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| PREFACE & ABSTRACT

This report is the final product of my master program at
the faculty of Architecture and the built environment in
TU Delft. Within this master period, | was able to be close-
ly in touch and learn a lot about sustainable innovations,
new concepts, products, projects and in general, learn
a different way of thinking, studying and conducting re-
search.

At the faculty of Architecture and Build environment, the
climate department was the perfect environment to fur-
ther develop my ideas and expertise. What started as a
project focussing on food waste flows, evolved in a new
approach about the circularity of different flows and so-
cietal relevance. During the process, | could deepen my
knowledge on circular principles and “urban metabolism”
topic, which allowed exploring relations between flows
and urban design/planning, exploring circular solutions of
flows, analysing the performance of an urban system, and
co-relate it with people and the built environment.

In the end, | think that the design framework developed
for this thesis could contribute to the improvement of
other areas in need, similar to this selected study case,
and in general, this thesis could form the base for paying
attention to the importance and advantages of combin-
ing environmental, social and economical aspects under
one project. Moreover, this research could be helpful for
companies that want to improve their sustainability oper-
ations considering Sustainable Development Goals.

| would like to thank some people who were of great help
throughout this intense and unexpected year.

First of all to my two mentors, Peter Luscuere and Bob
Geldermans, who have been good support for me through
this whole process. My thesis has undergone some diffi-
culties in finding data and finding the right scope and ap-
proach. Both mentors were of help during this research
process, trying to guide me in the right way and letting me
investigate and add my own perceptions and creative ide-
as. The relaxed atmosphere but intensive chats helped me
to boost confidence and move forward in difficult times.
This report would not have been developed without the
support of my family, boyfriend and friends. My family
constitutes a great pillar in my life, who have always been
there for supporting me in my decisions and progress,
and what | will be always grateful of. My boyfriend lago
played a key role during this period, boosting my mood,
being critical with my thoughts and helping me to rest
from work in the best way. The role of my friend Joanna
was undoubtedly very enriching, who gave me general
insights, critical perspective and together with Francesca,
many important fun times during this period.

In the end, | am very proud of the effort and amount of
investigation | could perform, leading to valuable results
not only for public authorities but also private companies
that could be interested to go beyond the social circular
economy.

| hope you would enjoy reading this report and hopefully,
you could obtain some insights, new knowledge and per-
ceptions.

- Motivation:

My personal motivation for this research came after fin-
ishing the last course of the master: SWAT, in which the
assignment was focused on the exploration of new in-
sights and directions for developing a sustainable city by
implementing a design methodology that could embrace
theoretical knowledge, technological merit, environmen-
tal effectiveness and create a great societal impact. | could
develop an urban farming complex for Amersfoort’s citi-
zens in which not only food flows were improved but also
it could contribute to a better life for the community.

For this reason, a research topic related to flows and ur-
ban design was aimed to be chosen in order to investigate
further the future possibilities for the improvement of the
natural environment and the social benefits for a commu-
nity. Moreover, my urban background and the objective to
contribute to future sustainable urban development and
improve social life quality for everyone has influenced on
the development of this thesis.

: Executive summary:

Current issues such as climate change or scarcity of re-
sources, among others, make general business market
and in this case, Lidl supermarket Netherlands continue
searching and improving its commercial operations and
services around circular economy principles (CE). Howev-
er, CE carries several social limitations that this thesis is
planned to solve through exploring social circular econ-
omy solutions (SCE) and synergistic potential of urban
metabolism. Moreover, the influence of United Nations
(through Sustainable Development Goals) and its objec-
tive to focus on the improvement of social conditions is
important for the sustainable progress and social living
conditions of degraded areas such as Spangen, the select-
ed case study.

The thesis is structured around 3 steps consisting of the
analysis of baseline (flows, SDGs, Lidl, social context), im-
provement (exploration of circular solutions routes and
interrelations for achieving design options) and proposal
(including an evaluation and supportive calculations). This
research is mainly qualitative, comprising of literature re-
view, case study and fieldwork.

| READING GUIDE

- Notes:

-Orientation: The floor plans, drawings (top view) and
maps that are presented inside this report are always with
the North orientation unless otherwise stated.

-Scale: The scale will be mainly represented in the final
plans of the proposal, so appeared in chapter 06 Research
by design (avoided in other conceptual diagrams).
-References: References that are not part of the literature
study are cited with the website link. Moreover, the rest
of the figures that are not mentioned consist of own work.

- Structure:
This research is formed by 8 main chapters, and briefly
structured into 4 parts:

- Problem and objectives: For facilitating the delimita-
tion of the problem and R.questions (RQ) and objectives.
- Theoretical and analytical study: Detail knowledge
about useful concepts, qualitative information and
guantitative analysis about Spangen.

- Design process: Selection of certain strategies and de-
sign possibilities through design by research, choosing
the optimal solution according to SDGs and improve-
ment of urban flows criteria.

- Evaluation: Based on the design outcomes, being criti-
cal with the achievement of the main research question
and sub-questions presented at the beginning.

Chapters:

-01: General background study and Lidl de-
scription.

-02: Focused on definition of main prob-
lems, vision, research question and
sub-questions.

-03: Conceptual framework.

Problem &
objectives

-04: All the literature review, including
precedent studies and concluding with de-
sign framework.

-05: Local analytical study of the area, se-
lection of essential flows and calculations
of flows.

&

Theoretical
analytical study

RQ1, RQ2, RQ3

-06: Further analysis of local context, circu-

lar solution routes and design process. RQ3, RQ4
-07: Final proposal, calculations and bene-

fits.

Design
process

RQ5

-08: Conclusions, discussion, reflection.

Evalu-
ation

-(09): Appendix with bibliography and fur-
ther research data

- List of definitions:
Several important definitions are described in order to es-
tablish a proper communication and understanding, and

avoiding misreadings between the writer and readers:
« Circular economy framework: Limits in which circular
economy definition are restricted, but in general it is all
referred to circular economy principles and concepts.
- Circular facility: Set of amenities and services neces-
sary for a given activity inside a certain context (indus-
tries, armies, neighbourhoods, etc), operating based on
circular economy principles.
- Halophyte: It consists of a natural water filtration sys-
tem but with a specific selection of plants that can sup-
port higher concentrations of salt and other pollutant
particles than regular phytoremediation plants. Within
the project, halophyte plants are destined for greywater
treatment, whereas phytoremediation word is destined
for the treatment of rainwater, although both are phy-
toremediation systems.
- Inclusive: It is a characteristic attitude or tendency of
integrating building(s) or people into a bigger context,
with the objective that they can participate and contrib-
ute to it and benefit from this process.
- Synergy: It is an union of several forces or causes in
order to achieve greater effectiveness through collabo-
rative actions between involved parties
- Social circular economy: It is a further approach of the
circular economy principles and concepts, where social
and local context is also considered for creating more
impact and benefits in the environment.
- Neutral dependency: It is a connection that does not
lean in favour of any of the opposing parties, resulting in
a balanced and equilibrium state among parties.
- (Food surplus: Unsold products, including inedible
parts of food, that are intended for human consumption
including drinks. Food surplus can be generated from
product damages, degraded quality, recalls, past its best
before or use by date).
- (Food waste: Any surplus not redistributed for human
or animal consumption and or disposed of via anaerobic
digestion, composting, energy recovery or landfill).
‘Food waste: Although the previous definitions were the
correct ones, within the project, food waste will be de-
fined as the avoidable food waste that can be recovered
through circularity measures.

- List of abbreviations:
The following abbreviations will be commonly used:

- CE: Circular economy + NFT: Nutrient Film Tech-
- FW: Food waste nique (aquaponics)

- F, W, A: Food, water, air - NL: The Netherlands
flows - PV: Photovoltaic (panel)
- GH: Greenhouse + SCE: Social circular econ-

+ LM: Linear model omy

+ LSC: Luminiscent solar - SDGs: Sustainable devel-
concentrator (panel) opment goals

- (Low tech): Low technol- - UD: Urban design

ogy
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1.1 | INTRODUCTION

1.1.1 GENERAL INTRODUCTION

Based on studies performed by the United Nations, it is
expected that the level of world urbanization and world
population will be much more increased (Hui, 2011), re-
sulting in greater pressure on the metabolism of cities.
The demand of flows such as water, energy, materials, fer-
tile soil, food and clean air are destined to be much more
demanded in order to fulfil the requirements of the new
growing society. However, considering the depletion of
natural resources, increase of waste and climate change
issues, among others, there is an urgent need to adopt
other operating systems that are more respectful with the
natural environment.

The sustainable development goals (SDGs) set in 2015 by
the United Nations serve as a good start for achieving a
better and sustainable future for everyone. There are 17
goals and they are all interconnected, trying to address
the current global challenges (UN, 2019).

Since the Industrial Revolution period, great advances in
the technology area and urbanization has been performed
but this also resulted in a sharper depletion of fossil fuels
than the previous humanity stages. The mobility, econ-
omy, society and political power have been organized
around the unlimited consumption of natural resources
without thinking that in the next future, these valuable re-
sources might be gone. There is no an exact date of when
this will happen, but experts state that sooner or later will
occur, so if society still keeps doing their activities and life-
style in this way, the following questions arise: what will
happen next if there are no more resources? How will hu-
manity be able to fulfil their necessities?

In natural cycles, like the water cycle, every element that
is extracted from its natural sources is sustainably trans-
formed and then release back to its origin, being again
profitable and reusable for the next cycle process. How-
ever, the way humans have developed products is much
more different, because when the lifespan of a product
or material has passed, they have lost their economical
and functional value, becming useless and thrown away
or burned. Products are currently designed to be expired,
broken or lose their efficiency and value at a certain point,
even though they could be designed to last longer, due to
consumer behaviour of developed countries, tempted to
buy new products or being constantly updated.

Sustainable solutions and ideologies have been searched
and developed since the past decade in order to take re-
sponsibility for the nature and sources from the planet.
Circular economy in the built environment is mainly fo-
cused on the irresponsible extraction and utilization of
natural raw sources and the intention to reuse them as
much as possible before going to waste through smart
designs and processes. However, one step further that
needs to be considered for achieving in reality a circular
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building is to consider the social aspect and the local con-
text where it is placed, in which the exchange with other
systems is the key for having a balanced system between
economy, environmental and social aspect.

A social circular economy is a further approach of the cur-
rent state that could determine the effectiveness of the
circular economy principles and its real establishment.

In general, the role of supermarkets and grocery stores
is important because they act as a connector between
the supply and demand. They have enough power to in-
fluence people on their consumption behaviour and buy-
ing practice, but it is observed that there is lack of social
cohesion, communication, participation and interaction
between people in big supermarkets (Erwin & Brownson,
2017). Supermarkets are an important facility that brings
life inside a neighbourhood, thus it could play a key role
for improving the social aspect and enhancing people’s
satisfaction in a community.

When talking about social aspects, degraded areas pres-
ent themselves important challenges and great potentials
that could be studied. Moreover, as a consequence, envi-
ronmental and economical issues are linked to these poor
areas, resulting in greater impacts and possibilities.

Therefore, the role of Lidl supermarket could be relevant
for the improvement of poor socio-economic context not
only from social perspective but also from environmental
one. The inclusive supermarket of the future would need
to be in synergy with the surrounding environment in or-
der to get greater benefits and reduce resource demands.

1.1.2 LIDL AND TU DELFT

Lidl Netherlands is doing efforts for improving its climate
impact through all disciplines and thus trying to become
the supermarket chain of the future.

Current issues such as climate change or scarcity of re-
sources, among others, make general business market
and in this case, Lidl supermarket Netherlands continue
searching and improving its commercial operations and
services to its customers. Moreover, the concepts of sus-
tainability and circularity are not considered any more dis-
tant goals but are quickly gaining more relevance so com-
panies see great potentials in them for the next coming
years. The company is aimed to achieve gradually sustain-
ability and circularity along with the whole commercial
operations by sustainable strategies and smart designs in
order to minimize the climate impact.

For this reason, the company has reached TU Delft in or-
der to improve its sustainability goals and explore sever-
al opportunities of the circular economy through all its
categories by the help of master thesis students. In the
previous years, Lidl thesis were focused mainly on ener-
gy, materials and the circular design, therefore this year
| felt that organic waste flows within a grocery store like
this needed to be finally assessed in order to make a fur-
ther step into the circular economy and the reduction of
the footprint. By focusing on some flows and assessing
Lidl and urban context through Sustainable Development
Goals (SDGs), further benefits for the company and de-
graded areas such as Spagen would achieve further ben-
efits for the future.

Moreover, due to the high position of groceries stores
and its great influence on the behaviour of consumers,
the main food wasters, the new proposal aimed to have a
great social component, thus achieving sustainability but
also social benefits inside and outside the Lidl supermar-
ket.
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2.1 | BACKGROUND STUDY

2.1.1 CURRENT CHALLENGES

Briefly, some of the main current challenges that the
world is facing are related to population growth and ur-
banization, an increase of waste generation and the de-
pletion of natural resources.

- Population growth and urbanization:

Studies performed by the United Nations (UN) indicated
that population is expected to increase considerably by
2050 (Figure 2.1.1.1), meaning that twice as many people
in the world will be living in urban settings (6.7 billion)
rather than rural ones (3.1 billion).

In The Netherlands (NL), urbanization has been always
leading the way Dutch people live, but since 1900 there
has been a rapid growth. Around 1977, there has been a
dramatical decrease in rural areas, expected to continue
by 2050 (Figure 2.1.1.2).

2050 World: 2050 NL:
Urban: 6.68 billion Urban: 16.93 million

Rural: 3.09 billion Rural: 590,000
TOTAL: 9.77 billion

TOTAL: 17.52 million

Figure 2.1.1.1: Global urban (red) Figure 2.1.1.2: Dutch urban (red)
and rural population (blue) pro- and rural population (blue) project-
jected to 2050 (Source: Our world ed to 2050 (Source: Our world in
in data, 2018). data, 2018).

However, it has never been like this before because, for
most of human history, people used to live in small com-
munities. Figure 2.1.1.3 shows that global urbanization
has largely been focused mainly in the last 200 years
(from 1800), and particularly in recent decades, in which
this trend has shifted dramatically, resulting in a massive
migration of the population towards urban areas (Our
World in Data, 2018).

% —
1500 1600 1700 1800 1900 2016

Figure 2.1.1.3: Urbanization over the past 500 years. Share of the total
population living in urban area (Source: Our world in data, 2018).

The consequences of these two phenomenons will affect
the ecological equilibrium and harmony between nature
and human being. They will put great pressure on the me-
tabolism of future cities because even though cities occu-
py only 2% of the world’s surface, they currently consume
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75% of its resources (Girardet, 2008). The demand of main
flows such as water, energy or materials are destined to
increase tremendously for fulfilling all the requirements
of the new growing society.

- Increase of waste generation:

The expected increase of population and the level of ur-
banization, together with economic development, will
have direct consequences on waste management, which
waste will be also increased. As cities or countries are be-
ing urbanized, their economic wealth increase too, result-
ing in the following chain: higher economic level allows
higher standards of living, resulting in a higher amount
of consumption of goods and services and causing an
increase in the amount of waste generated. Moreover,
rapid urbanization and population growth result in larger
population centres, making more difficult the collection,
storage and treatment of waste.

Solid waste management is a global concern that affects
to everyone and at different scales, but the negative im-
pact of poor waste management rely mostly on the nat-
ural environment and vulnerable societies (World Bank
Data, 2012).

In general terms, waste generation (municipal solid waste)
is around 2.01 billion tonnes/year or 0.74 kg/person/day
(0.11-4.54 kg/person/day), but it is expected to increase
by around 3.40 billion in 2050 (World Bank Data, 2018). So
citizens and corporations will need to take more respon-
sibility for the waste generation and disposal methods,
in which product design, reduction, treatment measures
and waste separation will play a key role in the future.

74
700

661
602
600 4
516
490
B 468
500 466 440,
396 392
400 369 342 334
290 289
300 4 269
255 231
200] 177 174
129
100
0 T T T T T T

Middle East Sub-Saharan Latin America North South Europe and East Asia

Millions of tonnes per year

and Africa and America Asia Central Asia and
North Africa Caribbean Pacific
2016 2030 W 2050
Figure 2.1.1.4: Total projected waste generation by region (Source:

World Bank Data, 2012).

Solid waste is generally considered an “urban” issue
(World Bank Data, 2012, p.18). In rural areas, the level of
waste generation tends to be low due to for example low-
er income, less consumption of products or services, and
higher levels of recyclability and reusability.

Moreover, lower-income countries usually tend to pro-
duce less waste but also have fewer budgets for recycla-
bility and waste treatment, being waste 90% of the cases
disposed of in open dumps.

Lower income:
6%

Lower Middle
income: 29%

High in-
come: 46%

UpperMiddle
income: 19%

linner Middla

Figure 2.1.1.5: Waste generation by income level, being higher as the
income level increases too (Source: World Bank Data, 2012).
Nevertheless, the trend shows (Figure 2.1.1.6) that low-
er middle income level will have the greatest population
growth at the same time as they will be the greatest waste
generators. Therefore, the highest amount of waste will
not only come from high income but also from lower-mid-
dle-income class, generating mostly paper (30%) and or-
ganic waste (55%) (World Bank Data, 2012).

lower income u
T 2010 waste (million
+956 MT tons/y)
lower middle income > Ofganik:
W 2025 waste (million
tons/y)
i i M 2010 urban population
upper middle income e
(millions)
W 2025 urban population
. 686 MT (millions)
high income - Paper:
30%

0 500 1000 1500 2000 2500

Figure 2.1.1.6: Urban waste generation by income level and year (Source:
World Bank Data, 2012).

- Depletion of natural resources:

It is not new that human actions and activities are harm-
ing the global environment. In fact, since the Industrial
Revolution, this issue has dramatically gotten worse be-
cause although in this period, te¢hnology, economy, ur-
banization, progress and prosperity have increased, it has
also led to unlimited consumption of natural resources,
without taking care of the natural cycles and regenerative
process of the Earth. Moreover, urbanization and popula-
tion growth have exacerbated this issue due to the high
necessities of the new society and subsequent transfor-
mation of the land and high amount of contaminants to
nature.

Fossil fuels, such as coal, oil and gas have been playing a
dominant role in global energy systems since the Indus-
trial Revolution, but specifically from this period, their
consumption has increased more than 1300 times (Figure
2.1.1.7) (Our World in data, 2020).

Fossil fuels carry negative impacts, being considered the
most contaminant source of global energy production and
producing a high amount of C02 emissions. The impact in
the short term is in the form of local air pollution, whereas

in the long term it appears in the form of climate ¢hange
(Our World in data, 2020).
120,000 TWh
100,000 TWh

50,000 TN

B0,000 TWh

40,000 TWh

20,000 TWh

0 TWh i
1800 1850 1900 1950 2000 2017

Figure 2.1.1.7: Global fossil fuel consumption: Global primary energy
consumption by fossil fuel resource, measured in Terawatt-hours (TWh).
(Source: Our world in data, 2020).

In fact, human beings are using the natural environment
1.75 times faster than the planet’s ecosystems can regen-
erate, being an equivalent to 1.75 Earths (PR Newswire,
2019). The environmental consequences of this excess are
being more evident every year, so if humanity still contin-
ues with the harmful extraction and consumption meth-
ods that have been used since the last centuries, most
of the fossil fuels will have disappeared by around 2050.
However, not only fossil fuels will be affected but also the
rest of natural ecosystems will be dramatically degraded,
and additionally, valuable minerals will be gone only in
a couple of years (Figure 2.1.1.8) (Swain & McCandless
(2012).

e

Figure 2.1.1.8: Estimated remaining world supplies of non-renewable re-
sources (years starting from 2012): Ecosystems, fossil fuels and minerals
(Source: Swain & McCandless, 2012).
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2.1.2 SUSTAINABLE DEVELOPMENT GOALS (SDGs)

The Sustainable Development Goals were set in 2015 in
order to achieve a better and sustainable future for every-
one. They are all interconnected and they address the
global ¢hallenges that are currently happening, including
the ones related to inequalities, poverty, environmen-
tal degradation, climate c¢hange, justice and peace (UN,
2019).

SDGs define global sustainable development priorities
and aspirations for 2030 and by all United Nations Mem-
ber States. They are considered an urgent call for action
by all countries, including governments, business and civ-
il society to end poverty and create a life of dignity and
opportunity for all (GRI, UN & WBCSD, 2015), therefore
efforts need to be globally in partnership (SDG, 2018).

The following 17 goals, together with their critical current
situation, are (UN, 2019; GRI, UN & WBCSD, 2015):

- 1: No poverty: End poverty in all its forms everywhere.
(Over 700 million people still live in extreme poverty).

- 2: Zero hunger: End hunger, achieve food security and
improved nutrition and promote sustainable agriculture.
(1/3 of the world’s food is wasted and 821 million are
undernourished).

- 3: Good health and well-being: Ensure healthy lives and
promote well-being for all at all ages. (Vaccinations re-
sulted in an 80% drop in measles deaths between 2000-
2017).

- 4: Quality education: Ensure inclusive and equitable
quality education and promote lifelong learning oppor-
tunities for all. (617 million ¢hildren and adolescents lack
minimum level in reading and mathematics).

- 5: Gender quality: Achieve gender equality and em-
power all women and girls. (1/3 women has experienced
physical or sexual violence).

- 6: Clean water and sanitation: Ensure availability and
sustainable management of water and sanitation for all.
(Water scarcity affects nowadays more than 40% of the
world’s population).

- 7: Affordable and clean energy: Ensure access to af-
fordable, reliable, sustainable and modern energy for all.
(3 billion people still lack clean cooking fuels and tech-
nologies).

- 8: Decent work and economic growth: Promote sus-
tained, inclusive and sustainable economic growth, full
and productive employment and decent work for all.
(1/5 of young people are not in employment, training
or education).

- 9: Industry, innovation and infrastructure: Build resil-
ient infrastructure, promote inclusive and sustainable in-
dustrialization and foster innovation. (Roads, sanitation,
water and electricity are still scarce in many developing
countries).

- 10: Reduced inequalities: Reduce inequality within and

|16

among countries. (The poorest 40% of the population
earn less than 25% of the global income).

- 11: Sustainable cities and communities: Make cities and
human settlement inclusive, safe, resilient and sustaina-
ble. (9/10 urban residents are in contact with polluted
air).

- 12: Responsible consumption and production: Ensure
sustainable consumption and production patterns. (By
2050, it is estimated that almost 3 planets could be re-
quired in order to maintain the current lifestyles).

- 13: Climate action: Take urgent action to combat cli-
mate c¢hange and its impacts. (Global CO2 emissions
have increased by almost 50% since 1990).

- 14: Life below water: Conserve and sustainably use the
oceans, seas and marine resources for sustainable de-
velopment. (Over 3 billion people depend on coastal and
marine biodiversity for their livelihoods).

- 15: Life on land: Protect, restore and promote sustain-
able use of terrestrial ecosystems, sustainably manage
forests, combat desertification, and halt and reverse
land degradation and halt biodiversity loss. (Forest are
the habitat for more than 80% of all terrestrial species of
animals, insects and plants).

- 16: Peace, justice and strong institutions: Promote
peaceful and inclusive societies for sustainable develop-
ment, provide access to justice for all and build effective,
accountable and inclusive institutions at all levels. (In
2018, the number of people fleeing from war, conflict
and persecution exceeded 70 million).

- 17: Partnerships: Strengthen the means of implemen-
tation and revitalize the global partnership for sustaina-
ble development. (Achieving SDGs could create around
380 million new jobs and open up 12 trillion (US dollars)
of market opportunities by 2030).

Due to broad sense and complexity of addressing each
SDG, there are several indicators that help to stablish
little targets and doable accomplishments. Indicators ex-
press the relationship between entities and their impact
on sustainable development, so that performance can
be tracked over time. Some of the achievable indicators
within the project boundary is displayed in ¢hapter 9.2.2
Achievement of SDGs (indicators).

Sustainable Development Goals are deeply connected
with the term sustainability, in which as described before,
they deal with topics related to economic, environmental
and social aspect. However, in the following paragraphs, a
lack of social aspect is observed in the SDGs in the Dutc¢h
context.

Figure 2.1.2.1 shows the situation in The Netherlands, in
which green colour refers to the trend moving towards an
increase in well-being, whereas the red colour refers to
its decrease. As it can be observed, the better steps and
positive trends in the country are related to the goals 2, 5,
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6, 8 and 9.3. On the contrary, the current declining trends
occur in the goals 3, 9.1, 10.1, 11.1, 14 and 15, in whic¢h
efforts were being reduced.

The majority of these last percentages regarding SDGs,
are related to social aspects, in whi¢h The Netherlands
seems to need to improve social cohesion, enhance com-
munity feeling and improve people well-being in general.

