACKING PUBLIC SPACES
The result of openess and zoning has been an abundance of public spaces for green or activities but are currently largely

Problem statement
underused. These large and undefined spaces have the potential with the implementaion of various innovative technologies
to be revitalized while contributing in lowering energy demand of buildings or more importantly in energy production.
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NON-RESIDENTIAL BUILDING OR 'OPEN’ SPACES THAT CAN BE USED FOR ENERGY PRODUCTION

| educational facilities 1M flat roof
[ religious institutions Z gabled or pyramidal
[ other public facilities 8 vaulted

' commercial %o open air (no roof)

- Open spaces

=% open spaces {block scale)
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SOME EXAMPLES
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G.  SMALL OR UNPRODUCTIVE RESIDENTIAL ROOFTOPS

Problem statement
Rooftops on residential buildings can often be too small to produce enough energy or the circumastances might be

unfavourable, such as shadow on single-family houses from blocks of flats. Public or commercial buildings located usually
in the centre or orderly in relation to houses, usually have large rooftops appropriate for large installations of PV panels.
Their location in relation to houses can serve well in connecting the houses to this more central installations.
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E. UNUSED AND ENERGY-LACKING HIGH-RISE BUILDINGS' SURFACES

Problem statement
In many post-war neighbourhoods there is a significant number of high rise buildings. The wind speeds at
these heights are higher and unblocked by surrounding buildings, the same applies for sun on the higher
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8.4.3. IMPACT ON THE URBAN SCALE
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9.1. DESIGN METHOD

Urban block A

solar or wind Layer Analysis Map
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9.2. DESIGN METHOD AND CONCLUSION

The design method is at the same time the conclusion of the whole graduation project and the final goal.
The reason for this twofold role is the fact that, firstly, it recaps the steps taken and it graphically illustrates
the role each of them had as well as how it connects to the rest. Also by looking through the project
and then at the design method it becomes clear that there are indeed steps that cannot be clear in the
method. For instance the first part of the design method that concerns one layer analysis map entails
an analysis based on the Matrix and then an application of all possible solutions based on the Design
patterns. When it comes to overlaying all layer analysis maps, though, it gets more complicated because it
involves conflicts and therefore decisions of different natures — engineering, design, social, etc. Therefore
itis evident that the Matrix as well as the Design patterns can be used as the guiding framework but when
it comes to final decisions and even more to the final design, it is the role of the designer to explore the
space, the solutions, the social background etc. before designing. To this direction the Case study is the
neccessary example to show this more fluid process and the extra parameters that might appear and
need to be taken into consideration.

The second role of the design method is responding to the original goal of creating a list of steps that
could contribute in climate-responsive and energy-active urban design. Even though there are steps
that cannot be given, the overal process shows to a designer: how the Matrix should be used to do the
analysis needed to apply the Design patterns; how to navigate through the equivalent design sub-patterns
by making use of the comparative table that gives you concentrated and extra information; how and
in which point to take densification into consideration. So in this way it makes climate-responsive and
energy-active urban design more tangible, since the designer knows which elements to address, how to
do so and in which parts there is a need for all those extra parameters — that are always part of urban
design — to be taken into consideration.

Finally, another conclusion is important to be highlighted in reference to all the individual parts. The design
method is not made to trap them in a strict process. They still constitute individual products which in
the case of the Matrix and the Design patterns they can be used independently. Especially the Matrix,
provides with an optimum form that any other form, not just post-war neighbourhoods can be compared
in order to become more climate-responsive and energy-productive. However, it should not be forgotten
that — as described in the Matrx chapter — the optimum is directly linked to the dutch climate. Therefore
if it is 10 be used for another climate the parameters of urban morphology can still be taken from the
Matrix but different values will apply. Even more conditional are the Design patterns because they take into
consideration the morphological qualities of dutch post-war neighbourhoods. Nevertheless it is possible
that a different type of area could have similar qualities. In order to discover this, the problem statement
of each design pattern needs to be thoroughly studied.
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10.1. PERSPECTIVES OF REALIZATION

Overall, this thesis focuses on bridging the engineering and design gap by translating engineering solutions
and renewable technologies not just in spatial qualities but also in design values. The case study has been
an effort to show how this could be approached in a post-war neighbourhood. However all this process
has been mostly viewed from the perspective of the designer. Indeed all the steps of the process as well
as the final design method are meant to be handed to designers as a guide towards the urban energy
transition. The realization part, though has not been explicitly addressed in the project. One of the most
important realization factors for an urban project like this are the actors involved.