Figure 2.1.2.2 gives an overview of the trends of all indi-
cators measured, which are divided into 4 categories. The
highlighted goals are the areas of opportunities regard-
ing social aspects that could be introduced in this thesis,
based on the low results from Figure 2.1.2.1.

However, even though the previous graphs give an over-
view of the situation in the Dut¢h country, it does not
show its position within the broader 2030 goal frame con-
text.

Figure 2.1.2.3 is used as an analytical tool to assist coun-
tries for identifying strengths and weaknesses across the
SDGs goals. It represents that around 26 of the 2030 tar-
gets have been achieved in The Netherlands, and many
of the remaining goals have small distances for being
achieved. Nevertheless, some c¢hallenges still persisting
and obstructing for meeting the targets, such as high en-
vironmental pressure on soils (target 2.4) and high rates
of tobacco consumption (target 3.a) (OECD, 2019).
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Figure 2.1.2.3: The Netherlands’ distance from achieving each SDG tar-
get. (The longer the bar, the shorter the distance still to be travelled to
reach 2030 target) (Source: OECD, 2019).

Being more specific, the following figure 2.1.2.4 shows
the position of the Dutc¢h country in relation to the OECD
average. For instance, it represents that The Netherlands
is in general very close to reaching goals regarding Plan-
et (water, sustainable production, climate, oceans, bio-
diversity), People (poverty eradication) and Partnership
(implementation). Moreover, it shows that the country
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significantly surpasses the OECD average in People (pov-
erty eradication, education, gender equality; goal 1, 4,
5), Planet (water; goal 6), Prosperity (reduce inequalities;
goal 10), Peace (institutions; goal 16) and Partnership (im-
plementation; goal 17). (OECD, 2019).

Nevertheless, the Figure 2.1.2.4 shows that great efforts
in People (food, gender equality: goal 2, 5) and Prosperity
(economy; goal 8) need to be increased. Moreover, Dut¢h
targets are similar or below the OECD average in for exam-
ple People (food), Planet (Climate) and Prosperity (ener-
gy, cities), meaning that the country should neither loose
track of these targets.

Therefore as a conclusion, the combination of both fac-
tors; Dutch distance to achieve 2030 target and the po-
sition in relation to OECD average, should highlight the
necessity of joining efforts for keeping the rhythm of right
measures at maximum level and finding new efficient
measures for minimising big distances from 2030 targets.

Figure 2.1.2.4: The Netherlands’ average distance to targets at goal level
and OECD average. (The longer the bar, the shorter the distance to reach
each SDG. Distances measures in standardised units, being 0 the level for
2030 has already been reached and 3 is the distance which most of OECD
countries have already travelled) (Source: OECD, 2019).

2.1.3 CENTRALIZATION VS DECENTRALIZATION

- Centralization:

The way centralization is referred in this thesis is mainly
about the concentration of resources, in which for exam-
ple the generation of energy or waste treatment is cen-
tralized in one unique system rather than spread through
several ones. That is to say, in a city, one unique and com-
mon source provides service for the rest of consumers (ar-
eas or neighbourhoods).

However, this centralization system carries several prob-
lems, for example the main ones:

- Pollution: Areas or neighbourhoods closer to the com-
mon source are more polluted than the areas located
further.

- Differences between areas or neighbourhoods: There
is no equal distribution between the areas, in which
demand and services vary. Moreover, neighbourhoods
closer to the source would have greater benefits than
areas located further from the source.

- More complexity and bigger: Due to one unique source,
larger and more complex equipment is needed for fulfill-
ing the requirements of the entire city.

- Collapse: If one of the distribution lines is broken or
obstructed, the affected area is completed isolated and
without any supply and help.
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neighbour-
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z
©
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Figure 2.1.3.1: Centralization concept (city scale).

- Decetralization:

One of the main factors that have led towards an urban
decentralization was the steam power, railroad construc-
tions and consequently the introduction of car subways,
which allowed moving goods and people between cities
and suburban areas. This decentralization tendency has
been occurring since 60 or 70 years, in which cities had a
greater emphasis on the expansion towards peripheries
areas rather than the rebuild of city centres. (Hoyt, 1940).

The disadvantages of centralization disappear in decen-
tralized systems because every small area or neighbour-
hood would have its own source or supply, and would
operate independently from eac¢h other. So several advan-
tages of decentralization system are:

- Pollution: Less distance between production-consump-
tion will be needed, resulting in less transportation loss
and CO2 emissions.

- Equality: There is an equal distribution among different
areas, having similar local facilities and services.

- Simpler and smaller: More simple and smaller equip-
ment of the source is needed.

- Independence: If the main line is broken, the local ener-
gy production, for example, will still providing its service
to the area.

- Local well-being and general problems will be much
easier to address from a local perspective point of view.
- Reduction of resources consumption due to the smaller
area, resulting in a more realistic way to achieve a bal-
anced system between offer and demand, for example
neutral energy: local demand balanced with local energy
production.

The way civilization generates, distributes and consumes
sources is changing. The scale and rate of this change is
one of the major challenges of the current cities situation,
but also brings opportunities in social, environmental
and economic aspects. Therefore decentralization seems
to be a good option for assuming the current challenges
world is facing, in which solutions are addressed from a
local perspective point of view, allowing each area to de-
velop its own community belonging and culture feelings,
at the same time as improving environmental, economic
and administrative aspects.

Moreover, decentralization can solve not only local scale
(neighbourhoods or small areas) but also bigger scale
such as cities by a repetitive pattern, similar to a modular
approach.
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Figure 2.1.3.2: Decentralization concept (local scale) as a solution for city
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2.2 | PROBLEM ANALYSIS

2.2.1 LIMITATIONS OF THE CIRCULAR ECONOMY (CE)

Very briefly and as already known, humans have been
always developed and based its evolution on the linear
model (LM), whic¢h is established around “take, make,
consume and dispose” pattern. Within this model, all ma-
terials and products have an end of life, resulting in a high
amount of waste, consumption and faster depletion of
resources. However, since the past decade, other ideol-
ogies have been searched but they were still producing a
considerable amount of waste. The last movement to ap-
pear is the circular economy (CE), which differs from the
LM in the preservation of the value. The circular economy
uses renewable energy and follows the 3R (reduce, reuse
and recycle), so the use of natural resources and waste is
minimized, the products are put back to the cycle ¢hain
giving them a second opportunity, and raw materials are
recycled to the high standard (Hetgroenebrein, 2019).

So, the circular economy has gained recently more attrac-
tion, believing that it is the solution for the current linear
system and global ¢hallenges.

Nowadays it is a very popular concept supported by the
EU and promoted by several national business and com-
panies around the world. In comparison to the LM, in
which the main objective is focused on profitability (Fig-
ure 2.2.1.1), the CE is an operating model that ensures the
economy does not harm the natural environment, giving
to the planet much more than it takes from it. But the
implementation of the CE requires resources, money and
informational flows, among others, whic¢h result in a slow
and difficult economy model transition.

Although CE has plenty of benefits, it presents certain lim-
itations when talking about sustainability, which consists
on the balance of 3 aspects: economy, environment and
social. Within CE model, there has been a greater empha-
sis on maximising resources and labour productivity in
order to get more efficient answers rather than effective
ones, so focusing mostly on economical and environmen-
tal aspects, and leaving some important social points such
as specific benefits for end-users (Robinson, 2017).

On the other hand, the objectives of social enterprises
(SE) or actions are generally focused on creating a social
impac while earning some money with their actions, so
mainly social and economic aspects, forgetting most of
the time the potential damages for the environment (Fig-
ure 2.2.1.1). They tackle societal problems by improving
the situation and providing opportunities for any kind of
disadvantaged people (c¢hildren and old people, disabled,
homeless, refugees, crime victims...), at the same time as
strengthening the communities.

So, social circular economy (SCE) is a new term that com-
bines the last two concepts (CE and SE), where organiza-
tions follow CE principles and also have social missions
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for providing benefits for people, planet and profit, thus
meeting the total sustainability concept and objectives
(Figure 2.2.1.1). Its aim is to inspire people to rethink, re-
design and achieve a positive future through SCE princi-
ples, which provide the great conditions for enhancing in-
novation and creativity for solving the societal, economic
and environmental needs (Robinson, 2017).

Linear model (LM)
(NON sustainability)

N

[/

Environ-

mental

Circular economy (CE)
(PARTIAL sustainability)

Social enterprise (SE)
(PARTIAL sustainability)

Social circular economy (SCE)
(TOTAL sustainability)

Figure 2.2.1.1: Sustainability achieved in LM, CE, SE and SCE.

A circular ecosystem will have a combination of the natu-
ral and social cycles (as occurs with SCE), whic¢h will ena-
ble to achieve the final and balanced prosperity.
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Figure 2.2.1.2: Final prosperity when applying SCE, with natural (CE) and
social flows (SE) (source: Robinson, 2017).
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2.2.2 CIRCULAR ECONOMY VS SOCIAL CIRCULAR ECONOMY

The main difference between the Circular Economy (CE)
and Social Circular Economy (SCE) rely on the introduction
and consideration of the social aspect.

One useful example in order to understand better the
main difference is when substituting robots operations
by refugee women. In the CE, robots can repair mobile
phones ¢heaper and faster than the current LM, allowing
to achieve only one sustainable development goal (SDG).
However, if more focus on the right people is given and
machines are replaced for example by 5 refugee women
doing also those repairs, 3 SDGs could be now achieved.
This ¢hange would result of course in slightly lower effi-
ciency of the process, but would allow the following ad-
vantages and their respective benefits for society (Robin-
son, 2017):

- Inclusivity of women and disadvantaged people (im-
proving inequalities and integrating disadvantaged peo-
ple on society, fight for women rights, ...)

- This refugee women would have now income for living
and being independent (reducing government’s expens-
es, ..)

- If they earn money, they would spend it locally rather
than sending the money to a foreign bank in the case of
robots (thriving local economy;, ...).

ROBOTS:

- Cheaper than LM
- Fast than LM

|

Environ-

mental

Circular economy (CE)

(independent)

mental

Social circular economy (SCE)

Figure 2.2.2.1: Comparison between CE and SCE.

- Income to foreign bank
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SCE would not only consider the social and economic
aspects, but also the importance of preserving nature
through its actions. Every aspect of sustainability receive
benefits, for example:

-Society: Reduction of inequalities and support for disad-
vantaged population, while lowering government costs.
‘Environment: Fewer emissions and extracted raw ma-
terials.

‘Economy: Higher net material savings, mitigation of
price risk and employment.

Moreover, SCE also recognises that more creation of val-
ue and more local and distributed solutions are keys for
achieving sustainability.

In traditional economies, the massive production has
been always concentrated in one location, allowing eco-
nomical growth and benefits, but also risks regarding
social and environmental consequences. The concentra-
tion of values can generate inequalities in the economic,
environmental and social aspects, because fewer people
would have access to those values. Additionally, exploita-
tion and movement of resources in larger scales involve
an increase in costs (Robinson, 2017).

Therefore, SCE defends the necessity of the focus on the
local scale, having some similarities with the previous
concept of decentralization.

-~ 1SDG:

-SDG 12: Responsible consumption & produc-
tion

—— > 3SDGs:

-SDG 5: Gender equality
-SDG 8: Decent work & economic growth
-SDG 10: Reduced inequalities

- Spend on local economy



2.2.3 WELL-BEING IN THE NETHERLANDS

As described before, the level of well-being not only af-
fects individually to people or community but also the rest
of the pillars of sustainability. In the end, declines in social
aspects result in a general life’s disequilibrium, altering re-
duction of efficiency and growth.

In order to understand this important dimension of sus-
tainability within the thesis scope, well-being in the Dutch
context is being analysed.

The Organisation for Economic Co-operation and Devel-
opment (OECD) is a group of 34 democratic countries that
explores and develop economic and social policies.

It has developed a tool called Better Life Index (BLI), in
which different topics related to well-being are able to be
measured in many worldwide countries. How’s life is the
statistic report that is released every two years and de-
scribes the essential aspects of life that influence people’s
well-being. It presents 11 dimensions and around 80 in-
dicators, covering current well-being results, inequalities
and resources for future well-being progress.

In general since 2010, people’s well-being has improved
in many ways but progress has been slowed down or de-
creased in other aspects, such as people connectivity with
each other and their government. One of the problems of
well-being outcomes relies on the big gaps that exist by
gender, education and age. In fact, OECD countries that
achieve good results on average, they have also great
equality standards between population groups and fewer
people living in deprivation (OECD, 2020).

Figure 2.2.3.1 shows the Dutch relative strengths and
weaknesses in well-being, being the longer bars the bet-

ter outcomes and vice-versa.
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Figure 2.2.3.1: Overall Netherlands’s current well-being, 2018 (Source:
OECD, 2020).

In comparison to other countries, The Netherlands
achieves a good performance in many measures regard-
ing the Better Life Index, represented by Figure 2.2.3.2.
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For instance, the country ranks top in work-life balance
and is above average in jobs and earnings, education and
skills, housing, social connections, environmental quali-
ty, personal security, health status, civic engagement and
subjective well-being. However, it has a position below
average in wealth and income (OECD, 2020).

'h_!:_n\:sing ¥

I o
J:n:lome Health
lobs | Life Satisfaction

|
Co_m munity ?a\fety
|
E tion I \."\.’_ork—i_ife Balance
| |

Environment

Figure 2.2.3.2: Comparison of Netherlands’s performance in several top-
ics of Better Life Index (Source: OECD, 2020).

Not all the aspects represented in Figure 2.2.3.2 are of
interest of this research, therefore a focus and more detail
information about the following points is aimed:

- Income:

Money cannot buy happiness but it plays an important
role in achieving higher living standards. Dutch people
have a lower income per capita than the OECD average,
but in terms of employment, the country (76%) is above
the OECD employment average (68%) (OECD, 2020).

- Community performance:

Regarding social well-being, there is a strong community
feeling and high rate of civic participation among Dutch
people, in which 91% of citizens believe to have someone
who trusts in case of necessity, being above OECD aver-
age of 89%. A strong social network or community can
not only provide emotional support during bad and good
times, but also job opportunities, services and others.

In general, Dut¢h people feel more satisfied (rate of
7.4) with their lives than the OECD average (6.5) (Figure
2.2.3.3).

- Life satisfaction:

Measuring feelings can be hard and subjective, but it can
help for obtaining valuable information regarding the
quality of life. It can provide a personal evaluation on
an individual’s education, income, personal fulfilment,
health and social conditions, to name a few. Surveys or
interviews, for example, can be very useful for measuring
life satisfaction and happiness.

Dutc¢h people have qualified their general satisfaction in
life about 7.4, being above the OECD average of 6.5 (Fig-
ure 2.2.3.4) (OECD, 2020).
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Figure 2.2.3.3: Dutch community per- Figure 2.2.3.4: Dutch life satis-
formance according to Better Life In- faction performance according to
dex (Source: OECD, 2020). Better Life Index (S: OECD, 2020).

- Health:

In relation to health, the quality of the local living environ-
ment is crucial, having a direct impact on personal health
and well-being. An unspoiled environment is a source
of satisfaction, enhancing mental well-being, allowing
to perform physical activities and distressing from dairy
life. Having the chance and access for enjoying greenery
spaces, for example, is an important aspect of quality of
life. Moreover, the economy not only relies on productive
and healthy workers, but also on natural resources such
as timber, plants, crops, water, fish, etc. Therefore is the
duty of each country to preserve the natural environment
for present and future generations (OECD, 2020).

- Environment:

The level of atmospheric PM2.5 (tiny air pollutant parti-
cles that cause damage to the lungs) has been monitored
by OECD countries due to its influence on the reduction of
life expectancy and harm to humans. In some countries,
the proportion of the population exposed to PM2.5 has
been reduced. However, in half of the countries, around
90% of the population is still under the exposure of these
concentrations, being above the World Health Organiza-
tion guideline limit of 10 micrograms/m3.

In The Netherlands, people have a life expectancy of 82
years, being 2 years above the OECD average. The level of

atmospheric PM2.5 is 14.0 micrograms/m3, slightly high-
er than the OECD average of 13.9 micrograms/m3.
Similarly, access to clean water is important for human
well-being. The ¢hallenge is set on how to manage it effi-
ciently in order to satisfy and meet the demands of each
country.

Water quality in the country is great and Dutc¢h people
feel satisfied (93%), being above OECD average of 81%.

Air pollution Water quality
14 micrograms 93.1%
23 /A I 7./ 40

Figure 2.2.3.5: Dutch environment performance according to Better Life
Index (Source: OECD, 2020).

In general, although the majority of Dutch population per-
ceives their well-being as good or enough, there is a mi-
nority of the population that still suffers from deprivation,
as represented in Figure 2.2.3.6 (OECD, 2020).
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Figure 2.2.3.6: Deprivations in selected indicators of current well-be-
ing, The Netherlands 2018 (Source: OECD, 2020).

Even though the average of the Dutch population achieve
good performance in well-being, the fact is that not all
areas and territories have the same circumstances.

As analysed in previous chapters, Spangen is one of the
most degraded, experiencing mainly social issues and re-
sulting in (Gemeente Rotterdam, n.d.b):

Deprivation and poverty - Low quality of life

- Crime and vandalism is- - Social exclusion

sues - Feeling of isolation and
- Inequality and segrega- loneliness

tion of communities -Low satisfaction

Therefore, great efforts should be focused on people
well-being in order to improve their life’s satisfaction,
interconnection and relationships, integration, etc. By fo-
cusing on this aspect, the other two would be much easier
to address within this socio-economical circumstances.
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2.2.4 DEFINITION OF FLOWS

The ambition of the government of The Netherlands is to
adopt a completely circular system by 2050, reducing the
use of primary resources at 50% (Government NL, 2018).
Circular economy not only deals with technical and raw
materials, but also the rest of the relevant flows inside the
built environment, such as energy, air quality, water and
topsoil (and recently: space). All these main five sourc-
es are consumed and exploited (fossil fuels), others are
contaminated (water and air), and others are degraded
or even lost (soil and organic materials) (Luscuere, 2018).

In this thesis, these five flows are being referred to with-
in the built environment context, discarding other fields
and disciplines. They are generally described for getting
a better understanding of the current situation and find
possible spaces for improvement according to sustaina-
ble measures. Later on (chapter 05 Analytical framework)
and after further analysis, the essential flows of interest
will be selected for narrowing down this report.

- Material flows:

In general, the largest part of the construction waste is
derived from demolition projects, being 53% of its waste
recovered and recycled in the EU (2016) but representing
a circularity rate of only around 12% (Eurostat, 2019).

It seems that The Netherlands has been leading in terms
of recyclability (Schut, Crielaard & Mesman, 2015) be-
cause 95% of their building materials waste are being re-
cycled and reused as foundations or as a filling material
in the civil engineering sector. But this process still not
totally circular because it does not recover the value of
the materials, thus should be called downcycling.

So, the building construction sector reuses only 3-4% of
its waste, thus the rest of materials still come from pri-
mary resources. For the past 20 years, the civil engineer-
ing sector and the recycling industry, has covered the real
problem of the building industry waste but it has reached
a considerable saturation of reused materials due to the
reduction of the demand of this type of constructions.
Moreover, nowadays waste problem has been recognized
due to the high environmental impact caused by the pro-
duction of building materials, so awareness for develop-
ing a strategic waste management plan has been raised
(Schut et al.,2015)

For example, building materials account for 40-50% of an
standard office building’s carbon footprint and producing
cement and steel can consume around 80% of energy dur-
ing construction (World Economic Forum, 2018). Around
40% of all global mineral’s extraction is used only in the
built environment, and their extraction and production
process are responsible for 15-20% of human global C02
emissions, accounting for a 25-40% in the total building
sector (Schut et al., 2015; Pomponi & Moncaster, 2017).
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Therefore it is clear that building sector should not con-
tinue using the classical methods, where materials are
consumed faster than they are grown, but change into a
more holistic system approach and circular optimization
for the design, construction, maintenance, operation and
end of life buildings.

- Water flows:

Freshwater is a finite vital source for organizations and
communities for their survival, and is currently one of the
main problems that many regions are facing around the
world, decreasing progressively its access and affecting
to around 2 billion people. This issue is estimated to get
worse by 2050, where at least one out of four people will
live in a country affected by shortage of freshwater (Kise-
lev, Magaril & Rada, 2019).

Water is being mainly used in these traditional areas: agri-
culture, municipality, environment and industry, needing
to put efforts on the last one due to downcycling process
(Arup & Antea Group, 2018). Despite all the progress of
OECD countries in reducing water pollution, agriculture
and urban run-offs remain a challenge (OECD, 2020).

The linear model (LM) and its consequent climate change
have put limited water resources under pressure. The lack
of sanitation services in some areas and the improper or
limited treatment of the wastewater treatment plants
(WWTP) generates organic elements and harmful nutri-
ents for human health (nitrates and phosphates). Accord-
ing to UNESCO, only 20% of global wastewater is treated
properly in WWTP, generating around 140 million tons
of dry matter sewage sludge (Kiselev et al., 2019). New
WWTP could reduce pollutants and harmful elements but
at the same time it would increase energy consumption,
expected to rise up to 44% by 2030, thus putting again
pressure on the environment.

In The Netherlands, around 99% of the household waste-
water is treated but the problem relies on sectors such
as cooling in electricity production (56% of freshwater),
followed by manufacturing (28%) or public water supply
(11%). The Dutch government seems relaxed about water
awareness, needing to provide rainwater collection meas-
ures and fight against the climate change in all the aspects
of the circular economy (Climate change post, 2019).

Different wastewater management solutions and wa-
ter flows studies are being developed around the world,
demonstrating the necessity for a sustainable and friend-
ly solution from an environmental, economic and energy
point of view, but actions still not enough (Kiselev et al.,
2019, p. 109). So, sustainable water treatment manage-
ment is a global challenging task, being likely to be the
key to preserve freshwater sources for global and local
demand long term and decrease energy consumption.

- Topsoil flows:
Soil is the fragile skin of the Earth where life occurs, and is

one of the most valuable resources for the human being.
It is becoming severely degraded due to a combination of
unusual natural processes induced by climate change (un-
usual rain, snow, flood...) and intensive farming, resulting
in these harm and degradation processes (Usman, 2011):
- Physical: Crusting, compaction, erosion, desertification,
environmental pollution, degradation etc.
- Chemical: Acidification, salinization, infertility, etc
- Biological: Reduction of biomass carbon and biodiver-
sity of land.

The consequences of these are a severe decline of soil
quality, fertility and release of organic carbon, leading to
a reduction of agricultural activity and contribution to cli-
mate change through the increase of greenhouse emis-
sions. The physical process is the most serious one, not
only affecting fertile land issues but also streams, rivers
and species due to sedimentation, obstruction of natural
water flows, permeability (flooding), etc. Moreover, ac-
cording to experts, 3% of the Earth’s surface is suitable for
farming and around 75 billion tonnes of fertile soil is being
degraded and lost every year (Harrabin, 2019). So consid-
ering population growth and other current climate trends,
the next question arisen is the possibility to still feed the
new 9 billion population by 2050 through natural sources.

The topsoil in The Netherlands is artificial, but fertile and
wet due to its characteristic geographic location in a delta.
The land use is intensive, being one of the highest agricul-
tural production levels per unit surface in the world.
Water and soil are vital elements that are very connected
because around two-thirds of the freshwater is held in the
land in the form of soil moisture (ISRIC, 2019). Moreover,
soil not only allows biodiversity, habitat and farming, but
also storage, filtration and transformation of substances,
development of human activities and supply of raw mate-
rials. So in general terms, soil provides the basic platform
for the living species and the human development, there-
fore restoration measures and soil management should
be found and changed in order to preserve it.

Agricultural land 63,4%
® Woodlands 9,7%
® Housing 6,6%

Inland waterways 5,2%

o Natural terrain 41%
. the Netherlands ® Other built
environment 3,8%

® |nfrastructure 3,3%
® Recreational

space 2,9%
® Construction
development 1,0%

Figure 2.2.4.1: Land use in Netherlands in 2012 (Source: Vewin, 2017).

In the next chapters, the importance of topsoil will be re-
placed by food flows, which is in line with the thesis topic.
The European Commission is taking seriously the issue
of tackling the food waste, because is not only a loss of
food but also the resources for producing it, which is
becoming even more scarce (European Commission,
2019b). According to the United Nations Food and Agri-
culture Organization (FAO), around 33% of perfectly good
food is never eaten and goes to the bins, accounting for
270,000 tons/year and a value cost of 2.9 trillion euros/
year. Meanwhile, 9% of Europeans cannot afford a quality
meal every two days, which causes a big contrast with the
ambition of SDG (Zero Hunger by 2030) (Krammer, 2019).
Particularly in 2015, the total amount of food waste in
the Netherlands was around 2 billion kilos, being 40 kg
of waste food per person/year, and causing a loss costs of
145 euros/person/year (Van Dooren, 2018).

Therefore, the EU countries are committed to meet the
Sustainable Development Goals (SDG), which one of the
objectives consist on the reduction by 50% per capita
food waste at the retail and consumer level by 2030 and
reduce food losses through the food production and sup-
ply chains (European Commission, 2019b). Having this in
mind, along with the objective of The Netherlands for be-
coming the first European country to achieve 50% food
waste reduction by 2050 (Government NL, 2018), Lidl
supermarket has the opportunity become the first ze-
ro-waste supermarket and improve its commercial opera-
tions from a sustainable and circular perspective.

- Energy flows:
It is estimated that more than a million TJ of energy is

consumed every day, reaching its limits and exacerbated
mainly by global population growth and development of
industrialization. However, there are inequalities around
the world, being 1.2 billion people who still do not have
access to proper and modern energy services and 3 billion
people who still relying on archaic methods (Gray, 2017).
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Figure 2.2.4.2: Global increase of primary energy consumption. Renew-
able energy production grew significantly but not as much as the total
increase of the rest (Source: BP, 2019).
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There is a prediction for 2040 in which global energy de-
mand will have increased by almost 50%, focusing the
challenge on cooling system coming from India or China,
which consumption will surpass the heating (Gray, 2017).

The major problem that humanity faces is not only cli-
mate change, but also the depletion of natural resources
reserves and raw materials, due to the completely de-
pendency on finite fossil resources for human develop-
ment. Scientists around the world state that the unique
solution would be to stop relying on fossil fuels, so other
ways of energy savings methods and green energy pro-
duction were searched and developed in order to build
a completely self-sufficient energy system and for a long
term (Gray, 2017). However, despite the rapid growth of
renewable energy in recent years, it only provides around
a third of the total increase in power generation. Over a
half of the energy still comes from fossil fuels, achieving
since it has started in 1850, a total extraction of crude oil
over 135 billion tonnes (Gray, 2017; BP, 2019).

In the built environment, the building code dictated some
solutions and additionally, awareness among citizens has
been increased, resulting in new energy-saving devices,
sustainable construction materials or smart designs for
achieving greater efficiency and lower consumption.

The Netherlands has dictated though the Dutch building
code, minimum rules for the energy performance of build-
ings (energy performance coefficient, EPC) since 1995, im-
proving the value from 1.4 in 1996 to 0.4 in 2015 and 0.0
in 2020 (Jansen, Luscuere, Tenpierik, Geldermans, 2016).
“Energy neutrality” in a building occurs when the annual
building-related energy (BRE) consumption is balanced
and compensated with the production of green energy of
the building itself (EPC= 0), without considering the us-
er-related energy consumption (URE) (Jansen et al, 2016).
However, URE is not generally considered in EPC calcu-
lations, so in order to go one step further and beyond
“standard energy neutrality”, other types of calculations
that include the URE and operational energy have arisen,
such as the Dutch Nul-op-de-meter (NoM), achieving now
“energy positive” values and therefore, a below zero EPC
results (Rijksdienst voor Ondernemend Nederland, 2014).

- Air flows:

Indoor but mostly outdoor air pollution is not only a big
worldwide problem that affects the environment and
health (diseases, extra expenses for treatments, unwant-
ed deaths and reduction of life expectancy) but also busi-
ness market productivity and people quality of life. Urban
pollution is linked to health problems such as eye irrita-
tion, dementia, diabetes or chronic respiratory disease
(asthma, lung cancer,...) (OECD, 2020).

Despite all the measures for decreasing pollutant emis-
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sions, in general, the impact of urban air pollution contin-
ues to get worse, becoming probably the main environ-
mental cause of premature deaths by 2050 (OECD, 2020).
It is considered that the global health costs associated
with air pollution are over 5 trillion dollars/year and addi-
tional it is has increased in 3.5% in 2013. Moreover, there
was around 3 million premature deaths in 2012 due to
outdoor polluted air, being mostly concentrated in low
and middle-income countries (87%).

In The Netherlands, this air issue caused in 2015 around
1,900 premature deaths due to nitrogen dioxide, 9,800
due to fine particulate matter concentrations and 290 due
to ozone concentration, ending with a general number of
12,000 in 2017 (Stone, 2017; World Health Organization
(WHO), 2018; European Commission, 2019a). Only the ex-
posure to particular matter has been responsible for 4%
of the diseases in the country and 80% if considering the
exposure to all types of polluted air (TNO, 2019).

In the Netherlands, industrial processes, traffic and agri-
culture are the largest air contaminants, being the indus-
trial combustions the largest contributors of SOx (over
60%) and agriculture causing a total damage cost of 6.5
billion euros/year through harmful substances emissions
(Zoppi, 2019; WHO, 2018). Although new vehicles are
becoming less polluting due to high level of electric car
implementation, traffic levels and heavy vehicles have in-
creased in the country.

The Dutch government has been invested and made
positive improvements since 2000, being able to reduce
heavy metals emissions and achieving a reduction of -50%
of lead, -49% mercury, -34% of cadmium, etc. However,
the most harmful particle, the finer particulate matter has
not been addressed due to inefficient standard measures
(OECD, 2015). Due to EU air quality guidelines and reg-
ulations, with strict limit values for air pollutant concen-
trations, the country has achieved reducing harmful and
suspended particles since 2000 by around 48% for PM2.5
and by 32% for PM10 (WHO, 2018). However, these quan-
tities, together with C02, NH3 (ammonia), NOx (nitrogen
oxides) and VOC (volatile organic compounds), are still
over the EU limitations in some regions of the country,
thus still considered the most contaminated of Europe in
terms of PM2.5 and PM10 (Luscuere, 2018).

Air pollution is another challenging factor that should not
be underestimated but considered, and additionally, it
could be simply and indirectly improved by the implemen-
tation of the CE concepts.

2.3 | THE LIDL SUPERMARKET

2.3.1 COMPANY PROFILE

- Why a supermarket?:

The role of supermarkets and grocery stores is important
because they act as a connector between the supply and

'Iﬁ t‘:&
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Figure 2.3.1.1: General food supply chain (Source: https://www.sketch-
bubble.com/en/presentation-food-supply-chain.html).

Supermarkets play an important role inside the society
and neighbourhood, accounting for around 85% of the
grocery market and having enough power to influence
people on their behaviour and buying practice (Bourlakis,
Weightman, 2004).

One important point is the lack of social aspects, because
the bigger the supermarket, the less communication and
interaction between people (Erwin & Brownson, 2017).
Therefore, Lidl supermarket could play a key role inside
the neighbourhood for improving the social atmosphere,
Lidl’s profits, enhancing people’s satisfaction and well-be-
ing within the community. For this reason, this thesis will
try to implement the circular economy principles from
Lidl supermarket’s perspective, functioning as a social and
sustainable hub for the surrounding environment.

- Company profile:

Lidl is a German global discount supermarket chain that
operates around 10,800 stores across The USA and EU.

It was founded in 1930 as a wholesaler of fruits and veg-
etables and since then, it became into a general food
wholesaler, opening its first store in the 1973 (Lidl, 2019).
In 2015, it became the largest supermarket of EU and in
2016, Lidl opened its online website (Lidl, 2015).
Nowadays, Lidl supermarkets are part of the Schwarz
Group, which is considered one of the largest food retail
companies in Europe abroad. The active presence of Lidl
is mainly in Western and Central countries of Europe (32
countries) but it is aimed to expand towards the Eastern
part of EU and North America, which openings already
started in 2017 (Wikipedia, 2019a).

The first two branch offices of Lidl in The Netherlands were
opened in October 1997 and nowadays it is considered
the third most important supermarket in the panorama of
Dutch supermarkets (Albert Heijn (35% in 2019), Jumbo
(21%, Lidl (10.7%), Aldi (5.9%)...), having over 420 stores,
6 distribution centres and 19,000 employees distributed
through the whole country. Branches in The Netherlands
are owned or completely rented by Lidl and are centrally
managed from the head office in Utrecht (Statista, 2020).
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Figure 2.3.1.2: Lidl supermarkets (yellow circles) and 6 distribution cen-
tres (white DC circles) located around The Netherlands. The main office is
located in Huizen, Utrecht (Lidl icon) (Source: https.//www.werkenbijlid|.
nl/lidl-als-werkgever/onze-locaties).

Lidl supermarkets function as a grocery discount segment
within the retail industry, offering very low-cost products
compared to the other conventional supermarkets. Push-
ing prices down is achieved due to one of its measures
based on the “pass-the-savings-to-the-consumer”, where
products are displayed and sold in the original box and
pallets. Moreover, Lidl distributes many low priced gour-
met foods by producing them either in one EU country
or where the store is located, making also customized
purchasing contracts with their suppliers. Lidl counts on
around 1,800 products, including food products nation-
ally regulated, such as fresh vegetables, bread and milk
products, but also non-food products that are regulated
from EU, such as kitchen equipment and clothes. There-
fore, smaller product range, the restricted offer of brand-
ed goods and cost-efficient management, among others,
are the key to its success.

The company has a strong commitment for mainly im-
proving its model business, fighting for the reduction of
food waste, creating a new health plan for the employees,
making the diet easy and affordable for everyone, creating
closer bonds between suppliers-government and achiev-
ing high sustainability goals. Therefore, the Lidl sustaina-
ble strategy is planned around 5 main topics (Lidl, 2015):

- Assortment - Employees

- Climate (explained fur- - Society

ther in the next page) - Relationship

Lidl company distributes its products through several
types of stores, which are (Lidl Real Estate, 2020):
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Figure 2.3.1.3: Different types of Lidl stores (Source: Lidl, n.d.).



2.3.2 LIDL NL SUSTAINABILITY PROGRAM

Sustainable climate goals have been established by the
Dutch government, including objectives and measures
such as the increase of energy prices or sustainable
awareness among citizens in order to facilitate the transi-
tion towards the circular economy.

Lidl has taken seriously this necessity so they have been
investing and developing new innovations for reducing
its ecological footprint of their buildings and operational
processes. They are committed to increase their positive
impact on society and the environment through their
current principles, which consist mainly on the modera-
tion use of energy and raw materials, limited waste, an
increase of sustainable products, sustainable construction
and working processes (Lidl, 2015).

Moreover, as required by the Global Reporting Initiative
(GRI) guidelines, the company performed an analysis in
order to determine which issues were relevant for Lidl
and their stakeholders. For example, the following topics
arose:

- Sustainable purchase

- Healthy products

- Food waste

- Working conditions in Lidl
- Energy

- Animal welfare

In the annual year report (2015-2016), Lidl discussed
the improvements and sustainability progress they have
made, showed the figures and percentages of the achieve-
ments and set the new objectives for the coming years.

Among the main current achievements, Lidl state they
have progressed further in sustainability aspects, which
figures are compared to the previous year (Lidl, 2015):

- Logistics improvements: New DC was opened so there
was a reduction in -0.02 Km of transportation/pallet
(4.56 km) which result in -0.001 Kg of C02/package
(0.065 Kg of C02). The charge factor from DC to a branch
decreased in -0.57% (88.63%).

- Recycling: There was a recyclability increase of +1.3%
(91.91%) of plastic materials (PET), organic materials
(paper, waste, wood) or scraps. Recycling value through
packaging disposal guide.

- Social: Annual activities for the neighbourhoods.

- Energy: Energy consumption has decreased -5.07 kWh/
m2 (218.44 kWh/m2) and free charging points for elec-
tric vehicles through solar panels were implemented.
The most sustainable DC in the country was construct-
ed. There was an increase of +12 branches with energy
label A++++, installation of over 20,000 solar panels in
20 branches, 3 DC and head office.
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- Sustainable fruits and vegetables: There was prima-
ry importance the way they are produced, taking into
account factors such as minerals, biodiversity, water
and energy and additionally, the aeroponic production
system was implemented. Moreover, Lidl provides free
fruits for all kids in every branch and to schools, as well
as a donation of around 600,000 Kg to charities and
Food Bank NL.

- Gas disconnection: The majority of branches have
abandoned the gas as a primary resource.

o —
m
Logistics Recycling Social aspects
@
Energy Fruits & veggies Gas

Figure 2.3.2.1: Summary of the Lidl achivements in 2015-2016 (Source:
https://www.flaticon.com/search?word=s0il%20ICON).

However, the main sustainability progress the company
made was focused on the energy aspect. Due to its high
commitment to sustainability, Lidl has performed a great
development and innovation towards energy efficiency
through their buildings and distribution centres, achieving
and improving their DC BREEAM certification from “Excel-
lent” in Heerenveen (2013) to “Exceptional” in Waddinx-
veen (2016) and even further in Oosterhout (2018). More-
over, Lidl supermarkets will also meet the requirements in
order to achieve A++++ energy label, for example as was
the case of the renovated Lidl Stein, whic¢h has been the
first one to obtain that label and thus converted as a ref-
erence for the rest future Lidl supermarkets.

As regards to social aspecs, it is relevant to mention that
the company has improved the benefits for the employ-
ees, who were able to enjoy promotion opportunities,
learning activities, etc. However, a few annual activities
have been organized for the consumers and neighbour-
hoods but mainly focused on some specific districts rather
than improving general customer satisfaction at national
level (Lidl, 2015). Therefore if truly social improvements
are aimed to be achieved within the community, much
more effort and measures would need to be improved,
such as for example the implementation of a new social
space inside the branches.

The main general sustainability targets that Lidl Nether-
land had set for the following year, 2017-2018 were (Fig-
ure 2.3.2.2) (Lidl, 2015; Lidl, 2018):

- Finger footprint: Calculation of own commercial oper-
ations and C02 emissions in order to reduce finger foot-
print.

- Sustainability focused on circularity: Sustainable plan
development of commercial operations focused on cir-
cularity with the help of TU Delft. Focus also on pack-
aging, with a reduction aim of 20% of own brand plastic
packaging, 100% recyclable or reusable packaging by
2025, and 50% recycled content across all packaging.

- Social: Create social value to the lifestyle of the neigh-
bourhood and a more healthy and sustainable envi-
ronment and communities. Moreover, participation in
sustainable campaigns, a social improvement from local
branches and support annual programs for kids devel-
opment in areas of nutrition, nature and culture. More-
over, there have been developing greater goals but only
for the employees, for instance; gender equality, better
lifestyle or participation. More involvement is needed
for enhancing and improving citizen’s well-being.

- Energy: Energy efficiency improvement by 2%/year,
achieving an improvement of 20% in 2020 compared to
2010. By 2020, self-energy production would be more
than 10% and 10 branches/year with solar panels will
be upgraded. Implementation of the new wind turbine
would be before 2018 (delayed), 100% LED in all branch-
es before 2020 and all-new branches will have an energy
label of A++++.

- Food waste: More donations, provide transparency
data, active participation in campaigns for emphasizing
sustainability topics, local participation from stores to
contribute to a sustainable and healthy neighbourhood.
- Gas: Total disconnection from 2018 onwards.

In comparison with achievements and goals, there has
been a considerable increase in the importance of the
social aspects and influence on the surrounded commu-
nity of Lidl branches, but with little real achievements and
commitments. Business cannot succeed in societies that
fail, so social improvements need to be focused and fur-
ther developed not only for employees and own company
operations, but also putting effort in the surrounded com-
munity and the rest of the neighbourhood.

Moreover recently in 2019, Lidl has uploaded its report
about “Corporate due diligence when purchasing the
range”, in which the main focus relies on human rights
and ecology. According to it, one solution in order to ad-
dress this is the implementation and effort in producing
its own brands (Lidl Nederland, 2019). So more social
well-being in the neighbourhood and local perspective
will be relevant and considered for the future design pro-
cess of this thesis. A critical point is about food waste, in
whic¢h measures would need to be addressed from pre-
vention techniques rather than solving it by performing
more donations. This issue will be also considered in the
following ¢hapters.

On the other hand, although Lidl has obtained the great-
est certification of BREEAM and very good energy labels
in some of their buildings, the next sustainable ambition
is to achieve a Zero Lidl supermarket with an Energy per-
formance coefficient (EPC) of around O, including build-
ing-related energy and operational energy consumption
(BRE and URE). However, Lidl should not only be longer
focused on energy aspect, but also in the rest of impor-
tant elements in the environment and thus relevant for
the implementation of the social circular economy and
sustainability targets, such as water, waste, soil, etc, which
will be further developed in the next ¢hapters.
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Figure 2.3.2.2: Summary of the Lidl goals for 2017-2018 (Source: https://www.flaticon.com/search?word=soil%20ICON).
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2.3.3 LIDL GB SUSTAINABILITY PROGRAM

As a summary, Lidl Netherland has set sustainability tar-
gets for 2017-2018, which was represented in Figure
1.2.3.2 (Lidl, 2015):

- Finger footprint - Energy

- Sustainability focused on - Food waste
circularity - Gas

- Social

However, Lidl GB has published a more structured and
detailed report about its ambitions for 2017-2018, being
for the same goal period for Lidl Netherland. The future
achievements and targets of Lidl company should be sim-
ilar in every country, and due to broader information and
perhaps some similarities with Dut¢h population, it was
worth to describe and consider GB ambitions too.

GB ambitions for 2017-2018, as represented in Figure
2.3.3.1, were established around 3 themes, similarly to
sustainability dimensions: Producers, people and planet
(LIdI GB, 2018).
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Figure 2.3.3.1: Lidl UK ambitions for 2017-2018 (Source: LIdl GB, 2018).

For each theme, Lidl GB has mapped priority issues and
set clear ambitions (LIdl GB, 2018), but the detailed de-
scription will be mainly focused on people and planet, as
well as specific topics of interest for the thesis:

-Good for producers: Fair and sustainable way, improv-
ing people and animal lives, long-term food production
and strengthen relationships:

-A- British food and farming
-Goal 1: Investment of British food and farming indus-
try, local business growth.

-B- Supplier relationships: Enable producers to grow and
local sourcing:
-Goal 2: Opportunities for small business to grow.

-C- Human rights and ethical trade.
-D- Animal welfare
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-Good for people: Making safe, affordable and nutritious
food accessible and caring for colleagues and commu-
nities:

-A- Healthy eating: Make healthy food and accessible for
families:
-Goal 1: Increase consumption of fruit and veggies, es-
pecially in ¢hildren (by messaging and promotion)
-Goal 2: Healthier food by reducing sugar and salts.

-B- Charity and community partnerships: Support organ-
izations that fight against the issues most important that
communities face to:
-Goal 3: Donate more quantity to the national ¢harity
partner.
-Goal 4: Donate 5 million meals by 2020 to good causes
though “Feed t back” programme.

-C- Supporting our colleagues: Create environment that
allow colleagues to maximise their potential:
-Goal 5: Improve general gender balance ratio
-Goal 6: Increase woman representation in senior man-
agement positions.
-Goal 7: Conduct employee surveys for measuring and
track employee engagement.
-Goal 8: Develop long-term diversity and inclusion
strategy

-Good for our planet: Promoting sustainable and effi-
cient use of resources, minimising losses though the
food ¢hain:

-A- Climate ¢hange and energy: Promote low economy
based on science-based trajectory for business and work
with suppliers:

-Goal 1: Reduce GHG emissions.

Goal 2: Produce 100% electricity from renewable

sources from 2919.

-B- Food waste: Minimize food loss through value ¢hain
from farm to fork.
-Goal 3: Reduce FW per store by 25% by 2020 and 50%
by 2050, in line with SDG.
-Goal 4: Launc¢h a campaign to influence customers to
reduce FW at home.

-C- Plastic and packaging: Eliminate unnecessary plastic
on products and packaging and support and ensure all
plastic can be recovered and recycled.

-D- Deforestation: Support timber-based products and
packaging from sustainable sources.

- E- Raw materials and seafood: Sources that respects
the environment and improves lives:

-Goal 5: Certified sources by the end of 2020.

2.3.4 LIDL GOALS VS SDGs

By combining the Lidl Netherland and GB targets, the main
following Lidl company ambitions can be summarized.
There has been put a filter according to the boundaries
and possible objectives of this thesis, in which the main
focus was on environmental and social aspects:

- Economical aspects:

- Support and improvement of local business growth.

- Social aspects:

- Consumption of healthier products

- FW reduction at home and food chain, through more do-
nations.

- Gender equality, inclusion and diversity among employ-
ees.

- Environmental aspects:

- Reduction of GHG emissions.
- Electricity from renewable sources.
- Gas disconnection.

- Circularity solutions and certified sources.

Therefore, these goals together with achievable SDGs will
be considered in the future proposal. In order to know the
specific indicators from each goal, chapter 9.2.2 Achieve-
ment of SDGs (indicators) should be read.

The role of SDG in business can be important because
they allow leading companies to demonstrate how their
business can help to advance to sustainable development.
For example, by covering and achieving some SDGs rel-
evant to Lidl, such as health, environmental degradation
or equality, the SDGs could help to communicate busi-
ness strategies with global sustainable priorities. More-
over, by integrating sustainability considerations in their
business operations, companies can have greater bene-
fits for themselves, such as increasing sales, developing
new market segments, improving operational efficiency,
strengthening the brand, stimulating product innovation
or reducing employee turnover, among others (GRI, UN,
WBCSD, 2015).

SUSTAINABILITY

ECONOMY SOCIAL

ENVIRONMENT

Local econo- Food waste Social aspects
my growth

-SDG 8: Decent work -SDG 2: Zero hunger -SDG 3: Good heath
and economic growth ~ -SDG 12: Responsible  and well-being
-SDG 10: Reduced ine- consumption & pro- -SDEG 5: Gender
qualities duction equality
-SDG 17: Partnerships -SDG 10: Reduced ine-
for the goals quality
-SDG 11: Sustainable
cities & communities

Finger footprint  Energy Gas Sustainability focused

on circularity

-SDG  13: -SDG 7: Afforda- -SDG 7: Af- -SDG 6: Clean water
Climate ac- ble & clean en- fordable & and sanitation

tion ergy clean energy  -SDG 11: Sustainable
-SDG 15: -SDG 12: Re- -SDG 13: Cli- citiesand communities
Life onland sponsible con- mate action -SDG 12: Responsible
sumption & consumption & pro-
production duction
-SDG 13: Climate ac-
tion

Table 2.3.4.1: Summary of the Lidl company sustainability goals for 2017-2018 and the respective SDGs that could be achieved for each hypotetical
improvement and measure (Source: https.//www.flaticon.com/search?word=so0il%20ICON).

311



2.4 | CASE STUDY

2.4.1 ROTTERDAM, DELFTSHAVEN & SPANGEN

Due to the free selection of the study case, several criteria
were performed in order to discard different possibilities
and narrow down the final area.

Even though the research criteria were based in simple
but ordered points, this was a rapid and efficient method
for finding the optimum urban area for the thesis:
- 1- Selection of the region and city:
-Circular economy
-Amount of waste
-Quality and quantity of data.

- 2- Selection of district or municipality:
-International people
-Lower middle income
-Low rate of well-being
-People satisfaction

- 3- Selection of neighbourhood & Lidl store:
-Type of Lidl store
-Type of facilities in neighbourhood

1- Selection of the region and city:

Through conducting superficial researc¢h, it was known
that several interesting projects about the circular econ-
omy have been performed in Amsterdam and Rotterdam.
Additionally, it was important to find a location in which
a high amount of waste was produced, mainly focused on
big cities suc¢h as the mentioned above. Moreover, it was
found that Zuid-Holland was a region with a low recycla-
bility rate, thus being an important factor to be consid-
ered in the thesis (European Environment Agency, 2013).
Although the Figure 2.4.1.1 does not represent the total
municipalities of The Netherlands, it provides an over-
view of the recyclability rate of some areas of the country,
discarding the possibility to ¢choose Amsterdam area as a
case study.

Recyeing In the segian Witk Pamggians wiLly limurst Aegon with highest
higrnase Toral generared pmrcurtags of recycliog pereirtage of rspeling in
2008 0t Total MEW generatian 2009, Tatn) MSW generation
2.0 72,000 tannes

5.006 tonnes Ry

LES
LE a

=003
=004
=zoom

2008

Zuld-Holand Tuid-Heiard Umburg (ML)
Figure 2.4.1.1: Regional differences in total recycling of Municipal Solid
Waste (MSW) in The Netherlands (Source: European Environment Agen-
cy, 2013).

In order to make sure the correct selection of the urban
areas, between Amsterdam or Rotterdam, rough research
of municipality and other websites was performed in or-
der to measure the available data for the development of
the thesis. In the end, Rotterdam was selected due to its
qualitative, broader information and graphical maps for
the definition of the future area of research.
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Figure 2.4.1.2: Website of CBS about Amsterdam data fSource: Chs NL
(2020).
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Figure 2.4.1.3: Website of Municipality of Rotterdam; first page (Source:
Gemeente Rotterdam. (n.d.a).
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Figure 2.4.1.4: Website of Municipality of Rotterdam; map page (Source:
Gemeente Rotterdam. (n.d.a).