FIGUUR: SELECTIEVE MIGRATIE ROTTERDAM 2003
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The role of the various actors will be seen from the perspective
of municipality visions (documents on Schiebroek Zuid and
Rotterdam), interviews held by me with people involved in the
subject from different posts and on the social profile of Schiebroek
Zuid. The actors examined are:

e the municipality of Rotterdam

housing associations

local energy initiatives

residents of Schiebroek Zuid

The municiplaity of Rotterdam is interested in two things that
could potentially make them an ally for this kind of project. Firstly,
it is facing the pressing issue of selective migration out of the
city. Namely, many young educated people that have studied in
Rotterdam and have found their first job there, when they decide
to have a family they choose to leave from Rotterdam. The reason
for this selective migration is a shortage in quality houses for
families within the city. This phenomenon is negative for the city
since these educated and higher income social groups can work
in benefit of the 'roltrapfunctie’ (gemeente Rotterdam, 2007).
This is a social mechanism that improves the social status of the
whole city, since it works as a "draging"” force for the lower social
and income groups. It is therefore the desire of the municipality
to create quality houses appropriate for young families and the
according urban environment, Schiebroek Zuid as a post-war
neighbourhood could be densified in order to welcome young
families and additionally, it seems to have a sufficient number of
schools for primary and higher general continued education (the
three maps of this and the opposite page).

Secondly, the municipality has exhibited a clear direction towards
sustainability on all levels. Specifically, by 2025 Rotterdam wants
to have sustainable electricity with energy from wind, solar and
biomass (Gemeente Rotterdam, 2007).
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Indeed there are ways to provide with an energy efficient housing
stock without neither demoliting the existing post-war buildings
nor insulating them highly which skyrockets the expenses. Urban
morphology and designing for a synergy between newlly built
highly efficient buildings and post-war buildings — as part of the
densification that has been pursued throughout the project — can
protect buildings from climatic related energy losses. Therefore
this project replies both to the emotional needs of people to
remain in their homes, as well as the sustainability goals of housing
associations which stem from the municipality and beyond.

However since the mid 90s that housing associations hecame
independent (ICOMOS, 2003) most post-war neighbourhoods,
such as Schiebroek Zuid, belong to them while some houses are
privately owned. This complex ownership status makes the role of
individual actors less clear and therefore actions are less possible
to take place. In the case of Schiebroek — statistics show the
bigger area of Schiebroek, not just the Zuid — 50% of property
belongs to housing associations. The data does not allow certain
conclusions about the ownership percentages of Schiebroek
Zuid, however the number of visions from housing corporations
on the neighbourhood shows that social housing isa substantial
part of the overall housing. Indeed plans and visions have been
made, especially from Vestia for the area. The main focus of these
visions are: new higher quality residences and sustainability. As it
is visible in their visions, housing associations prefer to demolish
existing buildings and erect new ones — especially since this is
part of national policy for post-war residential areas (Priemus,
2006). In contradiction to that, tenants commonly insist on
maintenance of their houses instead of demolition.

In reference to sustainable energy, housing associations are
facing certain issues due to lack of insulation. Poor insulation
means huge amounts of money in order to renovate and add
insulation to post-war buildings. Therefore what associations
try to do is to connect their residential areas to district heating
systems. However district heating is not (yet) available everywhere
and the cost of connecting its residence to it is stil quite high
(Schrederhof, 2018). So according to two interviews | had with
Karin Schrederhof (Woonbron) and Paul Broekhuisen (urban
designer in the municipality of Rotterdam), housing associations
are therefore looking for solutions that could help lower the
energy bill without having to heavily insulate old buildings. In the
words of Karin Schrederhof *(...) if there are solutions that have a
relation with our housing 1 think you have a partner in the housing
association." This kind of logic could perhaps make housing
associations interested in applying design solutions related to
densification as well as energy use and production when it comes
to te residential buildings. Indeed there are ways to provide with
an energy efficient housing stock without neither demoliting
the existing post-war buildings nor insulating them highly which
skyrockets the expenses. Urban morphology and designing for
a synergy between newlly built highly efficient buildings and
post-war buildings — as part of the densification that has been

"I think how better the Iaeas are, how more able we are to change the system
of the nets in Holland. If you have good solutions maybe we think about another

system. "

Karin Schrederhof, Woonbron (2018)
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pursued throughout the project — can protect buildings from
climatic related energy losses. Therefore this project replies both
to the emotional needs of people to remain in their homes, as
well as the sustainability goals — the energy related of course — of
housing associations which essentially stem from the municipality
and beyond.

Local energy initiatives are currently collaborating only with
house owners that can invest in sustainable energy, so higher
income groups. People of lower income and people on rental
they are not interested in generating sustainable energy because
they don't have the initial capital to invest (Schrederhof, 2018;
Bogjinga, 2018). So even though, post-war neighbourhoods
heve a significant number of non-residential buildings that could
be used for installation of solar panels with the help of energy
initiatives, it might not be feasible. Inhabitants of many of the post-
war neighbourhoods are of low income so they probably wouldn't
have enough capital to invest. It is my personal belief that energy
initiatives show great potential not only in assisting people to
lower their energy bills but also in contributing to a decentralized
sustainable energy network. Nevertheless it seems that in the
case of rented social houses in post-war neighbourhoods with
low income population there is no fertile ground in the current
phase for local energy initiatives to actively contribute.