2- Selection of district:
Due to the focus on the social aspect of sustainability,

issues related to the well-being of citizens needed to be
searched. One of the goals of the thesis was to improve
the well-being of people, increasing their satisfaction and
social cohesion within the neighbourhood.

Therefore several social factors such as criminality, low-in-
come areas, immigrants, satisfaction rate, poverty and
employment rate, among others, were searched simulta-
neously and layer by layer in order to find the final poten-
tial area that meets in the majority all those factors. In
order to achieve this data, the website of the Municipali-
ty of Rotterdam was used, providing specific information
and maps (Gemeente Rotterdam, n.d.a).

Figure 2.4.1.5 represents the areas (dark green colour) in
which more residents with migrant backgrounds live, be-
ing mostly the South and Middle of Rotterdam.

Figure 2.4.1.5: Distribution of residents with migrant and international
backgrounds (2018) (Source: Gemeente Rotterdam. (n.d.a).

As described in c¢hapter 1.1.2 Increase of waste gener-
ation, lower-middle-income class (highlighted in blue-
green colour) represents the group expected to generate
more waste in the near future, thus being an important
group to be considered in the thesis. This group is distrib-
uted in the South and Middle of the city, according to Fig-
ure 2.4.1.6.

Figure 2.4.1.6: Percentage of people with low income in long term (2017)
(Source: Gemeente Rotterdam. (n.d.a).

Well-being is one of the valuable keys for the thesis and
aimed to be improved at the end of the design proposal.
In order to do so, it was necessary to find whi¢h areas had
low or the least citizen’s well-being (in purple and blue
colour), whi¢h were concentrated in lJsselmonde, Char-
lois, Hoogvliet and Delfshaven.

]
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Figure 2.4.1.7: Well-being distribution (19-64 years old; in 2016) (Source:
Gemeente Rotterdam. (n.d.a).

Satisfaction in the neighbourhood is related to the previ-
ous factor of well-being, so similarly, low scores of satis-
faction areas were searched (in purple and blue colour).
In the end, the following municipalities appeared: Feje-
noord, Delfshaven and lJsselmonde.

Sperizk mawtien
o wardn

Figure 2.4.1.8: Satisfaction in the neighbourhood (2018). (Source: Ge-
meente Rotterdam. (n.d.a).

3- Selection of neighbourhood & Lidl store:

In the end, the two municipalities that remained after ap-
plying all these criteria were IJsselmonde and Delfshaven.
However, looking each municipality more into detail at
the surrounding facilities, Lidl location and typology, and
in general more opportunities for improvement such as
lack of parks, low activity, lack of greenery or social clubs,
Delthaven was finally ¢hosen.

Deltshaven is a municipality that consists of 9 different
neighbourhoods inside, being Delfshaven, Bospolder, Tus-
sendijken, Spangen, Nieuwe Westen, Middelland, Oud
Mathenesse, Witte Dorp and S¢hiemond (Figure 2.4.1.9).

Lidl store is located in the neighbourhood of Spangen, an
area where lots of migrant’s background live and their
quality of life is not properly fulfilled according to their
satisfaction surveys.

On the other hand, sustainable measures are usually in-
stalled in selected areas, being mainly in wealthier, more
active, attractive or safety ones. For example, this neigh-
bourhood lacks saving energy systems, rainwater collec-
tion tanks, automated mechanism, etc, thus having gaps
for improvement related to the urban flows.

Making ¢hanges within this type of neighbourhood would
have a tremendous impact not only on urban metabolism
but also on the well-being of Spangen citizens.

More characteristics of Spangen neighbourhood, as well

as the analytical and contextual data, can be found in

¢hapter 5.1 Spangen.
ST s 1- Delfshaven

~ 2- Bospolder

. 3-Tussendijken

4- Spangen

5- Nieuwe Westen

6- Middelland

7- Oud Mathenesse
J L€ o Sy ' 8- Witte Dorp

== i —-— S | 9-Sc¢hiemond

Figure 2.4.1.9: Delfhaven district with the number of habitants per
neighbourhood (Source: Allecijfers.nl, n.d.).

331



2.5 | PROBLEM STATEMENT & R.QUESTION

2.5.1 PROBLEM STATEMENT & VISION

As climate ¢hange and current global ¢hallenges are get-
ting worse, the United Nations have established the Sus-
tainable Development Goals (SDGs) in 2015 in order to
achieve a better and sustainable future for everyone. This
plan is considered an urgent call for action and is intend-
ed to be achieved by 2030 by all United Nations Member
States (SDG, 2018).

Sustainable Development Goals are deeply connected
with the term “sustainability”, whic¢h consists of the equal
balance of three dimensions: economy, social and envi-
ronment (United Nations ESCAP, 2015). However, within
the Dutch context, statistics show that the current declin-
ing trends occur in the goals related mainly to social as-
pecs, being necessary to put efforts in the improvement
of social cohesion and inequalities, enhance community
feeling and improve people well-being in general (Statis-
tics Netherlands, 2019).

On the other hand, it seems that the “circular economy”
(CE) has been seen as the solution to address climate
change and other current issues such as the population
and waste growth or depletion of natural resources (Rob-
inson, 2017). Nevertheless, circularity in the built envi-
ronment has to do with the logistics in place, meaning
very little if circulation is not ensured with the rest of
the urban context where is located. The fact that synergy
between the building and the surrounding local environ-
ment can be established, will allow exchanging, reusing
and sharing flows and sources more efficiently, thus re-
ducing general waste and the need of new sources, as
well as creating a greater impact on the society.
Additionally, circular economy principles are mainly fo-
cused on the two dimensions of sustainability (envi-
ronment and economy), leaving some important social
points. Therefore a new approach has emerged taking
into account the total three dimensions: “Social Circular
Economy” (SCE), in which follows CE principles but also
have social missions in order to provide benefits for peo-
ple, planet and profit (Robinson, 2017).

It is already known that supermarkets, in this case Lidl,

are great “linear” consumers of energy, sources of food
waste and others. Moreover, supermarkets play an im-
portant role within the neighbourhood, accounting for
around 85% of the grocery market, thus having considera-
ble power and influence on society in order to start mak-
ing the change towards sustainable operations (Bourlakis,
Weightman, 2004). However, according to the company
annual report, the sustainable objectives of Lidl NL are
mainly focused on the two dimensions (environment
and economy) (Lidl, 2015), needing to go and invest
further regarding social aspect if truly sustainability and
SDGs are aimed to be achieved.

Spangen is selected as the neighbourhood study case, be-
ing one of the most degraded areas in the country and
having several difficulties in terms of income, satisfac-
tion, well-being, waste or criminality, among others (Ge-
meente Rotterdam, n.d.a), but with great social circular
economy potentials.

All this results in this problem statement summary:

Lidl NL sustainability goals are mainly focused on the im-
plementation of Circular Economy principles, but this has
limitations due to the need to integrate the local context
and put efforts on the social aspects in order to obtain a
balanced sustainable system, thus SCE approach emerges.
Moreover, Spangen is one of the most degraded neigh-
bourhoods of The Netherlands that experiences some
difficulties related to urban metabolism (waste) and espe-
cially social aspects, being very far from the Sustainable
Development Goals established by the UN.

This thesis will tackle these challenges, resulting in the
following vision:

To integrate also the social dimension within a Lidl super-
market redesign and according to synergy and Social Cir-
cular Economy principles, in order to help to achieve Sus-
tainable Development Goals (SDGs) and a more efficient
urban metabolism in Spangen.

3 Isolated
/\ constructions @%
Lidl NL . SDGs
sustainability — AtFenhon to ‘
goals social aspects @
oo One of Poor urban
oo —>
Drog the most metabolism /Bﬂ%j
og
oo Dutch S
Spangen degraded Difficulties in SDGs
neighbourhood areas —> all aspects,
mainly social

Problem statement

Figure 2.5.1.1: Representation of problem statement, vision and research objective (continued on next page).
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2.5.2 R.OBJECTIVE(S) & R.QUESTION(S)

The research focuses on contributing to the Lidl NL sus-
tainability program, mainly in terms of social aspects, at
the same time as improving the urban flows of the neigh-
bourhood through sustainable principles.

In the end, the goal of this research is to achieve further
SDGs in both Lidl and neighbourhood, through the opti-
mal redesign of a specific Lidl supermarket.

- Research objective:

The purpose of this thesis is to redesign a Lidl supermar-
ket according to SCE principles, functioning as a social and
circular facility in synergy with its local urban context, in
order to help to achieve Sustainable Development Goals
(SDGs) and improve the urban metabolism related to es-
sential flows in Spangen.

- Research sub-objectives:

- Identify and quantify the essential flows of interest for
Spangen neighbourhood and Lidl supermarket regarding
SDGs.

-Identify the existing social initiatives for the local com-
munity, highlighting the ones that could be improved or
introduced through Lidl redesign.

-Find a sustainable proposal (or different design pos-
sibilities if applicable) according to SCE principles and
through Lidl redesign for the achievement of SDGs and
improvement of essential flows in Spangen.

- Research question:

To what extent the sustainable redesign of Lidl su-
permarket can improve the social context, urban
metabolism related to essential flows and help to
achieve Sustainable Development Goals (SDGs) in
Spangen?

- Research sub-questions:

The research would answer the main research questions
through the following research sub-questions. Moreover,
for a better understanding, research sub-questions can be
divided into two categories:

-Existing situation:

1- What are the essential flows of interest for Spangen
neighbourhood and Lidl supermarket regarding SDGs?

2- What is the current urban metabolism, related to es-
sential flows, between Lidl supermarket and the local
neighbourhood?

3- What are the existing social initiatives for the local
community and which ones could be improved or intro-
duced through Lidl redesign?

-Proposal situation:

4- What are the main circular opportunities that can be
achieved through Lidl redesign for the improvement of
the urban metabolism and according to the socio-eco-
nomic context of Spangen?

5- Which Sustainable Development Goals result from the
synergy between Lidl redesign and the neighbourhood?
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Figure 2.5.2.1: Representation of problem statement, vision and research objective (continued from previous page).
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3.1- Research methodology:
3.1.1 Conceptual framework
3.1.2 Research limitations




3.1 | RESEARCH METHODOLOGY

3.1.1 CONCEPTUAL FRAMEWORK

- Conceptual framework:

Based on the main issues occurring in Lidl and the case
study context, a clear vision of this thesis can be set. Af-
terwards, by developing different designs possibilities and
evaluate them, the final design proposal can be achieved.

TN T e T

DESIGN
PROBLEM? CONCEPT| _process PROPOSAL
B
\\/\ (\\\7& \i':fj/

Problem Objective Design by research

Figure 3.1.1.1: Simple summary of the approach.

The project concept is focused on the achievement of
Sustainable Development Goals (SDGs), improvement
of the social context and urban metabolism in Spangen
through the sustainable redesign of a Lidl supermarket
(theoretical approach). There are several contextual fac-
tors in between (baseline) that need to be analysed be-
fore in order to achieve the final goal. Therefore the ap-
proach framework is aimed to follow these steps: Baseline
(analysis), development and improvement.

BASELINE
F= = = = = = = = e = = e == === == - 1
1 ® S I

oo
: -FLOWS s SUSTAINABLE § :
| -SOCIAL CONTEXT O"; 2 DEVELOPMENT | §
2 Ko
| -LIDLPOSITION  |= & GOALS (SDGs) | &
1 56 1
Lomm = |_ ___________ |_ _————a
DEVELOPMENT
L e e e e e e e 1
1 = |
I -CIRCULAR SOLU- | & I
I TIONS ROUTES g I
1 2 1
I -FLOWS, SDGs & | g, |
I INTERRELATIONS | g = |
I o& I
| J |
| ® |
1 4] 1
©
I e I
1 DESIGNS o 1
I OPTIONS o I
I T S I
I L= I
c @©

| = |
| 5@ I
h oo o e e e e o e e e e e e e omm e o e mm e o
£ IMPROVEMENT
F=—=-=-=-="=-"=-"®=-=-"=-=-MN"N"™"="=-"=—-"==-==-=-=-== 1
| I
I FINAL PROPOSAL | & :

\\

Figure 3.1.1.2: Approach framework and how to achieve it.

-1 BASELINE:

First of all, it is crucial to understand the current situa-
tion within this thesis boundaries and find room for im-
provements. On one hand, an analysis of the main fac-
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tors (flows and social context) in both Lidl and Spangen
neighbourhood will be performed and on the other hand,
parallel and in relation to this, it is necessary to get an
overview of the current SDGs and think about future po-
tentials that could be achieved through the proposal. The
analytical methods (green colour) and selection methods
(grey colour) for block A and B are:

A- Lidl and Spangen analysis:
Selection

Identify — of essen- <
(Literature .

tial flows
research)

FLOWS
BN Quantify

(National and relia-
ble reports)

Analysis

(Data  research/
fieldwork/ district
SOCIAL

reports)
CONTEXT
\ L swoT L

Evaluation analysis
Analysis
/(Companyreport) >
LIDL —
POSITION
(goals) Evaluation <— SDGs
B- Selection of SDGs:
Analysis
(International and
SDGs national reports) )
\ Selection Essential
. P )
Evaluation ——> of SDGs < ﬂovys&
social
context

The analysis of the context situation (baseline) will result
in the selection of essential flows and different interven-
tions in order to achieve efficiently the goal.

Challenges . .
O o g Social  im- Evaluation of
% _g provements possible 3 in-
3 o terventions:
oM © .
Potentials Circular solu- (Food pro-
(SDGs) tions routes duction, Lidl,
(flows) public space)

-2 DEVELOPMENT:

This stage consists of the design process through design
by research, and the development of a design framework
(method; DF) for providing a simple and structured order,
as well as including several factors in an optimal way.

Due to the complexity in the achievement of SDGs and
the need to integrate the social dimension in the final pro-
posal, the design framework is inspired and adapted from
the ELSI diagram of the Symbiosis in Design (SiD) frame-
work, developed by Tom Bosschaert.

Briefly, the DF is divided in two parts, being the first one
focused on the development of general strategies for im-
proving the local urban metabolism and SDGs (through
indicators) and the second one, based on the selection
of strategies adapted to local conditions and spatial loca-
tions. Moreover, some strategies are linked to each other
so by making groups and evaluating iterations, a final opti-
mal proposal can be achieved. Further detail of the design
framework can be found in chapter 4.6 Design framework.

Design framework
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Figure 3.1.1.3: Summary of the development phase.

The references for the development of the DF are:
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-3 IMPROVEMENT:

The last stage will be the selection of the final propos-
al, based on further evaluation of the different spatial
options from the previous step, and able to meet and
achieve further SDGs and improve the urban flows in
Spangen and Lidl. The solution will be supported by calcu-
lations in order to make a comparison, know the benefits
and understand more about the feasibility of the project.
The analytical methods for the flow calculations are:

FLOWS —— Calculations
(ew proposal) (National & reliable re-
ports) / data research)

: Research boundaries:
In order to narrow down the research and focus on the
main aspects, the following boundaries are described:

-City scale is not studied because it goes out of the scope
of this report, but it could be achieved by a modular ap-
proach and repetitive pattern.

-The design proposal will be aware of technical and
spatial planning, leaving apart most of the financial as-
pects. But even though the economical dimension is not
the main focus, the future actions should meet and be
adapted to the socio-economical local context.

-An efficient study of urban metabolism and its social
context could result complex if a very big area is ana-
lysed. Therefore, there is a preference for the detailed
study of a small area located next to the supermarket,
around 2,000 habitants. Only once this small area is
totally solved, the rest of the neighbourhood or bigger
area could be added to the proposal.

-The benefits of flows will be destined to improve Lidl
commercial operations. Moreover, benefits for the
neighbourhood will be also desired, looking for the gen-
eral public and common spaces (facilities, public space,
etc) rather than private households.

- Data collection techniques (qualitative research):

There has been designed a plan for collecting analytical
data, but due to Covid-19 circumstances, other data col-
lection alternatives needed to be found. Howoever, some
personal conversations with the associations and neigh-
bours were able to be performed before Covid-19, allow-
ing to obtain some important information. But due to fur-
ther progress of the virus, more theoretical data based on
national reports were searched.

Although the research was mainly qualitative, there have
been two types of data collected, being quantitative (a)
and qualitative (b):
- Existing data (Company report) (a): Collected by private
entities and made available for public use (e.g: Lidl sus-
tainability report, Except, Metabolic). Criteria: Company
website and latest available report (2010-2018).
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- Existing data (International & national reports) (a & b):
Collected by public entities and made available for pub-
licuse (e.g: SDGs by UN, European Commission). Criteria:
Organization website and latest available report (2018).
- Existing data (National & reliable reports) (a & b): Data
collected by public agencies or private entities and made
available for public use (e.g: Netherlands Nutrition Cen-
tre, CBS, WRAP UK, United States Environmental Protec-
tion Agency: EPA, Association of Dutch Water Compa-
nies: Vewin). Criteria: Latest available report (2015-19).

- Existing data (District reports) (a & b): Data collected
by public entities and made available for public use (e.g:
Gemeente Rotterdam). Criteria: Council website and lat-
est available data (2019-20).

- Existing data (Data research) (a & b): Data collected
by public agencies or private entities and made availa-
ble for public use (e.g: World Weather Online, Stichting
Openhaard). Criteria: Website and latest available data
(2017-20).

- Existing data (Literature research) (a & b): In general,
the rest of the data was partly performed by searching
for several literature reviews. The most common used
literature was obtained via online, using Google Schol-
ar and Google search, thus there was a variety of data
collection coming from different scientific platforms like
Science direct, scientific magazines, journal articles, the
website of public and recognized organizations, well-
known companies database, academic thesis, books on
library platforms, to name a few, but checking always the
reliable original resource. For example, blogs, personal
websites and small companies database, among others,
were avoided or carefully analysed by comparing the
data in 3 other different sources.

The criteria for filtering and selecting the material was
through: latest date (from 2017 onwards), newest trends
and most well-known organizations (local, national or in-
ternational identities).

- Interviews (fieldwork) (b): In order to gain a better in-
sight into the possibilities for improvement of the neigh-
bourhood, semi-structured interviews were conducted
during the 5 site visits in December-February 2019. It is
common that non-prepared interviews might produce
results that cannot be generalized beyond the sample
group, but they provide a more in-depth understanding
of citizen’s perceptions, motivations and emotions.

The following people were interviewed at different fa-
cilities:

-Social club Westervolkshuis: The person in charge of
food activity and two volunteers.

-2 citizens of Spangen.

-Supermarket: Owner of Ooms and employee at Toros
Bakkerij.

-Restaurant: Employee at Kebap Duriim Evi and Onur
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Firini.
-Others: Employee at Lidl and tattoo store.

The questions were short and recorded by person-
al notes. Moreover, the type of questions was related
to: Timetable of the facility, level of satisfaction in the
neighbourhood, availability of leisure spaces (result:
young people go to city centre due to lack os recreation-
al spaces), type of activities performed in leisure time,
challenges perceived in the neighbourhood (results: lack
of greenery, vandalism, hard pavement, employment
issues..), level of circularity in their processes (result:
through away surplus and FW every two days without
recovering), desires for improvement, etc.

- Own observation (fieldwork) (b): The site visits done in
December-February 2019 allowed obtaining the follow-
ing information:

-Indoor distribution of Lidl (pictures, measuring and
drawing floor plan).

-Lack of greenery and hard pavement.

-Flooding and too much water on surfaces (there was
a rainfall).

-Lack of outdoor activity (at 13.00, at 19.00 and at
21.00 h), inactive streets.

-Movement of Lidl customers (drawing)

-Car flows (drawing).

-Sunny and shadow areas.

-Lack of benches and sustainable measures (except
water purification next to the stadium).
-Multicultural atmosphere.

-Young people.

-High activity atmosphere in social clubs.

: Method of analysis:
There were two different methods for the analysis accord-
ing to quantitative or qualitative data.

-Quantitative: Before performing the analysis, the gath-
ered data was prepared using Excel and tables. The da-
taset was checked for missing data or outlines. In case of
missing data, extrapolation from other similar countries
or reliable reports was made. The data was then analysed
using comparatives between original and improved situ-
ation.

-Qualitative: The interviews and own observation were
transcribed and thematic analysis was conducted, consist-
ing of coding and closely examining the data in order to
identify broad themes and patterns (Scribbr, 2019). The
themes were related to strengths, weakness, opportuni-
ties and threats. Each theme was examined for obtaining
a better understanding of people perceptions, motiva-
tions and issues.

3.1.2 RESEARCH LIMITATIONS

The final design of this study had some weaknesses and
limitations:

1- Food waste recovery rules and regulations:

This study, among other things, tried to address the via-
bility of recirculating food flows between different facil-
ities of the neighbourhood by on-site processing in the
GH and Lidl cafeteria. However, the viability of food flows
always carries principally social, economical, environmen-
tal, ethical and jurisdictional determinants. The last one
seemed to be the most influential factor. In this sense,
this research was mainly theoretical so a translation to
reality would require further studies in many fields: local
political, management enthusiasm, permission/exemp-
tion process, catering industry permissions, health reg-
ulations, etc.

2 Livestock and crop production:

This study would require expertise in greenhouse agri-
culture, livestock care and exploitation in order to make
the proposal worked as much efficient as possible. The
moment plants were added and selected to the green-
house, expertise on plant behaviour to indoor and out-
door climatological aspects would be vital. Moreover, the
level of stress and behaviour of livestock would need to
be studied. The influence of plants in the indoor climate
and its synergy relation between livestock species within
this research was based on precedent projects and edu-
cated assumptions. So this would add a level of uncertain-
ty to the feasibility of producing both livestock and crop
production in the top roof of a building. Nevertheless,
there were many precedents that indicated the success of
greenhouses on top roofs.

3- Calculations of flows:

All the calculations concerning the essential flows such as
plant and livestock yield, food supply and demand, water
consumption and collection, C02 sequestration or O2 pro-
duction has been performed in Microsoft Excel. At the end
of this research, the worksheets contained large amounts
of numbers and data. Even though this research has been
performed with great care and caution, minor calculation
or typing mistakes could not be ruled out.

Moreover, on one hand, some of the important data re-
quired from Lidl and the rest of neighbourhood facilities
could not be obtained, therefore Lidl reports from other
countries, standard supermarkets, schools and restau-
rant’s data were used. On the other hand, several de-
tailed data was extracted from reports, company web-
sites, newspapers, etc but would have been preferred to
obtain it from expertise people of each field. Therefore
even though calculations could help to support and im-
agine the feasibility of the proposal, these would have a
level of uncertainty and inaccuracy regarding the specific
places of study (Mariaschool, Toros supermarket, Maak
Rotterdam cafeteria, etc).

4- Study of pollutant air particles and substances:

In relation to the previous point, calculations were per-
formed as much in detailed as this research could. Howev-
er, due to the extension, the complexity and the amount
of work required for each selected flows, certain aspects
were left out from investigation due to out of the scope of
master thesis. Pollutant air consisted of several particles
and harmful substances that might have influenced the
result of the final proposal, concluding for example, in a
more necessity of specific plants, material construction
type or other solutions to combat and improve air flows.
5- Achievement of total SDGs:

As concluded before, SDGs consisted of several indicators
so, in order to achieve completely each SDGs, a thorough
assessment of each indicator would need to be per-
formed prior to the design process. However, this was not
the case, as a general understanding of each SDG was per-
formed, enabling to derive strategies for its achievement
through spatial interventions but in a broad sense.

It should be noted that anyway, although further indica-
tors were able to be obtained through an early study of
them, the total achievement of SDGs would still not be
achieved due to political and economical matters, as well
as their objective to try to solve everything, resultingin a
bit unreachable at small scale designs like this study.

6+ Covid-19 virus effects:

Covid-19 is a pandemic health issue that affects every-
one in all places and circumstances within social life. As
expected, Covid-19 appears that will stay for a long-term
period within the society, changing the way people social-
ize, interact, behave and communicate. This rare situa-
tion would have effects on the design proposal because
social distances and spaces would need to be extended,
resulting in less production, less sociability, less partici-
pation and in general fewer benefits. For example in Lidl
cafeteria, a separated entrance from the commercial area
would be probably needed, sharing spaces would be lim-
ited so individual and separated spaces would be need-
ed, the children area would result in a dangerous place
for spreading the virus, etc. In the square, wider spaces
would be needed, limiting the social efficiency of foun-
tain area, sand playground or needing small individual
constructions for each table of the terrace. In the green-
house, the production area would not be necessarily af-
fected but dining area and workshop rooms would require
wider spaces and other interior distribution of furniture.
7- Top roof structure:

The greenhouse has been designed considering that the
existing structure could bear the new intervention. But al-
though lightweight solutions were taken into account, this
was an important factor that would need to be solved.