Finally, local residents as aforementioned they couldn't probably
invest in any of these design solutions. But, as it is also suggested
in literature (Sijmons et al., 2014; Janda, 2011), my personal
belief is that users' engagement is of crucial importance for the
transition to sustainable energy. Therefore in this project it is
attempted to view public energy generation solutions as a type
of sustainable energy pedagogy (ENORME STUDIO, 2018). Most
of the public space design solutions are, as aforementioned,
not meant to provide the houses with energy but to provide
various public activities — cafes, repair cafes, community centres,
markets, play spaces, etc. — with the energy they need. In this
way it is hoped that the sharing of these spaces and the visibility
of renewable technologies can stimulate people to care about the
source and use of energy in their lives. There is however growing
concern that this kind of interventions in a neighbourhood with
many financial and social issues will not be welcomed. In particular
in an interview with Rolf Bleeker (Schiebroek wijkmanager), it was
clearly stated that interventions such as energy producing urban
furniture could face vandalism. Therefore there has been an
effort for cheaper and easily replaceable technologies (such as
solar fabric or the low-cost vertical wind turbine) but there is no
answer as to hoe actions like these would be actually perceived.
In conclusion residents in this case is not an actor that could be
held as main players in this kind of project.
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10.2. PERSONAL REFLECTION

The graduation project is a process that seems lke a walk
through the fog, even though you might start with a clear idea
of where you are and where you want to go, the things that will
unexpectedly appear on your way will eventually change it. And
even the destination in the end will not be the same as this first
image that made you set out towards it. This allegory describes
briefly my personal experience through this project.

The starting point was the idea of a design language that would
manage to incorporate renewable technologies in cities, in a
way that they could both contribute to the energy ftransition but
also a new urban landscape would be formed. This new urban
landscape would spatially embrace renewables — in contrast to
what has been happening so far — which could happen with the
help of designers both to create aesthetic value to technologies
as well as the added value of giving them a role in the city and
making it possible for people to use them and accept them. This
idea didn’t cease to be a significant part of my final destination
but by delving deeper into the subject of the energy transition,
new aspects were revealed. Energy systems in my understanding
until then had to do with technical possibilities and infrastructure,
getting acquainted with notions such as fossil dependency,
invisible energy, carbon lock-in and energy equity, changed my
perception of the energy transition. This, for me, was a desirable
and necessary change that didn't stop me from moving towards
my destination but made the final result more grounded to reality
and more multifaceted.

Processing the information and complexity of energy systems
and their transitions has been the hardest part of this project.
The ideas about the connection of energy to financial and
social justice, to the form of the city, to people’s lifestyles, etc.
created a troublesome but wonderful journey that added depth
and value to my actions and design. After overcoming the
chaos that some of the vaguest or the most theoretical notions
created, this framework helped me understand the roots of the
fossil dependency and the areas of action, as well as how to
start dealing with them. The effort to ground those notions to
urban design led me to trace the spatial manifestations of the
fossil dependency within the city which then led me to one of the
pillars of this project: post-war neighbourhoods and the need for
their densification. The second part of this grounding effort has
been 1o locate within theories the reasons that led to this lock-in
state. The search for reasons actually led me to understand not
only what the factors were but also to what | should address with
my project. The new, much more specified, notions that came
out of this process — climate and energy use and production,
post-war neighbournoods and densification — were based on an
in-depth study of energy systems but also an intuitive approach
that became more organized and conscious through time.

After having fitting the different notions into different parts of
the process and figuring out the method in which they would
come to bind, came a period of concentrated knowledge that
has been perhaps the most interesting for me. Learning about

different climates and how they affected the form of human
settlements and cities before fossil as well as the physics behind
the behaviour of wind and how the designer can influence its
behaviour with the structure of space and built form, has been
inspiring for me. The first moment of excitement for the success
of the method came after | had gained a good understanding of
the optimum morphological qualities in relation to climate, and
| started studying modernism and post-war neighbourhoods.
The comparison that first happened in my head while reading
and then became specific when the design patterns and sub-
patterns were designed, made me realise that intervention is
indeed needed and could improve the existing situation without
demolitions needed. The second most exciting moment was
when the application of the patterns on Schiebroek Zuid came.
Firstly, because the morphological qualities of dutch post-war
neighbourhoods actually applied in the specific neighbourhood.
Secondly, because by the application the Matrix, the Typology of
dutch post-war neighbourhoods and the Design Patterns — the
3 pillars of the project — fell in place and the links between them
became much clearer.

The expected destination of the project has been since the very
beginning to create a method for designers that — based on the
knowledge | gained through the process — would guide them
in applying urban design solutions towards conservation and
generation of energy in relation to climate. This can hopefully assist
in making the urban energy transition a reality. The complexity that
was evident when applying the design patterns on the case study
shows that there are social, financial and other location-specific
parameters that perplex the step-to-step method. In the end the
design method is firstly a set of instructions on how a designer
can use the knowledge gathered in the project and secondly a
set of design ideas that can be an inspiration for the designer to
incorporate in his/her own design. After all, what is needed for this
transition, apart from the knowledge, is the ability to imagine the
future and then share the images of the future with the world. This
is in the end my modest contribution to urban design, searching
and combining information of different disciplines and the latest
technological advances in order firstly to make a framework and
then providing with design ideas that can use this knowledge and
make the urban energy transition imaginable.
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10.3.. LINK WITH RESEARCH GROUP

The current graduation project is located in between 'Smart City and Urban Metabolism" and
"Complex cities" research groups. The subject links future transformation of urban areas — especially
connected with urbanization — with the energy transition and explores the design tools that can
assist urban designers towards the urban energy transition. This transition is much needed towards
our way for sustainable living environments, and in this project attempts to show a path that can
accelerate the transition without compromising our quality of life. Because as stated in one
of the research questions of the Urban Metabolism group, urban metabolism should be influenced
by our strategies in such a way that not only the transition will be accelerated but the resulting
sustainable living environment will be characterized by a high quality of life (urbanmetabolism.
weblog.tudelft.nl).

In the process of searching for possible answers, the micro-climate — as a factor affecting heat
losses/gains of heat (aka energy), in buildings — became increasingly important. Wind patterns,
solar radiation and other climatic conditions are explored in reference to urban morphology in
order to come up with design solutions concerning energy use as well as production. Literature or
existing examples are used in order to discover the optimum characteristics of urban morphology
in relation to each climatic condition. Ultimately the purpose is to explore how we could redefine
current practices in lines of climate-responsive and energy-active urban design. The correlation of
the urban morphology with the micro-climate, constitute essentially the study of flows of energy
from the open to the urban environment to the exterior and eventually the interior of a building, as
well as the other way around. The in depth study is directly linked with the understanding of the
flows of energy in the city and it should be therefore a core part of urban metabolism in relation
to the energy circle.

In the same line, to address the energy circle there also needs to be a clear understanding of
the existing energy "feeding” system. Namely, the infrastructures that are currently providing with
energy and not only their physical dimenisions but also the political and economical. This project
has been exploring these subjects in order to sed light on varying aspects that relate to the
transition and its obstacles. A research that | believe is both relevant and extremely important in
order to successfully tackle the energy transition.
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Abstract: The environmental crisis and the depletion of fossil resources have influenced our planet and are penetrating our
lives more and more (from economic crisis caused by oil and gas crisis to the raised number of storms, floods and other
extreme weather conditions). At the same time scientists and technology experts have been progressing exponentially in
renewable energy technologies. Prices are dropping, technologies become more and more adaptable (e.g. solar textile energy
systems) and the fossil giants are investing in these technologies. As a result, there is a prevailing perception among
practitioners as well as researchers that the current crisis will be resolved by technological advances. Ambition of this paper
is to go beyond technology and explore how a potential collaboration between urban designers and engineers can succeed
in making the fransition within urban environments. In doing so, there is firstly the need of fracing the existing gap between
them. Then, within the overarching framework of Sustainable Urban Design, to provide with insights as to how and on which
focus areas it should be bridged.

Keywords: energy transition, sustainable urban design, urban form, engineering, technology, transdisciplinary

* The format of this paper is based on the template that was given in the methodology course
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1. Introduction

The environmental crisis has been present for more than half a century — scientists have been studying global warming from
the 60s — but only recently has it started becoming more and more apparent in our lives. Extreme weather phenomenon such
as heat waves, coastal flooding, and severe droughts on some areas and extreme precipitation on others, are directly linked
to climate change and they are influencing people’s lives around the world. In the Netherlands, rising sea level and coastal
flooding poses a grave threat for the whole country but also phenomenon such as supercells’ which in 2016 produced
hailstones “the size of tennis balls” (dutchnews.nl) causing at the greenhouses of North Brabant alone, damages of millions of
euros. At the same time the fossil resources — mainly accountable for the environmental crisis — are facing depletion (fig. 1)
and the reserves are becoming smaller and less economically viable to extract. In the Netherlands the natural gas field in
Slochteren has almost depleted and the fracking technique that is used in order to extract more gas is causing the so-called
“shallow gas quakes™. Therefore it is widely acceptable that the energy transition towards renewable energy sources wil
inevitably occur (Rotmans et al., 20071; Loorbach, Van der Brugge and Taanman, 2008; Hocks, 2017; Kokhuis, 2017;
Witte, 2017).

However the manner on which the energy transition will take place is still not certain but it is of paramount importance. So far
it has been mostly pursued via wind farms in the sea, on the mountains and on agricultural land, and solar parks in the dessert
or again on agricultural land. Meanwhile technological progress has allowed these technologies to become more efficient, 1ess
less expensive and more adaptable, and their potential can be seen also in the fact that fossil giants (e.g. Shell or ExxonMobil)
are investing in renewable energy. But also in literature (Berger, 2014) we can see that there is a popular “misconception that
dealing with the environment is merely an engineering problem to be overcome by technology” as Carmona states (p.52,
Carmona, 2009). The way they are currently applied though (ke aforementioned), in oceans, desserts, forests, agricultural
land, mountains or any other so-called free space, it occupies more and more of the available land. Thus if we are also to
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0 figure 1: end of fossil fuels (source: www.ecotricity.co. uk)

2011 2021 2031 2041 2051 2061 2071 2081

1 A supercell is the least common and the most severe classification of thunderstorm (4 classifications in total). They usually produce large
amount of hail, etc. The research for conclusive proof that climate change is linked to the increase in severity and frequency is still ongoing
(www.ucsusa.org/global-warming/science-and-impacts/impacts/extreme-weather-climate-change. html)

2 A shallow “gas quake” of 2 on the Richter scale has a lot more impact than a natural earthquake of the same magnitude 20 to 100 km
deep. Experts agree that the Richter scale doesn't do the situation in Groningen justice and only serves to trivialize the case
(http://www.dwarshuis.com).