Despite all concerns, this study could offer insight and
inspiration in the potential and positive impact of social
economy principles in degraded areas.
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4.1 | THE CONCEPT OF CIRCULARITY

4.1.1 THE LINEAR MODEL (LM)

- Environmental concerns:

The cumulative pressure of the human activity on the
planet (exacerbated since industrialization), as well as
the reduction of healthy forest, rivers and oceans, shows
that resilience and resources of Earth are being sapped,
indicating that by the new millennium, 1.5 Planet Earths
would be needed in order to maintain the current social,
economic and demographic existence (WWF, 2012).

The Earth has been experienced many environmental
changes, but remaining stable for the past 10,000 years.
In this Holocene period, civilizations were able to arise,
develop and thrive within a relatively narrow and environ-
mental range. Nevertheless, this stability has been under
threat since the Industrial Revolution, the Anthropocene
era, where fossil fuel’s dependency, agriculture industri-
alization and human activities have become the major
cause of the global environmental change (Sariatly, 2017).

In an attempt to classify the human impact in the environ-
ment and try to maintain the Holocene state, research-
ers have proposed the concept of Planetary Boundaries,
which boundaries define the optimal space for the human
actions. However, three out of nine Earth system process-
es have already transgressed their boundaries: climate
change, biodiversity loss and interference with the nitro-
gen cycle, meaning that would result in an unacceptable
environmental change for planet ecosystem (Steffen W. et
al., 2015; Rockstrom, J. et al., 2009).
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Figure 4.1.1.1: Current status of the control variables for seven of the
planetary boundaries for the climate changE (Source: Steffen, W. et al.,
2015).

- Linear model:

In general terms, since the Industrial Revolution, the busi-
ness economical model in developed countries has been
based on the linear model (LM), which led to an impor-
tant growth of production but also to unlimited resource
consumption.

On one hand, development means economic and popu-
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lation growth, which goes hand in hand with changes in
consumption behaviour (mainly luxury products and fresh
food), necessities of infrastructures, urbanization and
industrialization, transportation, etc, resulting in large
amount of raw materials and natural resource and involv-
ing pollution and waste issues.

On the other hand, according to Ellen MacArthur Foun-
dation (2013), the current prevailing design relies on the
historic wealth’s distribution in the geographical regions
around the world. Consumers of resources have been
concentrated in the most developed regions (Western so-
ciety), where abundant resources of material and energy
were widely available and reachable. As a result, materi-
als have been very cheap compared to the human labour
cost, so business models relied on extensive use of mate-
rials and economized human work has been established.
However, this has led to the negligence and unnecessary
of recycling, reusing and promoting waste measures.

This linear model follows the take (extract)-make (manu-
facture)-consume-dispose pattern, represented in Figure
4.1.2.1. Raw materials are extracted from nature, trans-
formed into products, sold and used, and then disposed
after having lost their physical, economic or functional val-
ue, becoming waste. Usually, some of this waste is treated
and sent to the recycling streams, but a great amount of
it is incinerated or even disposed at landfills (GCR group,
2017). Around 65 billion tons of raw materials (expected
to grow to around 82 billion tonnes in 2020) were used
in 2010, of which 2.7 billion tons were dumped as waste,
and additionally, 21 billion tons of materials are current-
ly being discarded during the production process before
becoming part of the final product. This waste not only
cost the loss of function but also all the source of energy
involved. (Ellen MacArthur Foundation, 2013).

The growing world population trend and the increase of
purchasing power (demand for raw materials) are difficult
to slow down. So in order to ensure the availability of nat-
ural resources, urgent change in the way of harvesting,
producing and recycling them needs to be done. Nowa-
days, the government and companies have begun to re-
alize the serious economic risks, environmental and so-
cial consequences of this model, so they started adopting
more sustainable measures.

But the best solution that can be achievable and could
slow down the degradation of the environment is the
complete disconnection from natural resources and the
new design system where renewable energy and recircu-
lation of flows would be maximized before going to waste.
This could be achieved through Circular economy CE), a
concept that has emerged in 1970 and recently become
more popular, being able to contribute to the disconnec-
tion of natural resources and achieve planet prosperity.

4.1.2 THE CIRCULAR ECONOMY (CE)

The circular economy is an industrial and economical sys-
tem designed to deal with the current and destructive lin-
ear economy model. The pioneers of CE were Braungart &
McDonough and The Ellen MacArthur Foundation, whose
emphasis for going beyond sustainability formed the base
for developing further the circular economy concept (Mc-
donough, 2019).

In principle, the CE can contribute to an affordable and
sustainable supply chain of raw materials because all the
waste flows can be reused to create new values and help
to reduce the dependence of natural resources, therefore
allow progressively regenerating them (SB Insight, 2019).
It is a dynamic, positive and interconnected solution sys-
tem that is based on creativity, collaboration and entre-
preneurship that works for everybody at different sectors
in order to achieve SDGs and fight against climate change
(De Wit et al., 2019). Its main goal is to separate economic
growth from natural resource depletion through design-
ing disruptive services, business models, products and
public policies (Living Circular, 2018).

However, according to the Circularity Gap report 2019,
only 9% of the world economy is circular. This is due main-
ly because humanity still keeps on optimizing the LM, but
the real swift towards CE will require efforts from indus-
tries, users, government, etc in order to change complete-
ly the way people think, act and consume products.

Unlike LM, in a CE, natural resources and raw materials
are restored after the end of life (3R), becoming a new
source and thus avoiding waste and destruction of value
at the end of the chain process (Figure 4.1.2.1). It shifts to-
wards renewable energy, eliminates toxic chemicals that

Most Resources Used

Extract Natural Resources Supply Parts

affect recyclability (recycle), optimize and reduce waste
flows (reduce) through an early designing phase of prod-
ucts and systems, mitigating greenhouse gasses emissions
and stopping the depletion of natural resources (allowing
progressively regenerating them).

The principles of the circular economy are organized in
3 domains (raw materials, producers and consumers),
which are based on 7 pillars (Living Circular, 2018):
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Figure 4.1.2.2: Model based on 7 steps that are vital in the circular value
chain of a product (Source: SB Insight, 2019).

- Raw materials: Turning waste into new resources:

1- Recycling: Considering waste as a valuable resource
by reintroducing it back to production cycle, thus avoid-
ing waste, protecting natural resources and offering eco-
nomic opportunities.

- Producers: Search for effectiveness at every stage of the

production process.
2- Sustainability supply: Sustainable extraction, exploita-
tion and purchase are the basis of efficient use of natural

Distribute Incinerate/Landfill

CIRCULAR ECONOMY (CE)
Figure 4.1.2.1: Linear model and future solution (Source: https://www.wastequip.com/about/wastequipcares/bekinder-to-our-environment-with-kris-

tin-kinder).
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resources, reducing waste and the negative social and
environmental impact.
3- Eco design: Considering the environmental impact
through early designing steps.
4- The economics of functionality: Selling the functional-
ity of a product or service rather than the product itself.
5- Industrial and territorial ecology: Synergy with its lo-
cal environment for stimulating the exchange of resourc-
es, sharing and pooling, creation of new activities, etc.
- Consumers: More responsible consumer demand and
behaviour.
6- Responsible consumption: Consumer buys products
that are respectful with the human beings and the en-
vironment.
7- Extending the duration of use: Second life use through
repair, resell, exchange or give away.

5 main benefits can be achieved within CE framework,
such as: Resource benefits (increasing efficiency and de-
creasing inputs), environmental, ecosystem, economic
(innovation, opportunities and cost reductions), and so-
cial benefits (new values, consumer’s behaviour or job
opportunities) (Ingallina, 2017).

The Dutch Government has developed the “Govern-
ment-wide programme for Circular Economy” (GWCE),
which aims consist on reducing the impact on the envi-
ronment and developing healthy, safe and living condi-
tions, therefore establishing an economical objective for
becoming 50% circular by 2030 and completely circular
by 2050. Programmes such as “From waste to resource”
(VANG), “National raw materials agreement” or “Green
growth and bio-based economy”, allowed developing
several initiatives and proving their benefits, for exam-
ple with energy cascading, extraction of heat from water
waste flows or taking new advantage of other residue ma-
terials. The Netherlands has been considered the leader
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in Europe in terms of recyclability, recycling over 80% of
the materials and having a high material productivity ratio
(Government NL, 2019; Cbs NL, 2018).

In general, the focus of the CE concept has ¢hanged over
the years, being influenced by different theories, so in or-
der to explain the current focus of the circular economy
within this thesis, some influences are briefly discussed:
- Regenerative design: Products or services are renewed
through reintroducing back to the same processes sys-
tem, requiring little inputs. For this, system thinking,
interdisciplinary collaboration and knowing natural re-
sources limitations are required (World Business Council
for sustainable development (WBCSD), 2018).
- Industrial ecology: This approach seeks to transform
industrial processes into cyclical processes, considering
natural ecosystems as a base model. It is mainly focused
on energy efficiency, resources and waste exchange
(Bruel et al., 2018).
- Bio-based economy: The idea is to start re-integrating
human activities according to the biological metabolism
existing in the Earth in order to achieve the same quality
of services but seamlessly integrated into the biosphere
(Metabolic, Studioninedots & DELVA L.A, 2014).
- Blue economy: It tries to deal with environmental prob-
lems working with what is locally available and generat-
ing various income streams. It tries to follow innovations
and new ways of making a profit in order to reduce the
environmental negative effects and waste, addressing
mainly the economic side of the CE concept. Similarly to
Green Economy, this blue economy model also tries to
improve human well-being, social equity and inclusion
(Common Wealth Secretariat, n.d).

However, despite all these approaches, there is still miss-
ing important points of social aspects in the CE, being dis-
cussed in ¢hapter 4.1.4 The social circular economy.
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Figure 4.1.2.3: Elements of a circular economy: Renewable energy, natural capital, new nevenue models, product design, supply chain colllaboration

and high-value reuse and recycling (Source: PBL, 2019).
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4.1.3 THE SOCIAL CIRCULAR ECONOMY (SCE)

The term of social circular economy (SCE) appeared due
to the limitations of the circular economy (CE; focused
on environmental and economic aspects) and social en-
terprise concept (SE; focused on social and economy), in
which one aspect of sustainability definition is missing in
each concept.

On one hand, the circular economy is, by definition, an
industrial economy that is regenerative and restorative by
design, keeping sources in use at their highest value for as
long as possible (Robinson, p.4, 2017).

On the other hand, social enterprises use business prin-
ciples in order to achieve social benefits and make a pos-
itive ¢hange in the world. It ensures that economy does
not harm the society and tries to achieve the highest so-
cial benefits as possible, by tackling societal problems of
disadvantaged people and strengthening its communities.
SE usually operate in a wide spectrum of organisational
forms (Robinson, 2017):

Socially /Business
respon-[ making
siblel profit for
business ¢harity

Figure 4.1.4.1: An spectrum of social enterprise forms.

The main difference between SE and c¢harities or non-prof-
it organizations are the introduction of economic aspect,
in which the latest perceive the money from continuing
funding, grants and donations. Social enterprise has the
following ¢haracteristics (Robinson, 2017):

- Clear social mission.

- Income generated by trading goods or services.

- Reinvestment of profits back to their organization or

mission.

- Independent and autonomous from state.

- Transparent and accountable.

The social circular economy has not to do with reducing
environmental impact while following a social mission,
nor providing decent and equitable working conditions
while performing in a circular way. It is the result of the
combination of the CE and SE concept, in which it defends
that the global system needs to have economic prosperity
within a rich society and also a regenerative environment,
for achieving benefits at the three dimensions: people,
planet, and economy. Thus, it aligns well with the im-
provement of social well-being and the planet, as well as
the UN’s Sustainable Development Goals.

SCE is the result and latest improvement of the different
economical models occurring since the last decades.

Fovronment Enviranmpot

¢ Seciety

Current (linear) model! Circufar economy Soclal enterprise (linear) Soclal circular economy

Figure 4.1.4.2: Schematics of systems designed by the different arche-
types, in which fully coloured highlighted regions areas are considered
for the system design (Source: Robinson, 2017).

Unlike environmental or economical aspects, social is-
sues are commonly connected with people, needing to
be localised and solved though distributed models that
can support them. For example, the proper help for an
isolated elderly woman would need to be solved by local
presence and intervention rather than by distance help.
Therefore SCE brings back the effort and necessity of so-
cial aspect and local approach within the circular econo-
my principles. Similarly, by performing circular operations
though smaller loops and closer to the consumers (circu-
lar economy at local human scale), less cost and complex-
ity would be avoided (Robinson, 2017).

One practical example of this SCE term would be the
transformation of hypothetical organizations “B” and “C”
(typically seen in the linear model and which perform
harmful activities for the planet and the society) into “A”
(SCE) (Robinson, 2017):

- Organization B: Production of bags from c¢heap virgin
cotton, resulting in high consumption of water, fossil fuel,
fertilizer, and high use of pesticides.

- Organization C: Workers with few rights, often being un-
derpaid and also under-age.

- Organization A: Transformation of the corporate uniform
“waste” into bags, and made by disadvantage people,
with a decent salary and working conditions.

The consequences of these traditional models are often
solved independently by the circular economy and social
enterprise principles. Even though these approaches are
very valuable for giving benefits to the world, none of
the frameworks has a full systemic view, thus producing
non-optimal outcomes from a global perspective. Howev-
er, the shortfalls of eac¢h concept are solved by the SCE
model, in which every fundamental aspect is taken into
account, solving and having a balanced between econom-
ical, environmental and social aspects.



4.2 | URBANISM

4.2.1 URBAN METABOLISM, DESIGN & SYNERGY

- Urban metabolism (UM) & urban design (UD):

Interventions within the built environment require a bet-
ter understanding of the internal processes and manage-
ment of an urban area, so the theory of urban metabolism
is discussed.

Urban metabolism (UM) has become a framework for
professional from different disciplines in order to examine
the environmental impact and understand urban fabrics
operations in a systemic way. UM refers to the ex¢hange
of energy, movement of flows, matter and information
that occurs between the urban settlement and its sur-
rounding natural environment or graphical context.

In fact, the urban ecosystem is an open system in which
resources and flows can both enter the environment
and leave after being transformed for example, by sim-
ple or complex technical or socio-economic processes.
By understanding the city as an ecosystem and the way
it works, it will allow to increase urban efficiency, under-
stand the hidden processes and quantify the ¢hallenges
and measures to be taken, at the same time as achieving
a more circular and sustainable urban metabolism.

Sustainability is deeply related to the pressure that hu-
mans exert on the natural environment nearby, so new
urbanism is needed, in which is capable of efficiently man-
age the metabolic flows and transform its current linear
process into another system that imitates the way nature
works; circular and recyclable system (Wikipedia 2019). In
order to improve the sustainability aspect of a UM, two
steps are necessary. Firstly, the use of ecosystem thinking
for exploring an optimal resource consumption in differ-
ent processes and secondly, the use of synergies between
flows and sectors, including equally the three dimensions
of sustainability. Therefore a sustainable UM would be
not only optimal but also synergetic within the surround-
ings and sustainable aspects (Van Bueren et al., 2012).

However, UM serves mostly as an analysis method for un-
derstanding neighbourhood operations and performance
of an area, but it does not provide any method for im-
proving the system or implementing new solutions. Thus,
urban design (UD) discipline is needed, being this com-
bination of different professions the basis for sustainable
urban development. The final proposal of this thesis could
follow this combination, in whi¢h an assessment of differ-
ent flows and impact would be performed in the neigh-
bourhood (UM), in order to the propose spatial interven-
tions for its improvement (UD).

On the other hand, the social circular economy concept
should be integrated into the future proposal, but the key
is how to implement it within the neighbourhood envi-
ronment. Therefore the ¢hallenge relies on the establish-
ment of a link between the social circular economy think-
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ing and the contextual urban design discipline, through
the help of urban metabolism analysis. When solved, spa-
tial effects of circular concepts can be implemented and
additionally, various integration and improvement of pro-
cesses within the urban environment could be achieved.

EJAY:
..

SOCIAL CIRCULAR URBAN METABOLISM URBAN DESIGN
ECONOMY

Figure 4.2.1.1: Creation of new link between concepts and disciplines:
circular economy concept, urban metabolism and urban deign.

- Urban synergy:

Synergy could be defined as a collaboration of two or
more agents that works together for producing an achiev-
able and better result, whi¢h would not be possible to ob-
tain by the sum of those agents independently. The ¢har-
acteristics of synergy include (Hardin & Armstrong, 2012):
- Dynamic state in whi¢h combined actions is favoured
over the individual component actions.
- Behaviour of the whole systems is not predicted by the
behaviour of independent parts.
- Cooperative action of two or more stimuli leads to
greater response than individual stimuli.

Synergy can create urban metabolism by combining dif-
ferent resources that can work together in order to create
a new system.

Additionally, urban synergy is closely related to “urban
ecology” concept, in which deals with the sustainable in-
teraction of species in an urban area and their interaction
with the community. Urban ecologists try to study all the
nature and greenery located in urban areas in order to
understand the factors and availability of those resourc-
es, at the same time as analysing their level of pollution,
exploitation and other pressures. By considering this
ecological perspective and understanding environmental
threats and c¢hallenges, healthier design, preservation of
ecosystems and better management of communities can
be achieved (Hardin & Armstrong, 2012).

Therefore this means that urban synergy follows and is
capable to create a sustainable system within the neigh-
bourhood or urban environment, contributing to achiev-
ing a sustainable urban development, including measures
such as the preservation, ex¢hange and reuse of resourc-
es, among others.

In this thesis, urban synergy will be aimed to be achieved
between different facilities of the neighbourhood in order
to obtain the maximum benefits from them through inter-
dependency or mutual symbiosis.

4.3 | SOCIAL SUSTAINABILITY

4.3.1 THE IMPORTANCE OF SOCIAL ASPECT

Social sustainability is a commonly overlooked aspect
of sustainability definition due to the main focus on the
environmental and economic aspect in every sustainable
development discussions. However, the three dimensions
of sustainability should be equally addressed in order to
achieve the most and balanced sustainable result.

Social
Bearable Equitable
Sustainable
Environment Viable Economic

Figure 4.3.1.1: The 3 pillars of sustainability.

Since 2002, WACOSS has been addressing the lack of at-
tention to the social aspect of sustainability. The main
objective of social sustainability is to achieve that current
and future generation can support and create healthy,
liveable communities and provide a high standard quali-
ty of life, by promoting equitable, connected, diverse and
democratic values (Adec innovations, 2019). It supports
social and cultural life, social amenities, systems for cit-
izens participation, places and people in order to foster
their own development.
Social sustainability embraces topics such as: social and
health equity, community development, liveability, so-
cial capital, social support, labour and human rights,
place-making, social responsibility and justice, cultural
competence, community resilience and human adapta-
tion. But according to Nobel Laureate Amartya Sen, so-
cial sustainability has 5 main dimensions, in which these
principles determine the level of social sustainability of a
project or business (Hodgson, 2016; Wikipedia, 2020):
- Equity: Offer of equitable opportunities and outcomes
for all its members, focusing on poorest and most vul-
nerable people. Identification of the needs of disadvan-
taged people and promote fairness.
- Diversity: The community promotes and encourages
diversity, meeting their needs.
- Social cohesion: Offer of processes, systems and struc-
tures that promote connectivity between inside and
outside the community and at formal, informal and in-
stitutional levels. Develop a sense of belonging, access
to public and civic institutions and support to the disad-
vantaged group.
- Quality of life: Community ensures that basic needs
(education, housing, safety..) are fulfilled, enhancing the
life quality at individual, group and community level:
- Democracy and governance: The community provides
democratic processes, accessibility, open and accounta-
ble governance structures.

Democracy &

governance
Lifc.a ‘ Equity
quality ~_ _—
Social sustainability
Social . .
Diversit
cohesion v

Figure 4.3.1.2: The 5 dimensions of social sustainability.

United Nations recognized the need for strengthening the
social dimension of sustainability, so around six points of
the Sustainable Development Goals are focused on this
(United Nations, 2016). In fact, human beings are social
creatures by nature, in whic¢h studies show that the fre-
quency of contacts with others and the quality intercon-
nections is related to higher positive feelings and deter-
mine the level of well-being of each person, aimed to last
for a long term period (OECD, 2020).

The importance of social sustainability goes beyond peo-
ple usually think. In the paradigm of human development,
social well-being is obviously affected by the level of bal-
ance between economic circumstances and environmen-
tal ¢haracteristics of a place, but these dimensions should
represent only a way for increasing social expenditure and
achieving better comfort of life.
The lack of the two previous dimensions of sustainability
would result in a non-optimal outcome, but when there is
a lack of social development, including poverty, inequality
and weak rule of law, the other two dimensions would
be much more affected, such as in commercial operations
and growth. Additionally, the consequences of forgetting
this important social aspect can result in the following
main social problems (Morgan, 2017; OECD, 2020):

- Deprivation and poverty

- Crime and safety issues

- Inequality and segregation of communities

- Low quality of life

- Social exclusion

- Feeling of isolation and loneliness

For example, social isolation may result in family break-
down, loss of a job, illness, financial issues, difficulty in
social reintegration, etc.

Nevertheless, on the contrary, actions in order to achieve
social sustainability, could result in the unlock of new
markets, help to attract more business partners, or be an
inspiring source of innovation for new products or ser-
vices lines. So for instance, when there is a better social
responsibility in a company and employees are satisfied,
there is more employee’s commitment and productivity,
improvement of risk management and reduction of com-
pany-community conflict, among others (Karbassi, 2018).
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4.4 | PRECEDENT STUDIES

4.4.1 OVERVIEW

Several precedent studies are described due to their sus-
tainable relevance and inspirational help for the future
design proposal. They are presented following a concept
order: greenhouses and circular buildings, community in-
tegration and urban planning (smaller to bigger scale).

Each study describes in general terms the design concept
or goals of the project, as well as its main sustainable

strategies used and within the boundaries of this thesis.
For example, aspects within the circular economy are
mentioned, at the same time as general flows directions,
social aspects, urban environment contribution, etc.

At the end of this chapter, a brief comparison between
all the projects is presented regarding the general flows.

Project: Year: Location: Main designers: Materialization: Concept:

The Green 2018 Utretch, NL Architectenbureau Real Greenhouse within

House cepezed water, food & energy
Nexus.

Polydome 2014 De Lier, NL Except Project Polyculture and net
zero impact food pro-
duction

The Circl 2017 Amsterdam, De Architekten Real Circular building

NL Cie

The Urban Vil- 2018 Worldwide Spacel0 & Real Circular community

lage Project Effekt Architects vision; Affordable, sus-
tainable and liveable

De Ceuvel 2012-2014 Amsterdam, Metabolic and 7 Real Sustainable circular ur-

NL more experts ban complex (eco-hub)
The  Park 2010 Hoofddorp, Delta Development Construc-  Business park Master
20/20 NL GRoup, VolkerWes- tion in  plan; Cradle to cradle
sels and Reggeborgh process concept
Group (W. McDon-

ough + Partners)

Table 4.4.1.1: Precedent project list.

Objectives Ideas

Concepts

Figure 4.4.1.1: Representation of the importance of precedent studies for getting inspiring ideas for developing future concepts.
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4.4.2 THE GREENHOUSE (Utretch, NL, 2018)

: The Greenhouse (Utretch, NL, 2018):

Big apartment block or offices were aimed to be construct-
ed in a specific site in Utrecht, next to the station area,
but while the political agreements were not achieved, the
spot would remain vacant during 15 years. Meanwhile
and in order to avoid this useless space, the main goal
was to design and provide to the land a temporary, safety
and lively function as fast as possible through a tempo-
rary, functional and circular construction (Castro F., 2018).

The Green House building is mainly a representation and
result of the complex relation or nexus of water, food
and energy. In general, it consists of a restaurant based
on circular principles; no waste, temporary and remova-
ble building concept, local food supply, etc. Its aim is to
serve as a representative circular building and inspire peo-
ple, offering a special experience through innovative and
advanced workplaces, accordingly to “smart sustainable
city” concepts. The pavilion was constructed in an impres-
sive speed, within three months, and additionally, it could
be demounted and constructed again perfectly in another
place due to its prefabricated and recyclable elements.

The two-storey circular pavilion contains a vertical urban
farming (80 m2), restaurant and flexible meeting rooms.
The vertical farming can be seen from most of the loca-
tions, either from outside or inside due to its second trans-
parent skin, enabling increase food production awareness
within the urban environment.

The implementation of circular concepts started through
the early design processes, so most of the materials and
rest of waste were designed to be recycled and reused
since the beginning. Moreover, other objectives were fo-
cused on a circular operation based on reducing waste,
energy and water consumption.

The circular concepts that were followed by the Green
House for its design were (Strukton, 2019):

- Use of sustainable energy (bio-based or fully recyclable
materials).