2

207



208

take into consideration the growing population, urbanization rates and our current spending patterns, the energy demand will
grow exponentially in the future. Will we be able then to accommodate all our needs and our population in, for instance,
20507 So based on the most common definition of sustainable development®, are the current practices sufficient to make a
successful transition or the future generations will have to face similar issues? Therefore the current paper as well as the thesis
aspires to answer the two issues of increasing energy demands and of space occupation.

In order to provide a possible answer, it is necessary to go beyond technology and examine the urban environment and the
behavioural patterns of the users. As itis going to be explained further on, the fossil era has affected both urban environments
and users’ behaviour and it has created unsustainable cities which are currently in a state of — as Broto (2017) describes it —
carbon lock-in*. This lock-in state acquires action on specific aspects of cities and by specific actors. This paper provides an
overview of these aspects and actors, but it will focus on the urban form and on professionals of the built environment, in
particular urban designers and engineers. The focus on those two types of professionals, is not intended to illustrate their
individual duties. On the contrary it is intended to explore the gap between the two and then on which aspects of the urban
context their collaboration can contribute in successiully overcoming our carbon lock-in.

The first section of the paper will examine the urban environment in order to provide a better understanding of the
unsustainability and the carbon lock-in apparent in our cities and lifestyles. For this purpose the literature used is varied in
order to cover the different aspects of unsustainability and to show its link with energy use. The second section of the paper
focuses on sustainable urban design since it can provide the ground on which the collaboration between urban designers and
engineers can be built on. In particular the framework drafted by Nico Larco (2016) in his paper “Sustainable urban design —
a (draft) framework”, will be used as a basis due to the incorporation of different theory models on sustainable urban in one
comprehensive organisational structure which emphasizes on design elements of sustainable development. Finally in the
conclusions, the potential in residents’ participation via energy initiatives will be briefly explored — keeping always in view the
ultimate goal, the energy transition.

2. Tracing the gap

As it has been observed in practice (Hocks, 2017) as well as in literature (Janda & Parag, 2013; Van Den Dobbelsteen et
a., 2011, there is a gap between urban design and engineering in our trajectory towards the energy transition. Indeed in an
interview conducted by the author, Borris Hocks — an urban designer and cofounding member of the Dutch office for spatial
strategies “Posad” employed also in energy projects — stated that there is a need for developing a design language similar to
the water-sensitive design language. Namely designers so far have been applying engineering solutions, by learning technical
details and spatial restrictions, but there is a need for learning how to design with these technologies (Hocks, 2017). Similarly,
organisations such as Architecture 2030 — established in 2002 by the architect Edward Mazria — consider the architects duty
fo provide innovative solutions for the built environment by creating strategies and making use of technologies (fig. 2).

Design solutions are, undoubtedly, necessary in our trajectory to the urban energy transition but not sufficient (Janda, 2011).
As aforementioned (see introduction) if we are to take the future of cities into consideration, we need to go beyond energy
production. We need 1o reinvent the way we perceive our urban environments and our relationship with energy holistically.
Droege (2006) in his book “The renewable city: a comprehensive guide to an urban revolution”, he studies the connection
between cities and energy. Interestingly the particular subchapter of the book is entitled “Form follows fuel”. In this subchapter
he describes how the coal influenced not only the expansion of cities but also their development along rail corridors dug to
the steam engine and how electricity (that stemmed from coal) transformed cities into “magic citadels of bright lights and
motorised motion” (Droege, 2006: 131). Later on the oil and gas fully facilitated the growth of cities and served well in the

3 Sustainahle development is defined as “meeting the needs and aspirations of the present generation without compromising the ability of
future generations to meet their needs” (Brundtland, 1987: 292)

4The discovery of large fossil fuel reserves is a historical event which made socio-technical and socio-ecological systems to coevolve —
development of institutions, economic interests, lifestyles and technological developments — in a deterministic pattern that created an inertia.
The present in such cases remains within this inertia and whatever differentiates from the established systems meets resistance, for instance
renewable energy and sustainable development. In other words, as Broto (2017; 757) describes it, “with the development of infrastructures,
institutions and social habits, moving away from fossil fuels may prove an impossible enterprise, which is described as carbon lock-in”. This
state finds its spatial manifestation in the city in terms of urban obduracy, namely the resistance of the built environment to change following
our current needs.



steep housing demands of the post-war period. With oil and gas there is not even the need for proximity to the source as with
coal. The extraction points are located far from cities and transportation services along with a large centralized distribution
networks provids cities with ‘invisible” energy (Hommels, 2005). Buildings, streets, transportation services, household devices
were all built with dependence to this fuel system.

Therefore it is visible that the gap is not as simple as initially perceived. On the contrary itis deeply rooted into the urban form
as it was shaped by the fossil era. This process has been ongoing for the last half century and more, leading to a generation
not only of end users (Janda, 2017) but also professionals (architects, planners, engineers, etc.), which are alienated from
natural processes. This is also evident when looking into the ecological footprint per capita of each country (fig. 3). Western
developed countries even though they possess the technological and economic means 1o reduce their ecological footprint,
they seem to have the largest environmental impact and they also appear to be unaware of it (Carmona, 2009).