- Usable materials and energy from waste or by-prod-
ucts.

- Extend the lifecycle of products through repair, upgrad-
ing and resale.

- Using sharing platforms to ensure an increase in the
use of products.

- Pay for the use or result of a product (pay for use).

- Limit material use and energy consumption.

- Suppliers contract in order to make them take back the
product at the end of useful life.

The main sustainable measures considered in this tempo-

rary construction were (Rethink the future, 2018):

- Demountability, disassembly details and optimization.
- Reusable materials from other buildings nearby.

- Standard construction (joints are not altered, punctuat-
ed or weld for allowing recyclability).

- Energy neutral building.

- Local energy production (PV panels).

- Underground energy storage.

- Reused furniture or made with recycled materials.

- Rainwater collection and reuse of condense water.

- Automated sensor systems.

- Green natural shading (trees).

- Double curtain wall (increase insulation from recycled
glass).

- 1st AC plug free restaurant (without electricity but with
energy-efficient ovens from renewable energy).

- Biodiversity in farming (60 varieties and 3400 plants).

- An aquaponic system with LED red lighting.

- Collaboration to “Colour Kitchen”, an organization to
prevent waste.

- Job generation for the neighbourhood (30-40 new jobs)
- Mainly vegetarian menu, seasonal dishes and local
products.

- Reusing organic waste as fertilizer for the greenhouse.
- Perforated acoustic panels.

- Internal green wall to increase indoor air quality.

- Heat exchangers & climate recovery systems.

; o i T e I
Figure 4.4.2.1: Project design of the Green House (render) (Source:

https://www.gbn.nl/uncategorized/gbn-groep-levert-herbruikbarema-
terialen-aan-the-green-house-circulaire-paviljoen-aanbouw-utrecht/

- Polydome (De Lier, NL, 2014):

Since 1960, agriculture around the world has experienced
a massive conversion towards monoculture, in which
scale and specialization of products increased. However
over the time, disadvantages of this system began to ap-
pear, starting from deforestations, manure surplus, use of
chemical pesticides and great consumption of resources,
among others (Except, 2011).

The Netherlands is the leader in greenhouse technology
and efficient production, but there have been few inno-
vations in the sector’s development. The project of Poly-
dome represents an interesting direction to find new ways
for Dutch greenhouse innovations and more sustainable
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4.4.3 POLYDOME (En Lier, NL, 2014)

practices, offering commercial scale, net-zero impact food
production, energy savings, production stability and flexi-
bility (wide possibilities and opportunities).

The project is a different and revolutionary approach that
enhances the development of biodiverse farming systems
under one unique roof, creating an inherently sustainable
cycle due to the mutual support among the elements. Ac-
cording to the authors, “the goal of Polydome greenhouse
is to combine the best of low-tech and high-tech approach-
es in order to achieve a holistically sustainable agriculture
production system” (Except, 2011, p.19). Therefore, the
aim is not trying to maintain strict control over the culti-
vation process, as in greenhouse agriculture, but designed
to function like a natural ecosystem with self-supporting
animal and plant interactions (Except, 2011).

It is expected to produce a large variety of crops and live-
stock species, such as fruits, vegetables, herbs, mush-
rooms, honey, chickens, fish, etc. In this way, polyculture
and particularly Polydome, presents several advantages,
for example (Except, 2011):

- The combination of plants and vegetables results in
healthier growing plants and less artificial pesticides use.
- Mushrooms, composting and animals produce high lev-
els of C02, which is beneficial for plant’s growth.

-The manure of animals can serve as fertilizer for plants.
- Close of energy and nutrients loops, reducing energy
and recycling waste.

- Wide variety of products, fulfilling local food needs of
an entire community and reducing transportation.

- In summary, the waste of one product can be useful for
the input of the next one, reducing other costly techno-
logical interventions.

Simulations, calculations and economic and market analy-
sis, to name a few, have been performed in order to know
the feasibility of the project. Several principles are rele-
vant for the success of the project, such as (Except, 2011):

- Self-supporting system. - Greenhouse production.
- Low-tech whenever pos- - Active polycultures.
sible. -High vyields, productive

Valuable crops over ecosystems, economically
large-scale production resilient.
(economic advantages). - Long-lasting (30-100
- Flexible performance. years)
- Diverse, social labour.

Among the sustainable goals considered in the project are
(Except, 2011):

1- Energy & materials:
- Energetically self-sufficient.
- Low or zero material inputs (renewable sources).
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- Rainwater collection.
- Recovering of local materials of value (zero waste).
2- Ecosystem & species:
- Diversity and mutual support.
- Natural ecosystem interaction, natural pollination and
protection against diseases and pest.
- Maximization of productivity/m2 through species in
both space and time.
- Maximum benefit from natural variations in lighting,
thermal and moisture through crop placement (rather
than mechanical ventilation or curtains for shadows).
- Prioritization of animal welfare.
3- Culture & economy:
- Economically viable within a short to mid-range time
horizon.
- Great quantities of high-quality products.
- Minimization of difficulties and undesirable labour.
- Flexible production, being resilient to economic fluctu-
ations and improving food security and access.
- Local food culture benefits.
- Additional opportunities to food production; educa-
tion, social uses, processing, retail...
- Reduction of food transportation.
- Longer use possibility than a conventional greenhouse,
landscape’s integration, inspiring environment space.
4- Health & happiness:
- Healthy, enjoyable environment, safe space.
- No toxic chemicals for humans or ecosystems.
- Healthy and nutritious food.
- Long term food security and improving food access.
- Source of enjoyment to both owners and local residents
through its role and relevance in the neighbourhood.
- Aesthetically pleasant appearance.

Figure 4.4.3.1: Interior vision of Polydome (render) (Source: Except,
2011).

Figure 4.4.3.2: Polydome concept overview (Source: Except, 2011).

4.4.4 THE CIRCL (Amsterdam, NL, 2017)

- The Circl (Amsterdam, NL, 2017):

Circl is a pavilion located at the Gustav Mahlerplein at the
Zuidas, near station Zuid and in front of the ABN AMRO’s
main building. It was created in 2017 by ABN AMRO bank
in order to share the knowledge and involve its clients
with the circularity concept.

In the beginning, the necessity of a new construction
arose with the objective to create more conferences
rooms for the use of the bank. However, it changed into
a circular and challenging design for that period. Nowa-
days, the building has energy label A and it represents the
sustainability objectives of the bank in order to facilitate
circular models and contribute further to a future proof
society (ABN AMRO, 2019).

It has been constructed and designed according to sus-
tainable and circular principles, such as energy efficiency,
disassembly, reused materials (minimal use of raw ma-
terials), future utility of its components, etc in order to
make the least impact as possible on the environment. All
the circular measures were taken into account during the
design phase, where good prevailed over beautiful or aes-
thetics aspect.

Circl is considered as a living lab, where anyone with good
ideas about sustainability or circularity can join the activ-
ities organized inside the building. According to the de-
signers, the pavilion is a place to learn, get inspired but
also to bring people together coming from the offices or
neighbourhood nearby.

The building consists of 3 floors with a rooftop bar, restau-
rant, conference rooms and a rooftop garden. Every kind
of people who has interest in sustainability and circular
economy are very welcome, in which they can enjoy sus-
tainability theme programmes while meeting and discuss-
ing with other interested people.

The main sustainable measures considered in this pavilion
are (Circl, 2017; Wopereis, 2017):

- PV panels. 260 panels on the roof and 260 on the outer
edge of the exterior walls of the building. (Supplier from
The Hague, thus decreasing environmental impact).

- Horizontal and vertical geothermal heat exchangers,
with 9 boreholes of 80 m deep.

- PCM on floor and ceilings in the ground floor acting as a
thermal battery, minimising energy consumption.

- Minimum waste during the construction phase and fu-
ture use of the building.

- Disassembly; screwed, bolted, clicked or clamped con-
nections wherever is possible (assembly and future de-
construction considered in the design phase).

- Avoid energy loss from the use of inverters of PV pan-
els. LED lighting and devices run on DC instead of AC.
- Limited energy consumption of 12 V.
- Lighting sensors adjustable according to the daylight
and activities of the spaces: “Sense organic”
- Lights (bulb) are individually adjusted and exchanged.
‘Reuse of materials and components (wood, partition
walls, aluminium, wood from windows, reused concrete
for tiles, 16,000 old jeans as ceiling insulation...).
- Only one elevator instead of 2 and it is paid depending
on its use (rent instead of pay and return policy after 10
years). Lift, lighting and rest of wood material as a lease
construction.
- Wood instead of concrete (structure), demountable.
- Future reuse of the park due to its Meccano parts,
linked the pieces together by recycled plastic pins.
- All materials, components and products are recorded in
“digital twin” (building passport: “LLMNT”)
- Restaurant: Catering services employ people with disa-
bility and uniforms are from recycled plastic bottles.
- Low energy consumption kitchen; 100 kW instead of
200 kW and offer of low energy recipes.
- Biodiversity on the roof garden; birds, bees, butterflies.
- Urban farming for local food production.

<] |4

Figure 4.4.4.1: Lateral side of the pavillion, where local food produc-
tion can be freshly harvested (Source: https.//www.bambouwentech-
niek.nl/projecten/circl-circulair-paviljoen-abn-amro-amsterdam?posi-
tion=2&list=Bi95qLZ6fxmNr7jxHefdGXD8_vz54rXSUULIgEXDgOU).
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Figure 4.4.4.2: Interior vision, where most of used materials were recycle
(Source: Wopereis, 2017).

: The urban village project (Worldwide, 2018):

This project follows a concept that has been spread and
materialized or constructed around the world, ensuring
more satisfactory ways of living together. It rethinks the
way home, cities and neighbourhoods are designed, fi-
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4.4.5 THE URBAN VILLAGE PROJECT (Worldwide, 2018)

nanced and shared in the future in order to improve life
quality (Archello, 2019).

Their mission is to tackle some of the current problems
humanity face in the urban environment, such as loneli-
ness, climate change, lack of affordable housing, fast ur-
banization, or ageing population, and trying to inspire and
engage others towards a more sustainable, circular and
beneficial way for everyone.

The project follows 3 main core ideas: Liveability, sustain-
ability and affordability (Urban Village Project, 2019):

- Liveability: Related to the fulfilment of unique people’s
need, adaptability to the rhythm of daily life and offer sup-
port and social life. Community life is the key to achieve
this, offering flexibility and boosting a sense of belonging.

- The community at the heart: Enhance of cross-gener-
ational shared living communities, combine private and
public spaces where people interact with the rest of live-
ly community, share and enjoy the social lifestyle and
create real relationships.

- Flexible homes for life: Adaptable apartment types ac-
cording to single, family or couple situation.

- A fulfilling daily life: Shared facilities and services in-
stalled in another block for fulfilling daily requirements
and for every type of people, ages and living situations.

- Sustainability: Seen not like a burden but like a natural
part of daily life, embedded through the management,
design and life cycle of the built environment.

- Sustainable living made simple: Introduction of sustain-
ability in a seamless way, where water collection, renew-
able energy, local food production and composting are
integrated into daily life.

- Built entirely from sustainable wood: Much more bene-
fits when using timber cross-laminated than concrete or
steel, such as mental health improvement and environ-
mental advantages.

- Designed for disassembly: Most of the components
and construction materials can be disassembled and
replaced, reused and recycled, reducing environmental
impact and increasing flexibility among users.

- Affordability: In order to make affordable homes real,
there is a focus on investors in short term and challenges
of existing development models.

- High-quality housing for less: This standardised mod-
ular building would be prefabricated, mass-produced
and flat packaged, decreasing construction costs and
increasing speed.

- Subscribe to your home: There will be an offer of dif-
ferent prices and subscriptions according to every user,
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such as monthly rate with essentials (electricity, water,
heating, maintenance and shared facilities), additional
offers (food, media, insurance, transport and recreation)
and the possibility to access ownership progressively
through buying trimestral “shares” of real state.

- New ways to own your home: There would be a pos-
sibility for people to become homeowners by creating
housing cooperative, in which “shares” of the property
could be bought. After a long time, the property would
be owned by the community, in which residents could
also sell their shares to the cooperative again.

A digital tool has been created in order to provide more
control, enhance community life and connect people to
their subscriptions, services and facilities.

A

Figure 4.4.5.1: Exterior and interior vision of the Urban Village Project
(render) (Source: https://www.archdaily.com/918417/ikea-explores-fu-
ture-urban-living-for-the-many).

) B - - O
m + 0® + & O+ ] + =

B+ W+ @+ § +alb

SLSTAINADLE GREYWATER R NWVATER o
BEVICES RECYCLING RE PR

e @@+ 80 8- av

. 5 3, 5y
WASTE l !I &= - ﬁ +* 5 - m
WASTE ORGANIC SALE OF SALE OF SALE OF
SERARATION COMPOSTING PAPER WASTE PLASTIC WASTE METAL WASTE

CO2 EMISSIONS

SAVINGS —

Figure 4.4.5.2: Sustainable measures to manage resources within the
community (Source: https://www.archdaily.com/918417/ikea-explores-
future-urban-living-for-the-many).

4.4.6 DE CEUVEL (Amsterdam, NL, 2012-2014)

- De Ceuvel (Amsterdam, NL, 2012-2014):

De Ceuvel is situated in the old industrial area Buiksloter-
ham and is one of the pioneers of the transformation of
that polluted site towards a sustainable residential area.
It is a cultural urban hub where innovation, sustainability
and art are joined.

It is considered one of the most unique and sustainable
urban development complex in Europe. The concept was
developed in order to stimulate and find new ways for
managing resources in the urban environment, trying to
be energy self-sufficient as possible and processing its
own waste through innovative ways. Moreover, it tries
to be a symbol of vanguard and social transition towards
contemporary circular lifestyle, as well as evolve and
adapt to different needs over time.

At de Ceuvel, Metabolic it has been installed technologies
that capture nutrients from waste streams, filter and col-
lect water, generate energy and monitor resource flows.
According to the designers, the clean technology used on-
site showcase possibilities in a future circular economy
(Projects mcrit, 2015). Its sustainability targets are mainly
to achieve 100% water self-sufficiency, 100% wastewater
management, 50-70% nutrient recovery and 10-30% on-
site food production (Delva Landscape Architects, 2016).
The former contaminated industrial plot has been trans-
formed into this circular economy complex, which con-
sists of these elements: workshop and rented spaces
called Metabolic lab (where people can learn and share
the knowledge about innovation and circular economy),
cafeteria (for enjoying the harvested food), greenhouse,
accommodation on floating boats and the rest of biore-
finery components (in order to create a sustainable close
loop). The designers state that the transition towards a
circular economy and society has not to do only with the
technical transition but also cultural, where people need
to learn new ways of thinking and how to apply tech-
niques and technologies. Influencing people through the
cultural programme in the enjoyable and learning rooms
(workshops, lectures, music events, films, art exhibitions)
will result to an increase of more involvement in sustaina-
bility, innovation and art.

The goal was to provide an example of a small scale
closed-loop and regenerative urban development using
clean technologies for recovering and managing the soil,
water, waste, energy and sanitation, at the same time as
providing local food production. Moreover, the creative
reuse of the waste materials coming from the site rep-
resents a key resource where still valuable elements can
be extracted. This “clean tech playground” is a space for
learning and sharing innovation and creativity, where the
goal is to make sustainability concept as tangible, accessi-
ble and fun as possible (Deceuvel. 2018).

What makes this unique ecosystem possible is the fact
that it has a private smart grid (renewable energy-based),
allowing exchanging produced energy to the grid without
any market barriers. The main sustainable measures that
were applied in this project are (Deceuvel. 2018):

- Retrofitting of old houseboats into new bed and break-
fast facility (Recyclability of second-hand materials com-
ing from all The Netherlands).

- Waste classification: Glass, paper, plastic, organic, rest..
- Phytoremediation for cleaning the contaminated soil.

- Windy jetty design (over the purifying park).

- Recycled materials for furniture (Benefit: Upcycling).

- Dry compost toilets (waste is pre-composts in the toi-
lets before being for further treated in the tumbling com-
poster. Benefit: No water is needed and the solid waste
can be used by specific treatments they developed).

- Heat exchangers to reuse over 60% of the indoor warm
air (heat pumps and an air-to-air heat exchange ventila-
tion systems. Benefit: No gas is needed, only renewable
electricity).

- Halophyte filters to process wastewater, biofiltration
system for kitchen wastewater (Benefit: Simple con-
structions where clean water is discharged into the
ground through passing different layers: Sand, gravel,
shells, plants that consumes organic matter such as ni-
trogen and phosphorous).

- PV panels (150 panels= 36,000 KWh/year, covering part
of the demand).

- Peer to peer blockchain-based energy trading system,
the Jouliette. (Benefit: Energy exchange over selling sur-
plus power, thus creating a smart local energy grid).

- Struvita reactors for capturing nutrients from urine
waste (Phosphate is recovered and mixed with other lo-
cal inputs to be used as fertilizer).

- Closed-loop aquaponic farming in the greenhouse (veg-
etables and herbs).

- Cancellation of the project biogas boot in 2019, be-
coming the first biogas boat of the world. (Benefit: It
would convert organic waste into biogas used for cook-
ing through a biodigester, using the remain digestate as
nutrients for plants and insects).

Figure 4.4.6.1: General recirculation of flows in the urban complex
(Source: Projects mcrit, 2015).
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4.4.7 PARK 20/20 (Hoofddorp, NL, 2010)
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Figure 4.4.6.2: Recovering diagram of energy and other flows in the ur-
ban complex (Source: Metabolic, 2018).

- Park 20/20 (Hoofddorp, NL, 2010):

The “Park 20/20” is a master plan project that will be lo-
cated in the South of Amsterdam, Hoofddorp, close to
Schiphol airport. It is the world’s first Cradle to Cradle
working environment which combines innovation and
sustainable designs. The program consists of high-density
offices, hotel and office tower, athletic facilities, retail and
public open spaces. In the beginning, it was a challenging
project due to the inexperience of the Cradle to Cradle
concept on an urban scale, but soon became possible and
highly effective. The park is a mixed-use, business and re-
tail centre, considered an inspiration model for sustaina-
ble design in Europe (Park 2020, 2019).

The result of the landscape design is an inspiring, healthy
and productive working atmosphere, able to stimulate
and satisfy employees. Values such as sustainability, job
satisfaction, recreation and economic growth come to-
gether in this open atmosphere. Everything is designed
according to the optimal use of natural energy production
and resources and additionally, Cradle to Cradle princi-
ples. Its aim is to be energy efficient, carbon neutral and if
possible, an energy exporter.

This business park uses an optimal ecological approach
and performs with closed systems of water and energy
in order to achieve completely human wellbeing for the
present and future generations. The water and landscape
structure function as a part of the water filtration system
and a system for green renewable energy that regulates
the cold and heat of the buildings.

Inside this complex, a Living Garden (VGH Park) has been
designed not only as a green decoration but also as a posi-
tive contribution for quality of life, biodiversity and health
of people. Landscaping and plant’s choice are important
for the enhancement of biodiversity, especially for breed-
ing critically endangered animals.

4 core concepts that were followed in the design of the
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project are (Delta Development Group, 2019):
- Disassembly design (Re-mountability and flexibility).
- Service products (Leasing contracts, increasing recycla-
bility and development of products)
- Productivity and health (green and landscaping design).
- Material banking (Classification in biological or techni-
cal nutrients for promoting future recycling).

Moreover, other sustainable measures applied in the pro-
ject are (Kennon Williams landscape studio, 2019; Delta
Development Group, 2019; Park 2020, 2019):
- Passive design (optimum solar and wind orientation).
- Heat and power generation from biogas storage of hot
and cold in aquifers.
- Integrated and centralized energy system (quality air
and reduction of C02)
- Heat exchange with the shallow underground.
- Storage of heat in insulated containers. Hot and cold
storage system.
- Greenhouses and composting program.
- Central water, heating and waste management.
- Water: design of central greywater treatment on-site
based on Halophyte filter (irrigation), rainwater collec-
tion for toilets and green wastewater treatment from
the buildings and park; biogas production.
- Insulated buildings.
- Heating and cooling system for the entire complex,
allowing having thermal balanced between buildings,
thus, reducing its cost in each building.
- Waste-free, closed-loop design
- Certified materials and reusability (disassembly design).
- Integration of regenerative landscape strategies; ecolo-
gy and biodiversity.
- Effective district scaled sustainable infrastructure by
connecting different uses of buildings.
- Glasses of the buildings are from AGC, the only C2C
glass manufacturer in the EU, reducing average costs as
more units are needed in the complex.
- PV massive installation, reducing costs per unit and in-
verter devices need (45 watts/m2 of output).

One fundamental aspect of this project is the connection
and sharing system with other buildings, which allows for
obtaining greater benefits than a singular building, such
as social development, collective and technical opportu-
nities, exchange of neighbourhood flows, etc:

- Treating wastewater: The average costs of treatment

(cost per treated unit) is reduced when several buildings

are connected (costs is divided by more buildings).

- Material banks: Only worth it when a big amount of

materials are available.

- Heating and cooling system for the whole complex.

- PV wide capacity (energy generation), reducing costs

per unit and inverter devices need.

- Common recycling management.

4.4.8 CONCLUSIONS & COMPARISONS

Figure 4.4.7.1: Exterior vision of the Park 20/20 Masterplan (render)
(Source: Kennon Williams landscape studio, 2019).
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Figure 4.4.7.2: Floor plans of different flows and PV surfaces (Source:
William McDonough + Partners, 2019).

- Conclusions and comparisons between projects:

All the cases deal with the flows mentioned in the previ-
ous pages, trying to minimise their environmetal impact
by selecting the right steps towards circularity.

-Material flows:

The six former cases strive to use as many recyclable ma-
terials as possible (material passports), use of leasing con-
tracts and disassembly systems for reusing the materials
at the end of the lifespan of the buildings. Specifically,
The Urban village and Park 20/20 go for modular design,
mass production and prefabrication process in order to
decrease average costs per unit and increase speed.
-Water flows:

The majority of the projects have sustainable measures
such as water collection, aquaponics, biofiltration systems
and reuse of condense water. Specifically, De Ceuvel and
Park 20/20 have halophyte filters to process greywater
and dry compost toilets were implemented in De Ceuvel
due to its unnecessary use of water.

-Food flows:

All the projects have local food production inside or near-
by the building, consisting of greenhouses (Park 20/20) or
aquaponics (the rest), which allows having greater bene-
fits than traditional agriculture, such as the minimum or
non use of soil, less water and energy requirement (LED
lighting) and natural filtration. Urban food production is
related closely to the other flows, allowing to close the
loop and obtain higher benefits for example in the case
of organic food-fertilizer-food production pattern. More-
over, measures for preventing food waste is considered in
The Greenhouse, where vegetarian menu, seasonal dish-
es and local products are offered.

-Soil flows:

Innovative techniques allow converting waste into fertiliz-
er, thus increasing and improving the quality of soil. For
example in De Ceuvel, struvite reactors are implemented
for capturing nutrients from urine waste and use later as
fertilizer. Moreover, phytoremediation plants clean nat-
urally the formerly contaminated soil. Composting pro-
grams in Park 20/20 and Polydome allow closing the loop
regarding waste and improving soil.

-Air quality flows:

Even though that most of the precedent cases have not
specific measures focused on the quality of air, there is
indirect benefits through the introduction of green areas,
reduction of vehicles and reduction of harmful particles
coming from toxic materials. Polydome explores a new
approach by combining the optimal natural processes
from livestock and crop production (CO2-02).

-Energy flows:

Almost none of the projects achieve zero energy, meaning
that they still rely on fossil fuels in some periods of the
year, except the case of The Greenhouse.

-Sharing system:

It is important to mention that although most of the pro-
jects do not take into account the community where is
located, there are much more benefits when sharing and
exchanging flows rather than an isolated building. For
example, in the Urban Village, exchange of apartments
allows flexibility among users, central space for common
services allows optimization and recreation, sharing en-
hance community and cohesion among different types
of living situations. Park 20/20 follows also an urbanistic
approach, in which it takes into account the connection
and sharing feature for boosting social development, col-
lective and technical opportunities and exchange of flows.

Another characteristic to be considered is the social as-
pect, where people can profit from the design project,
such as job generation for the neighbourhood in The
Greenhouse or community cohesion and participation in
Urban Village.



4.5 | TECHNOLOGY RESEARCH

4.5.1 AQUAPONICS

The objective of this literature study is to briefly describe
and find possible low tech but innovative technologies
that could be applied in the final design proposal. There-
fore, the following systems are the main important ones:

- Aquaponics:

As already known, aquaponics is a sustainable and inte-
grated production system of fish and plants that combines
traditional fish farming (aquaculture) with vegetable and
fruit farming without soil but with water in a symbiotic
environment (hydroponic) (FAO, 2014).

The main benefits of this system are the absence of soil,
faster growth due to the continuous nutrient supply, more
efficient and less water (70% less) and energy usage com-
pared to a conventional fish and vegetable farming, no
use of pesticides or chemicals, close loop, high quality of
products, no waste, adaptable to different places, no en-
vironmental pollution and biological cultivation. However,
this sustainable circulation is not enough for the growing
of fish and plants due to the necessity of external food
supply for the fish and nutrients for the plants, such as ad-
ditional iron, calcium, potassium and magnesium. Moreo-
ver, other downsides are the little adaptability to different
types of crops and fishes, fragility, sufficient knowledge of
the system, costs and continuous control on the produc-
tion (Desima, 2016).

O Oixygen for planis
and fish

Figure 4.5.1.1: Biological components in the aquaponic process: fish,
plants and bacteria (Source: Desima, 2016).

The types of aquaponics system differ in space, type of
crop cultivation, environment and technical capabilities.
The three main techniques are: Nutrient film technique
(NFT), media beds and deep water culture (DWC) (Goer-
ing, 2019):

In “Nutrient film technique (NFT)”, the waste from the fish
becomes the nutrients for the plant, after the mixture is
being pumped through specific filters that enable to break
the waste down into nitrites and later into nitrates. The
plants absorb those nitrates that are in the water pipe in
order to grow, and additionally, they are able to filter that
water before it gets pumped back into the fish tank.

The advantages and disadvantages of this system are:

- Advantages:
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-Continuous supply of wa-
ter, oxygen, and nutrients
-Space efficiency (vertical
disposition)

-Easy to access and har-

- Disadvantages:

-Susceptible to obstruc-
tion

-Filtration needed
-Higher possibility of wa-
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vest

-Lower labor costs

-Less water needed, ligh-
tweight

ter temperature fluctua-
tion

-Not suitable for larger or
flowering plants
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4.5.2 RED LSC PHOTOVOLTAIC PANELS

“Deep water culture (DWC)”, also known as raft or float
systems, it uses floating rafts in order to suspend the roots
from the plant into an aerated and nutrient-rich water.
The roots of plants float directly into a water tank about
30 cm in depth. In comparison to the previous method,
there are no media to process the solid wastes, therefore
an additional filtration system needs to be implemented,
such as in NFT. The advantages and disadvantages of this
system are:

- Advantages:

-Commercial production

cal climates
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Figure 4.5.1.2:NFT aquaponics system (Source: Desima, 2016).

“Media beds” use containers filled with gravel or expand-
ed clay in order to support the roots of plants. The bed
is flooded and drained with nutrient-rich water to give
the plants the nutrients and oxygen that they need. Un-
like NFT, the media used to support the plants, act as a
mechanical and biofilter in order to breakdown the fish
waste coming from the fish tank. The advantages and dis-
advantages of this system are:

- Advantages:
-Grows larger crops well neering
(larger roots) -Low implementation
-Good biofiltration costs

-Media (soil) acts as filtra-

tion

-Simple system, no engi-
- Disadvantages:

-Hard to scale for large
production
-Higher maintenance and

-Great for smaller scale
system

labor (more cleaning)
-Not efficient space
-Weight of the soil

[ | o
E — :
P g —~— :

Figure 4.5.1.3: Media bed aquaponics system (Source: Desima, 2016).

purposes -Easy to harvest
-Productive -Low temperature and
-Good for warmer tropi- nutrient fluctuations

- Disadvantages:

-Filtration needed
-Higher upfront cost
-Advanced technique’s
knowledge

-Space efficiency
-Weight of the water tank

Figure 4.5.1.4: DWC aquaponics system (DWC) (Source: Desima, 2016).

A derivation of these systems is the “Vertical grow tower”.
It consists of a vertical structure but it performs similar to
the other systems, especially NFT. The towers are sup-
plied with the nutrient-rich water from a pond type wa-
ter pump, which is entered from the top, allowing using
the gravity in order to flow downwards and providing the
plants with the required solution. The remaining water is
collected again at the bottom and returned into the fish
tank.

In the hypothethical future GH, due to the lightweight and
low-tech method requirements, NFT and vertical grow
tower seem to be the most beneficial system for the de-
sign proposal.

: Red LSC photovoltaic panels:

Luminescent solar concentrator (LSC) is a device made of
a type of translucent plastic that has commonly organic
dyes inside, so with the internal reflection properties, it
enables to concentrate the sunlight usually to the edges.
On these edges, photovoltaic cells are attached in order to
generate electricity (Debije, 2015) (Figure 4.5.2.1).

The main benefits of LSC are that it works either with di-

rect or diffuse light, working also independent from the
direction or angle of the sun rays. Due to its duration and
flexibility, it can be shaped in vertical, horizontal or even
curve orientation. Its range of colours and transparency
is very broad, allowing to be integrated into big or small
scale projects.

The downsides are that its energy production is not as
high as conventional PVs and that it has not been wide-
ly commercialized (Stijn, 2016), although there has been
doing several types of research about new materials such
Lumogen F Red 305 and Polydimethylsiloxane (LR305-
PDMS). Moreover, it has re-absorption losses due to the
overlap of the dye’s absorption and emission spectra, and
dye stability under solar irradiation needs to be consid-
ered. However, due to the advantage of its simplicity and
lightweight material, transparency, low cost and the pos-
sibility to select the specific light that plants need to grow
(red colour wavelength), it might be a convenient solution
for the design of the chosen greenhouse.

a b
Incident
sunlight

Light guide Luminescent Salar cell
maoleculs

Emission
light

Figure 4.5.2.1: The working principle of the luminescent solar concen-
trator. a) There is light losses from reabsortion. b) No reabsortion due to
luminiscent nanocrystals (Source: Debije, 2015).

LSC panels can vary depending mainly on its configura-
tion, materials and dyes, affecting its final efficiency (Rein-
ders, 2016):

-Type of configuration:

- Solar cells attached to ed-
ges of lightguide

- Solar cells at backside of
LSC

-Lightguide materials:
-PMMA
- Polycarbonate
- Other polymers
(often reflectors are atta-
ched to the lightguide where

- Organic dyes (perylenes,
coumarines etc)
- Non-organic dyes (Cr3+
Eu3+)
- Quantum dots (PbS)

-Efficiency (example):

In laboratory set-up: 7,1%
for a small 5 x 5 x 0.5 cm
PMMA LSC with Lumogen
F Red305 and Fluorescen-
ce Yellow CRS040, reflector

necessary) sheet and 4 GaAs cells atta-
ched to all 4 edges
-Dyes:

Figure 4.5.2.2: A potential application of the luminescent solar concen-
trator in Palais des Congres in Montreal, Canada (Source: Debije, 2015).
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4.5.3 PHASE CHANGE MATERIALS (PCMs)

“LUMO” solar panel (Created in 2011):

These standard densities (SD) panels are based on LSC
(88%), but they contain a low density of PV strips (in par-
ticular silicon photovoltaic, 12%) that are placed periodi-
cally on a panel of glass, allowing sunlight to be transmit-
ted between the strips. A thin layer of the luminescent
material (luminescent perylene red dye) is placed at the
back of the glass, letting to convert the green light into red
light (Soliculture, 2017).

The red light is known to be more efficient for the growth
of plants, and in this case, this optimized light spectrum
enhances power production in this panel. The company
has patented this panel (frameless and customizable size)
and believe that placed on roofs, they can save energy
consumption until 30% compared to conventional green-
houses. They have proved these panels around the USA,
achieving reducing until 1 week of production in some
cases (Chalmers, 2018).

The mechanical specifications of this panel (Model 114)
are (Soliculture, 2017):

-Length: 200 cm -Weight: 20.5 Kg

-Width: 105 cm -Maximum load: 222.7
-Thickness: 4.2 mm Kg/m?2

-Module area: 2.1 m2

The electrical specifications are:

-Maximum power tage (Voc): 173 V
(Pmax): 115 W -Short circuit cu-
-Maximum power voltage rrent  (Isc): 9.2 A
(Vmp): 13.6 V -Connector type:
-Maximum power Amphenol H4
current: 8.4 A -Module efficiency: 7%

-Open circuit vol-
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Figure 4.5.2.3: A schematic shows LUMO’s enhanced red light both in-
creases electricity production and optimizes the light spectrum for plant
growth (Source: Soliculture, 2017).

Apart from the design module with straight stripes (Fig-
ure 4.5.2.3), several studies have stated that “Criss
Cross” design panel is the most efficient one, achiev-
ing an energy performance of around 1,342 kWh/
year in a greenhouse of 22.3 m2 (Corrado et al., 2016).
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Figure 4.5.2.4: Different panel designs: A) Clear; B) Straight; C) Edge
Cells; D) Polycrystalline; E) Criss Cross (Source: Corrado, C. et al., 2016).

- Phase change materials (PCMs):

Thermal energy storage systems using phase change ma-
terials (PCMs) can be very useful in order to improve the
indoor thermal performance of one space, when placed
on the inner side of the facade envelope for example.

As already known, they can store and release thermal en-
ergy during the process of melting and freezing, chang-
ing from one phase to another one. When this material
freezes, it releases a large amount of energy in the form
of latent fusion heat or crystallization energy. Conversely,
when the material melts, the same amount of energy is
absorbed from the environment nearby in order to trans-
form from solid to liquid (PCM products, 2018). PCMs
are able to manage internal temperatures effectively and
efficiently, reducing the consumption of HVAC systems
and providing a comfortable and consistent working en-
vironment. PCMs also provide an efficient means of bulk
thermal storage, reducing energy use during peak de-
mand periods, reducing or shaving peak demand charges
(Greencastle innovation, 2018).

s e
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emperatire

Figure 4.5.3.1: PCM principle and function (Source: Greencastle innova-
tion, 2018).

The composition of this material can be broad, for exam-

ple (Climate Tech Wiki, 2018):
-Eutectics: It consists usually on solutions of salts in wa-
ter with a phase change temperature below 0°C.
:Inorganic materials (salt hydrates): These specific salts
are able to incorporate crystallization water during
the freezing phase, and their phase change temper-
ature is above 0°C (greater phase change enthalpy).
The benefits of these materials are: high latent heat
values, non-flammable, low-cost and readily availa-
ble. However, the disadvantages of inorganic PCMs
have led to the investigation of organic PCMs. Some of
these disadvantages are corrosiveness, instability, im-

proper re-solidification and a tendency to supercool.
-Organic_materials (parafins): Briefly, they tend to be
polymers with long-chain molecules composed mainly
of carbon and hydrogen. They experience higher levels
of crystallinity when freezing, mostly above 0°C. The ad-
vantages of these are that are chemically more stable
than the previous group, which means that they melt
congruently and supercooling does not carriage as a sig-
nificant problem. Moreover, they are more compatible
with absorption into several building materials and they
are not corrosive. However, they are flammable and have
lower phase change enthalpy, they may generate harm-
ful fumes on combustion, low thermal conductivity and
the reaction with concrete hydration might cause some
minor problems. Fortunately, the appropriate selection
and modification of the composition of these materi-
als have eliminated most of these undesired problems.

The main benefits of these materials are their lightweight
solution for thermal mass and their smooth way to con-
trol interior temperature (gradually).

There are several ways to implement PCM in the built envi-
ronment,suchasinmetalsheets, ice packs, plasticencapsu-
lation, with modified PCM, pouches, bespoke, etc. Several
companies have developed their own product in order to
implementonthewalls, roofs or flooring, such as: Insolcorp
(infinite R panel), EcoCore panels, GlassX’s Crystal prod-
uct, Dupont Energain (BioPCM), BASF (Micronal PCM), etc.

Micronal PCM product:

This product was introduced by the company BASF around
2004 and it consists of a paraffin wax storage medium in-
side a microscopically small acrylic plastic sphere, which
is able to melt and solidify. PCM is encapsulated in a high
strength acrylic polymer shell, which makes it durable
after several decades. The main benefits are that there
are no heat losses and it can be easily incorporated into
a standard construction material such as gypsum, cement
or wood fibres. For example, Knauf has developed “Knauf
PCM SmartBoard” with this product, where they state
that two layers of 1.5 cm Knauf PCM SmartBoard could
provide the same thermal capacity as 36.5 cm vertically
perforated brick or 14 cm concrete wall (Mclaren, 2015).

Inifite R panel:

Infinite R panel consists of a multilayer panel, where PCM
gelis placedinamultitude of pocketsin a flexible plasticroll
filmlocated behind the latest board. The material of PCM is
salt hydrate and when it is installed within a structure wall,
it actively stabilizes the interior temperature of the room,
absorbing heat when the temperature exceeds the desired
target and releasing heat when the temperature drops
below that target. According to the company, the panel

is 100% natural, using mineral-based raw materials such
as salts, clay and water (Greencastle innovation, 2018).

The advantages of this panel are:

-Reduced energy costs, up -Store “off-peak” for daytime
to 40% (carbon footprint re- use
duction) -Fast Payback: Heating &

-Increased comfort
-Thin, lightweight
-Easy to install

cooling savings
-Fire resistant (A)
-Non toxic and 100% natural

Figure 4.5.3.2: Collocation of Inifite R for cold climates (Source: Green-
castle innovation, 2018).

In the hypothethical design proposal of any partition wall
(mainly in the GH), a PCM sheet of this similar type could
be installed in the inner surface of the walls, due to its
lower cost compared to other thermal products, easy
maintenance and high benefits compared to the stand-
ard partition wall. In this way during winter, the amount
of sunlight can be stored during daylight (melting and
absorbing heat; reducing the temperature of the room)
and release it during the night, allowing reducing the heat
consumption and increasing indoor comfort. Conversely,
in summer, the low temperature reached at night could
be released during the day in order to reduce the cooling.
According to simulations studies in greenhouses, PCMs
could reduce until 20% of the total heat demand during
one winter season (Greencastle innovation, 2018).

The conventional system that was traditionally used in a
greenhouse in order to store the heat was based on wa-
ter storage tanks. However, PCM within a wall is designed
due to its higher efficiency. The advantages and disad-
vantages of using PCM over conventional water storage
techniques are described (Liu et al., 2016):

Advantages:

- Higher thermal energy stor-
age capacity compared to
the sensible energy storage
in water, enabling to intro-
duce smaller storages.

- Constant temperature dur-

Disadvantages:

- Higher investment costs

- Peak power during dis-
charge is limited due to lim-
ited heat conduction in the
solid state of PCM.

- Limited experience with
long-term operation of many

ing charging and discharging.
- Burner cycles for the back-
up generation unit and
therefore their CO and HC
emissions can be reduced.

thousands of charge-dis-
charge cycles.

- Risks of loss of stability of
the solution and deteriora-
tion of the encapsulation
material.



4.6 | DESIGN FRAMEWORK

4.6.1 DESIGN STRATEGY

The previous sub-chapters of the theoretical framework
were useful in order to get an idea of the measures that
could be used for creating general strategies within the
design framework, such as sustainable measures from
Precedent studies, Circular economy principle, Urban syn-
ergy concept or some low tech ideas from Technology re-
search.

-1 Vision:

Before starting to work on the transformation and im-
provement of the urban context, a refresh of the defini-
tion of the vision is needed to guide future work. From
chapter 2.4 Problem statement, a vision and research ob-
jective was defined, being the purpose as following:

To redesign a Lidl supermarket according to SCE prin-
ciples, functioning as a social and circular facility in
synergy with its local urban context, in order to help
to achieve Sustainable Development Goals (SDGs) and
improve the urban metabolism in Spangen.
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Figure 4.6.1.1: Summary of the vision and process, being design frame-
work highlighted in green shadow.

-2 Design framework:

As described before, SDGs are deeply related to the con-
cept of “sustainability”, consisting of the equal balance of
three dimensions (United Nations ESCAP, 2015). Due to
the complexity of this concept and the need to integrate
the social dimension in the final proposal, the Symbiosis
in Design (SiD) framework developed by Tom Bosschaert
in 2001, is aimed to be used as an inspiration guideline.
SiD is an integrated sustainable development model that
consists of different levels, in which ELSI (at object level)
corresponds to the most used tool of SiD (Bosschaert &
Van Zuthem, 2018).
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There are five categories in ELSI, being:

Energy & Materials ture)

(Matter) - Individual (Health &
- Life (Species & Ecosys- Happiness)
tems) -(Actions)

- Society (Economy & Cul-

These categories are interconnected among them, where
each block form the basis for the next top one, and ad-
ditionally, related to 3 dimensions (space, time and con-
text). For example, all materials are made from energy,
all ecosystems are made of materials, the economy is a
subset of culture, and individuals are part of a society, and
so on (pyramid order). Moreover, ELSI takes into account
three dimensions (space, time and context) and can be
represented in various ways; more generally or detailed
one (Bosschaert & Van Zuthem, 2018).

somct

Figure 4.6.1.2: SiD ELSI diagram (Source: Bosschaert & van Zuthem,
2018).

- 2a Action areas:

SiD ELSI diagram is updated to current context and issues
of this century, so the new design framework is inspired
by this but with a slight adaptation in order to be aligned
with the purpose of this report (Figure 4.6.1.4).

The future design will be adapted to the local citizen’s de-
mand and desires, providing rights and opportunities for
everyone. Therefore the proposal will try to respond to
the issues occurring within the four categories: sources,
life, society and individuals.

In order to consider all aspects in a more efficient way
and achieve SDGs, there is a need to work simultaneously
in the whole eight action areas. Furthermore, these ac-
tion areas are linked to each other and will need to be
addressed all of them preferably from bottom to top, but
not necessarily in a specific order.

Categories: Action areas: Sustainability

=

>
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=

o
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%Enwron-
ment

Way for achieving WELL-BEING

SOURCES

Figure 4.6.1.4: SiD ELSI adapted to the requirements of this report and
linked to the three dimensions of sustainability.

The reasons for selecting these action areas are support-
ed by the objectives of this thesis (MIMVU, 2017):

-A Material, food and flows (Sources): There is a need
to recognize and defend the natural resources of the lo-
cal context, increasing efficiency and protection, at the
same time as decreasing new inputs resources or waste.
The future proposal will need to understand the natural
flows and urban metabolism, as well as be integrated
with the natural systems of the place, preserving and
nurturing its ecological functions.

-B Species and ecosystems (Life): The recognition of nat-
ural environment and ecosystems are vital for the equi-
librium between human and nature, at the same time
as fostering local species and diversity. Several factors
of ecosystems should be preserved, understanding the
views, buildings, vegetation, urban fabric, species or
scale, to name a few.

-C Economy and culture (Society): There is a need to
boost local economic activities, cultural or recreation ac-
tivities, being the basics for living, but always related to
the context and local demands. Success spatial systems
offer opportunities for the development of all types of
activities, such as cultural (art and entertainment), rec-
reational (game and sport), economical (business and
participation) and civic life (politics and tradition).
Segregation into public, semipublic or private spaces is
needed for being adaptable to each demand and use.
Additionally, high opportunities occur in these spaces,
being able to generate different stimulations and con-
nections between people.

Social integration, welcoming and quality of spaces,
where activities and social life can take place in, will
result in higher economic development and greater im-
pact on the surrounding commercial activities.

-D Happiness and health (Individual): Marginalization
should be reduced, being necessary to increase social
and cultural biodiversity for enhancing integration, co-
hesion, participation, mental health, etc.

Moreover, universal accessibility should be provided for
all individuals, reducing undesired barriers and improv-
ing safety in favour of citizens (pedestrians). Therefore
open, adaptable and welcoming spaces are essential for
boosting integration, overcoming prejudices or stabilis-
ing emotional connection between all community mem-
bers.

Spaces designed for people should be returned, trying
to enhance and reinforce the five natural senses (taste,
hearing, sight, smell, touch) for acquiring new experi-
ences, perceptions, feelings, etc.

: 2b Indicators:

The previous action areas are quite generic and cannot
be evaluated and addressed on their own. An indicator is
a quantitative or qualitative measure that simplifies and
communicates the reality of a complex situation (Gehl In-
stitute, 2018). So there has been defined several indica-
tors that enable to evaluate and solve the issues happen-
ing in each action area, similarly to the SDGs situation. For
example, to achieve good Health, accessibility, circulation,
air quality and safety would need to be tackled.

These indicators were defined according to the thesis
objectives and supported by urban reports such as “Rec-
ommendations for urban analysis and design” of Ministry
of housing and urbanism of Chile (MINVU) and “Inclusive
healthy places” (MIMVU, 2017; Gehl Institute, 2018):

Action areas: Indicators: Ne:
re==-==-m=-m=-=-m=m= 1
| Equity, inclusion & quality | 8
HAPPINESS | of experience I

| Accessibility, circulation, air | 7
| quality & safety I
— | Local economy & business | 6

ECONOMY

‘ | Multifunctionality & spaces | 5
-: I Natural biodiversity 14
I Closed ecological & urban | 3
I processes 1
I Circularity 12
I Biophilia 1
e o o oo o e e e e ol

Figure 4.6.1.5: Principal indicators for each action areas for the achieve-
ment of SDGs.



- 2¢c Strategies:

For each indicator, there has been developed a general
catalogue of strategies, for outdoor or indoor spaces, in
order to address each action area and achieve the final
objectives (SDGs and sustainability). General circular solu-
tion routes and interrelation between flows and SDGs
were considered within the strategies. Due to the broad
range of possibilities, only the main important strategies
related to the aim of this thesis are described, which are
also reasonably supported by the previous reports (MIM-
VU, 2017; Gehl Institute, 2018).

General strategies were developed due to the lack of spe-
cific context analysis. But later on, in the design process
for Spangen and Lidl, specific strategies will need to be
selected and grouped according to the specific context
situation (Figure 4.4.1.6). Table 4.1.1.1 represents the cat-
alogue of general strategies and some examples of trans-
lation to spatial designs, which later adaptations will be
needed according to the local context. As said before, the
order for applying each strategy and solving those action
areas is not conditioned from bottom to top order, as long
as all of them are evaluated.

A- Sources & materials (Sources):

Action areas: = Indicators: Strategies:
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Figure 4.6.1.6: Summary of the design framework and rest of the pro-
cess for achieving the final proposal.
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Indicator Strategy | Code Description

Smart use | Al | Designing with basic natural elements such as water or earth brings great potentials to space, de-
of local creasing the necessity of outdoors inputs. For example, water offers tools for improving climate con-
natural re- ditions during hot days, increasing humidity, reducing Urban Heat Island (UHI), encouraging game
sources activities, biodiversity and coexistence within the space.
Profit of cli- | A2 | Smart adaptation and profit from climate conditions leads to less efforts and rise of efficiency.

o matology

= Shelter | A3 | Passive design play an important role, in whic¢h natural shelter should be searc¢hed. For example,

,8‘ against cli- trees provide natural shadow, shelter from rain and sun flashes.

f matology
Low tech | A4 | Smart and sustainable use of natural resources should be considered at the design phase and fol-
measures lowing a hierarchy of sources: Reduce, reuse, recycle. Moreover, low technology and synergy be-
and circu- tween facilities should be followed.
larity of
materials
Low tech | A5 | Smart and sustainable use of natural resources should be considered at the design phase and fol-
measures lowing a hierarchy of sources: Reduce, reuse, recycle. Moreover, low technology and synergy be-
and circu- tween facilities should be followed (llocal treatments, rainwater collection, underground storage..)
larity of
water

= Low tech | A6 | Smartand sustainable use of natural resources should be considered at the design phase and follow-

E measures ing a hierarchy of sources: Reduce, reuse, recycle. Moreover, low technology and synergy between

§ and circu- facilities should be followed (heat district, local energy production, biogas, waste heat reuse..)