This is essentially the state of carbon lock-in that Broto (2017) analyses and it is manifested in various ways within the urban
context. In this paper 3 actors of energy related unsustainability are chosen bassd on their impact: built environment, fransport
and users’ behaviour. However only the built environment will be further addressed as the ground of collaboration between
urban designers and engineers. Users™ behaviour is perceived as a controversial actor, designers are divided as to whether
the design should aspire to actively include users in the process towards sustainability. Perspectives on its importance and
potential will be briefly presented in the latter part of this paper.

Transport and the built environment are more apparently connected and mutually influenced. Already from the 70s when the
first oil crisis occurred and the first discussions on making cities more independent from fossil fuels, transport was the first
sector that was examined. Excessive fuel consumption because of urban sprawl and in general the lifestyle of the automobile,
were criticised and new models of urban development were proposed. Examples of these are the compact city, fransit oriented
development (TOD), etc. Furthermore electric cars started appearing, biofuels are also part of the future plans and even
autonomous vehicles are expected to play a part in this (Newman et al., 2017). However there are other issues which are
again embedded into urban form which still need to be resolved. Apart from the most apparent which is sprawl, the post-war
period bequeathed to us large monofunctional residential arsas contiguous to city centres. These monofunctional areas render
the endeavour of independence from private cars almost impossible.

figure 2: the pathway towards carbon neutral by 2030
as illustrated in the 2030 challenge (source:

|

architecture2030.0rg)
flgurg 3 \/\/orlld map Qf countries by ecological . i e
footprint; data is given \nlgjobql hectares per capita — STRATEGIES AND SYSTEMS ENERGY
data of 2016 (SOUV’CG: Wlklped‘a) The largest energy Including on-site renewable 20% maximum.
reductions can be energy systems.
achieved through design.
Meeting the 2030 Challenge
2. Source: ©2010 2030, Inc. / Architecture 2030. All Rights Reserved.
3.

x = ecological footprint
(global hectares per capita)

W10sx<11

209



210

In the case of the built environment, existing knowledge is more limited and there are still key features that affect energy
consumption which are mostly ignored by practitioners. For instance lack of vegetation, concrete and asphalt have led to the
urban heat island effect (Newman et al., 2017), which has affected even countries with cooler climates creating various issues
including health problems. Furthermore there is a direct link between urban heat island and space heating requirements. But
urban heat island is a phenomenon that becomes more evident in cities in particular periods — namely summer and winter,
As Owens (1987) describes in her article “The urban future: does energy really matter”, the micro-climate and all elements
of the build form — orientation, height and density of buildings, width of roads, vegetation, etc. — that affect it on a local level
have an immense influence on the thermal comfort inside buildings and therefore on energy consumption. The root of this
problem lies in fossil fuels as a cheap energy that shaped urban areas — built since the coal era and even more, later in the
oll and gas era — ignorant to the local context (Droege, 2006). Namely, climate, orientation, weather conditions, sunlight and
even materials, all of which were important before fossil fuels. Climatic distinctions that characterized urban settiements, such
as bright colours, narrow passages or small windows for warm climates or the opposite design choices for cold climates —
dark colours, large windows — have been forsaken. And it is of course no coincidence that the two large urban growth periods
— 19" and 20" century — took place hand in hand with this fuel system. But precisely this fact makes sustainability even
harder to pursue due to rigid structures which are in place and thus hard to change. Therefore the challenge of our century is
on one hand, as Droege states (1987: 131), “undoing the negative effects of almost three generations of planning priorities
bred in an era that was gripped by great collective delusions about limitless growth”. And on the other hand to solve this
problem on the local context by producing climate- and energy-sensitive design solutions.

In brisf, there is a paradox when it comes 1o technology and urban context. Technology seems — especially nowadays — to
evolve rapidly. On the other hand, its spatial manifestation in the urban context — infrastructure, bridges, transportation facilities,
etc. — is fixed, stable and obdurate (Hommels, 2005). Recent studies by historians of technology (e.g. Hard and Stippak)
highlight the potential of transdisciplinary collaboration of the fields of urban studies with technology studies in tackling the
urban obduracy. In the following section Sustainable Urban Design is studied as an overarching framework where climate-
and energy-sensitive design can be developed and as the grounds for the collaboration between urban designers and
engineers.

3. Sustainable Urban Design (SUD)

In this section Sustainable Urban Design (SUD) is described as an overarching framework which can provide the basis for the
development of the desired collaboration between urban designers and engineers. For this purpose Nico Larco's paper (2016)
entitled "Sustainable urban design — a (draft) framework” is chosen since it incorporates different theory models on sustainable
urban form and provides a comprehensive and aggregate framework with clear divisions, purposed for practitioners. Larco
separates SUD into five primary focus areas, in this paper (and further on in the thesis) one of this areas is being studied in
detail: energy use and production (based on non-transport related Uses). This focus area is subdivided to three additional
focus areas: buiding energy use, outdoor lighting and embodied energy. All of them need to be addressed through the
transdisciplinary collaboration that is proposed and in the end design solutions and spatial principles need to be developed.
The aim of the author is to offer a brief description and to highlight the areas where the gap sxists and the potentials stemming
from the desired collaboration. At the same time it is acknowledged that the nature of this gap is something that cannot be
bridged by the author, but possible pathways are explored and proposals will be made towards bridging this gap.

First focus area is the building energy use which is highly dependent on the climatic conditions. But as aforementioned, local
conditions are significantly influenced by the urban form. In particular it influences humidity, wind strength and temperature, to
to mention a few, however the way on which the form influences them is an unknown field for urban designers. Some of the
basic elements that should, and in some cases are already taken into consideration are: solar orientation, buildings’ sizes and
depth, density and wind streams. All those elements though are extremely dependent on local climatic conditions. Moreover
often there can be design decisions that while benefiting one of the conditions, they collide with others. The climatic conditions
and the physical rules concerning them are a knowledge field that belongs to physicists, engineers and environmental
scientists. However the urban form is —and should be — designed by urban designers, which makes it clear that there needs
to be a transfer of knowledge across disciplines in order for successful design solutions and spatial disciplines to be developed.
There are existing examples that similar attempts have been made, for instance the Solar Quarter in Regensburg (Germany)
or Masdar City (UAE), both by Foster and partners (fig. 4). Examples such as these can help along with examples from



Building spacing and microclimate
Bullding space and shelter

Civic building : views and solar access

figure 4: The diagrams

ilustrate the approach of the
designers 1o ecologically ettt
responsible design ' \

=y
I
;

view to historic
centre

| i, +.4 e -
[Solar quarter; Unterer Wohrd, -
Regensburg, Germany, 1996-
Norman Foster and Partners

(source: Ruano, 1999: 45)] _ trees breakup wind tunneling

vernacular architecture in giving a better insight into physical rules that have to be followed for climate- and energy-sensitive
design.

Embodied energy is a part that even sustainable projects fall to address because it grows beyond our current understanding
due to the conveniences that cheap energy brought. It entails all energy spent from the production of building materials to
transportation and finally to construction or even demolition. Once again, as in building energy use, two are the key features
in order to limit energy consumption: knowledge of materials, construction and demolition specifications, and the types and
possibilities of local (what range from the site) materials. In order to accomplish that there is a need both to become more
aware of all the processes entailed in building — something that hardly even is known to engineers, let alone urban designers
—and 1o be able to draft tables of materials with the key elements influencing embodied energy, in order to be able to make
energy-informed decisions.

At this point it should be noted that even though Larco provides a very cohesive and aggregate framework, there is the need
for more information in order for practitioners 1o be able to actually use this kind of matrix. The knowledge that needs to be
developed in order to deliver successful principles and designs, should also incorporate values and data that will enable SUD
to become less vague and qualitative. For instance, the urban heat island is an effect which can be described in a qualitative
manner but it can also be measured (Larco, 2016). There is a need to develop indicators in a similar way, for instance an
indicator that would be able by taking into consideration the strength and direction of the wind to calculate the optimum height
of buildings or width of open space between buildings, based on the local climatic conditions. However this kind of data even
though they exist for some values, what is also lacking is an organizational structure that will enable practitioners to be able,
firstly not to get lost with various data, and secondly to compare them and identify trade-offs between different elements —
e.g. wind and sun reguirements related to density. Similarly it could work for a possible table of materials — as described
above. This kind of matrixes could help urban designers to weigh different choices and decide accordingly to each case's
reguirements and potentials. This is the gap that the exchange of knowledge across disciplines — urban designers and
engineers — will need to fill in the immediate future towards the urban energy transition.

However we need to make sure that we do not get trapped in the rigour of the profession if we are to avoid mistakes of the
past, such as the monofunctional, residential expansions of the post-war period. And rigour does not only refer, in this case,
to each separate discipline but also to their pragmatic role in the current challenges of the urban environment. Namely, as
Newman et al. distinctively noted we are transitioning towards an “era of citizen utility” (Newman et al., 2017: 38), where
citizens will be energy-aware — in both reducing it and producing it. Indeed in a research conducted on the Zero Energy Home
development by the name of Premier Gardens (Sacramento, USA), it was discovered that even though the residential
development was done by the rules of Zero Energy, the final result was far from zero energy. By looking more carefully into
the electricity bills it was evident that the residents had the same energy spending patterns as an average city dweller, which
practically defeated the sustainable design in terms of effectiveness (Janda, 2011). It is therefore crucial to understand that
designers “need to develop professional expertise and seek ways of integrating user involvement in building performance”
(Janda, 2011 16).
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4, Conclusions

In this final section apart from the conclusions, there will be some recommendations for further research related to the gap as
was defined in the paper, and the potential lying in users' engagement in sustainable urban design. The energy transition
towards renewable energy sources is a puzzling subject. It has managed to gather vast and global attention, international
agreements have been made and it has been included in the agenda of numerous countries. Nevertheless it seems to be
hindered without explicit reasons. This paper first and foremost, explores what seems to be often overlooksd by technology
experts: in order to successfully transition to a new fuel economy we need to take into consideration the obstacles that the
lock-in state of the fossil economy poses in the way. The increasing energy demands, the urbanization rates and the population
growth could finally lead to the occupation of free spaces. Design solutions and possibly a design language incorporating
renewables, is undoubtedly necessary but not sufficient. Broto's (2017) definition of carbon lock-in and urban obduracy
effectively illustrates the reasons for this insufficiency.

This paper analyses the specific elements that create this unsustainability for some specific actors (built environment, fransport
and users” behaviour), in an effort to become mare explicit. This step has been helpful in comprehending the issues that need
fo be tackled (e.g. climatic conditions for the buit environment or monofunctional residential areas for transport) towards
achieving sustainability in terms of energy. Larco's framework of Sustainable Urban Design is a compact and comprehensive
fusion of different models of sustainable development and urban form. It focuses on the design part of these theory models
and is meant for practitioners o use in order to produce sustainable development. After presenting the proposed framewark,
the paper suggests that it is very useful in our endeavour for sustainability and ultimately for the urban energy transition.
However it is highlighted that there is a need to enrich the data and indicators, as well as provide an organisational structure
which can allow practiioners to make energy-informed decisions. On this matter, the paper concludes that there is a
knowledge gap between urban designers and engineers. Both to cover the unknown ground of the relationship between
climatic conditions and urban form as well as to assist SUD to become less vague and more quantifiable and practical for
urban designers.

At this point, it needs to be acknowledged that the gap highlighted in this paper is a complicated knowledge gap. The intention
of the author is, firstly to explore through relevant examples of sustainable urban form and to make use of data and indicators,
in order to tackle {in the thesis) unsustainability based on specific climatic conditions and to explore potentials that will assist
in achieving urban energy transition. Apart from that there is recommendation for further transdisciplinary research that could
go beyond examples and best practices and towards discovering the true potential existing in the collaboration among science,
technology and urban design. Nonetheless, as abovementioned (see section 3) professional rigour has led to failures in the
past which in order to avoid we need 1o realise that currently the involvement of people is not only desired and necessary, but
also underway. Indeed the local energy initiatives (already 300 in the Netherlands alone) are already creating a significant
difference in the renewable energy production (hieropgewekt.nl). Not only because they produce their own energy but also
because through these community-driven initiatives they create knowledge. The potentials lying in the combination of these
initiatives witn the expertise of professionals can be very promising in overcoming the issues existing so far with renewables
(e.g. NIMBY) and even lead to a new fuel economy which can be both environmentally and socially just.
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COMPARATIVE STUDY:
ECOVILLAGES AND ECOURBAN NEIGHBOORHOODS



BOEKEL ECODORP, NETHERLANDS

"Now we are close to realizing our dreams. We learned a lot in the
last 5 years. We are going to grow our food with Permaculture, heat
our homes with Rocket Mass Heaters.

We are going to build our houses with wood, straw bales and hemp.
We are going to build a polydome as an example for sustainable food
production

We are going to build the nicest tree huts for ecotourists. And we will
be a center of sustainable companies that create win-win situations
for each other and the partners we work with

So that can happen when you go with the flow. You have no idea
where you are going, and not how long it takes. So be sure to make
the trip worthwhile . Then it does not matter where you end up or how
long it takes. It only means that you can realize your dream and make
your part of the world a bit better..

POSITION
CURRENT RELATED TO
SIZE STAGE URBAN CENTRE

Fringe of the small
town of Boekel

1km away from its
centre

synergies
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Max12m | WIND
SOLAR
BIOMASS
GEOTHERMAL

Wood, biogas from composting
FUTURE: Hydrogen energy storage

Solar panels, solar collectors on the roofs
Smart Grid — 1TkWh battery storage per kWp to PV | SYSTEM & STORAGE

WASTE

Compost toilets

Vegetable
waste >
chicken & fish

deconstruction:
2" hand
materials



NATURAL

MATERIALS ASSETS

Organic & renewable | D’n Eik forest
Proximity of origin
Slightly processed

2" hand materials

BOEKEL:

> ECODORP BOEKEL

STRUCTURE/FORM

Architecture

High insulation
A lot of daylight

Passive solar

Solar tubes & LED lights

Urban/village

Small houses: less
materials, less energy to
build & to heat, cool,
etc.

Neighbourhood house

BASIC PLANNING
CONCEPTS

Permaculture
Biomimicry

Healing architecture
Pattern language

Polydome

PHASING

P1 preparation
exploring potentials,
allocation of tasks

P2 grouping
Attract people

(experts, volunteers,
supporters) —>action
oriented organization

P3 agreement with

municipality

e Temporary
occupation

e Boomhuttenhotel

e Food forest

ORGANIZATION
& PROFIT

Cooperative
Ecodorp Boekel
(rental company):
residents will be
renting the houses

Model: Holarchie

Profit:
Boomhuttenhotel

“Dragon dreaming”
Project
management
service (external)
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IEWAN - STROWIJK NIJMEGEN,

NETHERLANDS

The community provides space for families, residential groups,
singles and dwellers. At lewan there are currently 44 adults and 7
children. Together they take care of their living environment. They
share a number of common areas and facilities, and there is als