O larity of en-

N ergy
Low tech | A7 | Smart and sustainable use of natural resources should be considered at the design phase and fol-
measures lowing a hierarchy of sources: Reduce, reuse, recycle. Moreover, low technology and synergy be-
and circu- tween facilities should be followed (composting, reprocess on-site food waste, food production..)
larity of
food

Indicator Strategy | Code Description
o Low tech Smart and sustainable use of natural resources should be considered at the design phase (combina-
f_§ measures | ag | tion of animals and plants, vegetation, hotocatalysts materials...). Combination of air polluters and
g and circu- filters would be beneficial for improving air quality.
© larity of air
o~

Table 4.6.1.1: Strategies and conversion to spatial design for the action area: Sources and materials, and category: Sources

B- Species & ecosystems (Life):

Indicator Strategy | Code Description
Connection B1 | Every space get benefits from a direct ecological connection with the surrounding natural systems,
to natural so the design should establish this ecological path by presence of water, greenery, animals, eath
system paths (soft) over concrete surfaces (hard)...
4 Visible eco- B2 | Visible and understandable ecological process encourage the emotional connection of the commu-
wv
P logical pro- nity members with the space. Moreover, those ecological process should be not static but healthy,
§ cesses diverse, resilient and complete (visible water natural purification, bee hubs, bird nest..).
o
s Under-| B3 | The new design should respect the natural ¢haracteristics of the space, understanding the natural
g standing process of water, living species, etc. When possible, improvement of process and close of loops will
o3 ecosystem be performed by adding or removing factors.
8 and  pre-
@ serve them
o
o Under-| B4 | The new design should respect the ¢haracteristics of the space, understanding spatial uses, mor-
o standing phology, movement of people, etc. Moreover, it should preserve architectural elements, enhance
8 urban fac- the cultural heritage and arc¢hitecture, emphasize local uses, events, memories and local identity
o tors and (alignment with the existing geographic features, respect of typologies urban fabric by reinforcing
preserve its legibility and its presence, materiality, texture and colours adapted to the site..).
them
= Natural bi- B5 | Increasing natural biodiversity results in greater possibilities to create interconnections and inter-
v odiversity actions due to different species. Moreover, variety results in a more reach value and quality of the
g space. Creation of diverse floral and fauna landscape is appreciated by users, especially singing
E birds, butterflies, aesthetic and colourful vegetation, etc. Other possibilities are: Different typology
% of plants, trees, animals, shrubs, different dimensions, colours, smells, ...
5
5 Local spe- | B6 | By enhancing the introduction of local species, not only creates cultural and valuable space for
z cies citizens within the context but also encourages the preservation of local identity and more efficient
<

settlement and use of resources due to local species are adapted to the local context.

Table 4.6.1.2: Strategies and conversion to spatial design for the action area: Species and ecosystems, and category: Life

C- Culture & economy (Society):

Indicator  Strategy | Code Description
Multifun- | C1 | Spaces should be designed for encouraging to develop a variety of recreational activities (flexible,

E cionality open, wide and adaptable spaces). The diversity of the spaces attracts people of different social

! groups, ages, genders and culture, increasing the diversity of users.

]

Q Active| C2 | Diversetype ofactivities should be included, such as physical (sports, dancing), recreational (games,

gE spaces eating), cultural (teaching, learning, exposition, music...) and social activities (¢hatting).

S

S Passive C3 | Actions like resting, reflection, observation, sitting spaces should be also encouraged by ergonomic

Lh spaces benches, privacy and protection, views and right orientation, peaceful natural sound (birds, wa-
ter...). Passive activities are also desired and allow people enjoying peace and views. It is another
form of interaction between the surrounding environment and people.
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Indicator Strategy | Code Description
§ Coordina- | C4 | Furniture and facilities for diverse activities are not enough for ensuring the quality development of
't > | tion of ac- activities. There is a need to involve administrative organizations or neighbourhood associations in
=
§ = | tivities order to keep an active role in the organization and coordination of the activities. Moreover, they
; é are likely to promote ongoing community development, being crucial for improving social resilience.
&
- Human C5 | Spaces should be designed for humans, being necessary to pay attention to proportions and satisfy
§ scale the demand of users (small dimension of furniture and spaces for enhancing social interaction).
Q
é Subdivision | C6 | Usually, big spaces are cold and reduce the possibility of social interaction and comfortability.
“E of big spac-
o es
o
th Avoid sud- | C7 | Changes in level have not only consequences in accessibility but also in the visual connection of the
den chang- landscape, therefore gradual and soft ¢hanges in level are aimed.
esin level
Climate C8 | Profiting the positive aspects of climatology, allowing the creation of favourable microclimate.
Moreover, shelter from climatology is needed in order to protect users and ensure their satisfaction.
Well main- | C9 | Keeping the spaces clean and in good state reduce the risks of having vandalism and starting the
tenance of degradation process of the area. Moreover, the lifespan of installations can be extended and users
spaces can still enjoy them. Well-kept spaces also promote respectful behaviour of their users.
Business | C10 | Business and public spaces have symbiotic relation because spaces obtain great benefits from the
ecology business area (active space) and business obtain benefits from the proximity of streets, being safety
and nice area to walk and pass time (permeable facade, terrace, stores with attractive showcases...).
Local mar- | C11 | Markets are a great vital focus in urban life, extending its vitality towards other proximity areas.
ket
Fairs and | C12 | Fairs and temporary markets activate spaces in an efficient and quick way, at the same time as ex-
temporary ¢hanging economical benefits.
markets
ﬁ Gastrono- | C13 | Gastronomy plays an important role, not only for the local economy but also for the activation of
= my spaces. Flexible and adaptable gastronomy should be searched in order to encourage streets and
2 satisfy the local demands at any time and to everyone (food production, restaurant, selling point..).
o3
E Local em- | C14 | The local economy is favoured when income and expenses stay in the area or neighbourhood. In
S ployment order to improve the situation, employment rates should be raised, and additionally, recruiting first
8 of all, woman, disadvantaged people and citizens in need.
(0]
S Partner- | C15 | Small local business should look for cooperation in order to increase visibility and other benefits.
—'? ship  with
© local busi-
ness

Table 4.6.1.3: Strategies and conversion to spatial design for the action area: Culture and economy, and category: Society.

D- Health & happiness (Individual):
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Indicator  Strategy | Code Description
Multimo- | D1 | The project should give priority to sustainable and healthy modes of transport, such as pedestrian,
dality bicycle and public transport. Although there should be a differentiation between motor vehicles and
pedestrians (+ bicycles) through ¢hange texture of surfaces, obstacles or furniture...
Direct and D2 | Spaces should provide direct and easy access for pedestrians and bicycles (wide access and hall in
E welcoming the entrance). Access needs to be easily identifiable, understandable, safe, comfortable and direct
g access (ramps and lifts if needed). Moreover, the connection between border and centre should be smooth
4 and without obstacles, in favour of permeability (remove borders in the perimeter of spaces).
Q
Q
< Universal D3 | Obstacles and architectural barriers should be removed in order to enhance those people with re-
~ accessibil- duced mobility, such as elderly people or in a ¢hair.
ity

Indicator Strategy

Code

Description

Legibility

People cir-
culation

7- Circulation

Co-living
streets

Air  purifi-
cation

7- Air quality

Traffic pro-
tection

Lighting (&
well main-
tenance of
spaces)

Connection
interior-ex-
terior

7- Safety

Active and
lively spac-
es 18h/day
Integration
over segre-
gation
Diversity

Gradients
in  privacy
&  public
spaces

8- Equity & inclusion

Visible
identity
Stimulation
of sight

Stimulation
of hearing

Stimulation
of smell

Stimulation
of touch

8- Quality of experience

Stimulation
of taste

D4

D5

D6

D7

D8

D9

D10

D11

D12

D13

D14

D15

D16

D17

D18

D19

D20

The spaces of the proposal should be understandable for the users, who should be able to orientate
and move freely around the space (easy recognition of paths through eye-catc¢hing furniture, sculp-
ture, etc). Moreover, the introduction of clear visual lines in the projet will be useful for allowing
people to know where to go and locate the objects that are next to them.

In high flow areas, there is a need to make a difference between active and passive spaces through
different pavement, furniture organization, etc. Identification of natural tendencies of people should
be analysed, in order to respect and enhance their pedestrian trajectory.

Co-living streets are spaces where all modes of transport (pedestrians, bikes and motor vehicles)
can circulate around the same space without the necessity of segregation. As the case of “Super-
block” in Barcelona, the fact of sharing allows citizens to obtain wider spaces, and reduce velocity.

Air contains many pollutants that are harmful to health, being air purifiers, greenery, etc needed.

The existence of motor vehicles should be reduced, ensuring safety among vulnerable users and
avoiding obstructing pedestrian circulation (remove car presence, ¢hange in pavement...).

During the night, lighting is essential in order to provide a sense of protection among users. It is
important to use lamps with appropriate tone and value of light, avoiding contrasts between bright
and dark areas. LED lighting and transparent walls (glazing) are preferred.

Indoor activities and outdoor activities should be mixed and interconnected through the permeable
facade. By having a closed facade, outdoor spaces could enter in desolation condition or insecurity
and vice versa. Moreover, views improve security and perception of the space.

Keeping active spaces during the whole day ensure safety and can reduce criminality and vandalism.

Spaces should be designed for social integration and co-living of different groups of the community,
emphasizing mixing spaces, because no individuals or groups should feel excluded.

Activities and spaces should be designed for all genders, ages and ethnicities, as well as activities
for groups, couples or individuals. For example, a space where there is a balance of gender among
users, it is perceived as more safe and inclusive area.

In order to make more appealing the spaces and invite everyone to join, there is a need to provide
different levels of privacy, including semiprivate or semipublic spaces. The variety and connection
between these levels of privacy result in multiple interaction possibilities. People can ¢hoose be-
tween having passive participation (observation) or else being in the core of the activity.

An interesting way to create an identity and feel part of a community is the introduction of personal
or culture details that brings memories to people and allows to feel close to home.

The majority of the stimulus that is perceived come from sight, being important to consider it.
Moreover, important aspects should be placed at the level of the eyes rather than at higher levels.

Many outdoor spaces suffer from a high level of noise contamination, so reduction of undesired
noise is aimed by placing barriers or other acoustic scenarios. Sounds from natural processes such
as water or animals might improve the quality of space and boost interior peace among users.

Project should enhance smell sense, which could generate some of the most vivid memories of
user’s experiences. Undesired smells should be reduced as much as possible by introduction or
combination of bad and good smells.

Each material reacts different according to cold or hot temperatures, generating higher comfort and
benefits if it is chosen properly according to climate conditions. Textures on surfaces play also an
important role, being nice or not to the skin feeling.

Even though it is not very common, the project could provide new taste experience through fresh
organic food, cafeteria..

Table 4.6.1.4: Strategies and conversion to spatial design for the action area: Health and happiness, and category: Individual.
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5.1 | SPANGEN

5.1.1 CLIMATOLOGY ANALYSIS

For the implementation of the future proposal, it is im-
portant to understand and analyse, in general, the nat-
ural factors such as climate context in order to profit as
much as possible the natural resources of Spangen (World
weather online, n.d; (Meteoblue, n.d.).

Temperature:

Based on the latest performance, the average tempera-
ture in Spangen can be from 7 °C in December until 21 °C
in August, whereas the minimum temperature can reach
4 °C in January and a maximum of 23 °C in July. These
temperatures will influence the future outdoor activities,
crop temperatures requirement, energy production, etc.

+20°c
+15°C

+10°¢c

0°c
Mar '19 May '19 Jul'19 Sep'19 Nov '19 Jan'20 Mar '20

— Max Temp (°c) — Min Temp (°c) Avg Temp (°c)

Figure 5.1.1.1: Maximum, minimum and average temperature (°C)
(Source: World weather online, n.d).

Rainfall and rainy days:

The annual precipitation in Rotterdam is around 782 mm/
year and an average of 60 mm/month. According to Fig-
ure 5.1.1.2, April is the month with least rain in Spangen,
occurring during 15 days and an amount of 24.7 mm. On
the contrary, a maximum of 25 rainy days occurs in Febru-
ary, accounting for 105.6 mm.

It generally, Spangen is a rainy area, having rain every
month during the whole year and around an average of 20
days per month. This is a beneficial aspect to consider in
the design due to the potential water collection capacity.

+100mm
+ 75mm
+50mm

+25mm

Mar '19 May '19 Jul'19 Sep'19 Nov '19 Jan 20 Mar 20
Rain (mm) @ Davs

Figure 5.1.1.2: Average rainfall amount (mm) and rainy days in Spangen
(Source: World weather online, n.d).
Snowfall and snow days:
There has been little snowfall in the last period, barely
being the highest amount occurring in February during 2
days, resulting in around 14.2 cm of snow. In general, as
the temperature of the Earth arises, there is a trend in less
cold winters and hotter summers.

Wind:
Wind in Spangen is relatively low during spring, summer
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and autumn, reaching around 14 Km/h, although it can
reach an average peak of 27.2 Km/h, maximum wind
speed of 34.9 Km/h and gust of 41.1 Km/h in February.
The predominant direction of the wind comes from the
South West side, having a wind speed of around 19-25
Km/h during an average of 341 h/year (Meteoblue, n.d.).
However, even though in the rest of areas wind blows
softer, North-West and North-East direction should be
also considered in the future design.
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Figure 5.1.1.3: Windrose in Spangen (Source: Meteoblue, n.d.).

Cloud and humidity:

The Netherlands and Spangen is a humidity area, reaching
the least humidity in April (63%) and a maximum of 83%
humidity in January. Moreover, the least cloudy period oc-
curs in April (38%) whereas in February reaches 73%.

This will have effects on the final proposal regarding en-
ergy production, outdoor activities, future crops, material
outdoor resistance, etc.

Sun hours and sun days:

October is the month where least sunny days are (3 days)
and February where least sun hours are (95 sun hours).
However, the peak sun hours occurs in June with 323.5 h
and the higher sunny days occur in Marc¢h and April (15
sunny days/month). The number of hours will affect indi-
rectly the well-being of people in Spagen because, from
own experience and observation, citizens are likely to
sunbathe and enjoy sun rays whenever they can. Moreo-
ver, this will influence the possible crop production, out-
door areas and activities, life on streets, etc.

+ 300hr
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+ 100hr
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Sun Hour (hr) @ Sun Days
Figure 5.1.1.4: Average sun hours and sun days in Spangen (Source:
World weather online, n.d).

5.1.2 URBAN CONTEXT & FACILITIES

Spangen is one of the 9 neighbourhoods of Rotterdam,
belonging to Delftshaven district, and consisting of around
65 ha of extension and around 10,400 habitants (Wiyn-
stekers, 2018). It is the neighbourhood that is aimed to
be improved, not only from an ecological perspective, but
also from a social one, so an brief analysis of its historical,
urban context and facilities is developed.
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Figure 5.1.2.1: Map of Spangen, with main important street (red line)
and boundaries names (dash red line) (Source: https://www.cadcollege.
nl/cadtools/Conversie/Kaarten_AutoCAD.htm). ON
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Figure 5.1.2.2: Aerial view from South of Spangen neighbourhood
(Source: https.//www.aerophotostock.com/media/b0Oac62f2-ccO4-4dec-
99d5-97399b366851-spangen-rotterdam-nederland-30-juni-2015-span-
gen-is-eenwijk).
- Historical context:
It is important to understand the factors that marked its
socio-economical development until its current decadent
situation, because opposite of what is today, Spangen was
constructed 80 years ago (around 1920) and it was con-
sidered a sign of promise (Burgers & Kloosterman, 1996).

Although there have been efforts for slowing down its de-
grading pace, Spangen is one of the many Western neigh-
bourhoods that still trying to get out from the misery and
effects of economical restructure that began in 1970.

The early industrialization and end of capitalism brought
social misery and marked the end of the traditional Span-

gen. The demand increase of skilled jobs (mostly services)
from unskilled type, along with the automation or relo-
cation of factories, has put the traditional working-class
out of work (Burgers & Kloosterman, 1996). Moreover,
from 1970, there was an increase of migrants looking for
affordable and ¢heap houses, ¢hanging its demographic
and low-income population and resulting in a declination
of population and socioeconomic base. In the end, along
with the declination and location ¢hange of Sparta sta-
dium, led to the promotion of Spangen as an extremely
dangerous neighbourhood around 1990, increasing more
its degradation process (Wikipedia, 2018).

: Urban context:

Spangen has approximately a symmetric and round
shape, being the boundaries delimited by the Delfshaven-
se Schie (East), Spaanseebocht (West) and Mathenesser-
weg (South), as seen in Figure 5.1.2.1 with red dash lines.
Although a bridge over Delfshavense S¢hie was construct-
ed, there is still nowadays noticing a differential level of
the ground that splits Spangen into two areas due to the
Mathenesserdijk and the railway (Rotterdam Lives Foun-
dation, n.d.) (Figure 5.1.2.1 in red line).

The urban planning of the neighbourhood has been thor-
oughly designed, following concepts of hierarchy, orienta-
tion and monumentality. Moreover, greenery has been an
integral part of the urban design too, having 3 main green
parks, squares and several trees along the main streets. In
general, Spangen has good public access, being the main
access routes through Mathenesserweg with Mathenes-
serbrug, whi¢h connects with Middeland / Het Nieuwe
Westen areas on East side and Marconiplein and Tjalk-
laan on West side. On the North side, Horvathweg forms
the main access route and in direction to NS Schieveste
station and Rotterdam central (Gemeente Rotterdam,
n.d.). The residential area is the result of several housing
projects, having and sharing communal courtyards, and
most of the facilities are located in Mathenesserplein and
along the Mathenesserweg street. Residential houses
are formed by 15 different sets, which is a combination
of several building blocks that have similar a architectural
design (Gemeente Rotterdam, n.d.)

Ensamrbles

o
Figure 5.1.2.3: Different 15 sets that exist in Spangen’s residential houses
(Source: Gemeente Rotterdam, n.d.). ON
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- Facilities:
Spangen has 4 national monumental buildings, being Het
Justus van Effenblok, Het Kasteel of Spartastadion, con-
struction bloc¢k of Mathenessedijk/Spangesekade and
Mathenesserhof (Steenhuis stedenbow, 2009). Regarding
amenities, there are 4 primary sc¢hools, restaurants, su-
permarkets, hairdressers, parks, clubs, among others, but
with lack of cultural or administrative buildings.

As said before, the differential level of the ground splits
Spangen into two areas, in whic¢h it can be noticed that
the Southern part has a more integrated neighbourhood,
it lacks of social and sportive activites ¢haracterized from
the Northern side. In order to balance the two areas of
Spangen, as well as considering the location of Lidl (green
colour), the Southern part (orange) is ¢hosen as the first
area of study. However, it might occur later that the study
area needs to be scaled up and increase the initial bound-
aries in order to obtain greater synergy within the com-
munity and facilities of the neighbourhood.

~Northern pa

Figure 5.1.2.4: 3D model with delimitation of study area (Southern area,
from South-East).

2o = n :
Figure 5.1.2.5: Aerial view of Lidl urban area (from North-East) (Source:
Google maps).

T — T

Figure 5.1.2.6: 3D r;mde/ of L/'d?urbun area (from N\orth-West)
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According to a thorough analysis conducted with the help
of Google maps and fieldwork, the number of households
in this Southern area is 1,264. Considering an average of
2.19 people in a household (The Netherlands Nutrition
Centre Foundation, 2019), the total number of population
is 2,768 in this Southern area.

SPANGEN NEIGHBOURHOOD (Southern part)
BLOCK DESCRIPTION BLOCK N2 HOUSEHOLDS UEILBID POPULATION
HOUSEHOLDS
(average of 2.19
Letter - Figures Total figures people per

household)

42+44
A Lidl 42 155 339.45
27
B Upper left corner 114 114 249.66
C Residence 2: 126 275.94
D School 59 59 129.21
E Upper right corner 121 121 264.99
F Bottom left corner 115 115 251.85
G Left bottom 151 151 330.69
H Middle bottom 17020 172 376.68
. 67
! Right bottom o8 135 295.65
. 83
J Bottom right corner 3 116 254.04
TOTAL 1,264 2,768

Table 5.1.2.1: N2 of households and people living in this Southern area.

These are the main facilities regarding the study flows:

FACILITY BLOCK

TYPE OF FACILITY NAME OF FACILITY DESCRIPTION letter
. . Kiddoozz Kinder garden D

Learning / social - -
activities Mariaschool Primary school D
Stichting Openhaard Social club D
Lidl Supermarket A
Toros Bakkerij Turkish food, also veggies & fruits A
Supermarkets - -
Ooms Also veggies & fruits F
Slagerij Nador Also veggies & fruits |
Vishandel Ooms Fish F
Kebap Duriim Evi Turkish F
Pizza Amore Italian H
Restaurants / street — .

food Onur Firini Donner, pizza J
Eethuis Kon Moi Chinese & suriname J
Bakkerij Jamama Desserts and bread J
Diriim Evi Turkish J
Bar Spangen Coffee F
Satendam Coffee G
Cafeterias / Maak Rotterdam Coffee H
restaurants serving Cyprus Beer E
coffee Vishandel Ooms Restaurant serving coffee F
Pizza Amore Restaurant serving coffee H
Dirtim Evi Restaurant serving coffee J

Table 5.1.2.2: Name, description and block number of facilities, organ-
ised according to the type of services or uses.

5.1.3 EXISTING INITIATIVES

The main and relevant initiatives are explored in order to
know and be aware of the future improvements of Span-
gen neighbourhood and to make, if possible, the future
proposals in alignment with them. However, due to few
associations in Spangen, general initiatives for Delfshaven
that will have effects on Spangen will be briefly described.

- Delfshaven:

-Delftshaven committee:

This committee is formed by 15 ¢hosen residents in or-
der to give advice to the city administration of Rotterdam
for the improvement of the neighbourhood. They have
published a report in which 5 objectives are set for 2019-
2022 period. According to their analysis (divided into 3
domains), the community has still the following issues,
resulting in a general dissatisfaction (Gobiedscommissie
Delftshaven, n.d.):

-Physical index:  -Security index: -Social index:
- Housing insu- - Slight increase - Problems with
lation. of violence  Dutc¢h language.

- Qutdoor noise. threatens.
- Dirt on streets.

- Scarcity or bad
management of
- Excess velocity greenery spaces

Insecurity in (much hard sur-
bike lines. faces).

The following 5 objectives are planned to be improved
(Gobiedscommissie Delftshaven, n.d.):
-1 More connectivity through diversity, more reunion
places for residents and stimulate own initiatives.
-2 More green and friendly spaces for everyone (improve
connectivity, stimulating spaces, and green recreation
for all ages; gym, water use and playgrounds)
-3 More clean and car safety (better trash management,
attention to cyclists and public transport accesses)
-4 Opportunities for young: Health, education, parent’s
support and young employment (problem’s orientation,
nutrition guide, talent’s, motivation development...).
-5 Help for elderly, woman, healthy lifestyles investment,
language lessons, etc..

-WUJ Delftshaven:

It is political movement formed by a network of residents,
collaborative initiatives and self organizations, founded in
2013, in order to build a better society through the in-
crease of citizen’s participation and political transparency
(Design Scapes, 2018).

These are their objectives (Wi Delftshaven, n.d.):
-1 Inclusivity: Inclusion of 175 cultures and the need for
a mixed neighbourhood with meeting rooms, communi-
ty centres and community gardens.
-2 Social poverty: Reduce dropout of s¢hools and crimes,

stress and broken lives from poverty issues. Better ac-
cess for good debt counselling, talent’s development...
-3 Neighbourhood economy: Local economy growth
with social base and ecological roof.

-4 Circular sustainability: Think about reuse of waste, en-
ergy transition or modern digital production methods,
among others, though innovative companies offering lo-
cal employment opportunities.

-5 Social real state: Increase of a healthy network of
spaces in every neighbourhood and fight against the re-
duction of social initiatives and community centres (so-
cial value restoration).

-6 Democracy: Complimentary local democracy and par-
ticipatory, for managing often different topics such as
distric¢t budgets, local referendums, theme groups...

-Groene Connectie:

Groene Connectie is a green and ecological initiative for
Delfshaven that appropriates the land of old railways in
order to create gardens and community parks, and result-
ing the green backbone for the community of the district
(De Vrieze, 2018). The green line of 8 Km extension, not
only offers greenery paces and connects to other green-
ery initiatives of each neighbourhood, but also connects
the tourist points of the district (highlighted in red colour)
(Groene Connectie, 2016).

Figure 5.1.3.1: Plan of Groene Connectie for Delftshaven. (Source:
Groene Connectie, 2016) ON

- Spangen:

Based on fieldwork, interviews and municipality’s reports,
two social clubs were found for providing social activities
and basic services to people in need.

-Sti¢hting Openhaard:

Stichting Openhaard is a foundation from 2007 with the
objective to contribute for a better and harmonious socie-
ty without considering ethnicity, age, religion, philosophy,
etc. It consists of 2 facilities that are located in Rotterdam
city and the South of Spangen neighbourhood, in which it
works as a social community building, providing meeting
rooms, activities for elderly and c¢hildren, social meetings
and rent of rooms, among others.

731



The foundation tries to achieve a better cohesion within
the neighbourhood and contribute to better-balanced in-
tegration of migrants in the country. Moreover, it has the
following objectives (Stichting Openhaard, 2017):
-1- Active youth and -3- Stimulation of person-
women population al development of young
-2- Solutions for dealing people
with integration issues -4- Skills study progress

The foundation works on projects that are conducted
usually in collaboration with third parties and with limited
resources for the integration and stimulation of elderly,
young and minority group (Stichting Openhaard, 2017).

The facility, located in the Southern part of Spangen, tries
to achieve a total of 60 activities per year, organizing sev-
eral workshops and activities (through volunteers and in-
ternships), such as (Stichting Openhaard, 2017):

- Languages and collaboration -Informatics
instrument les- with police, fire - Excursions
sons brigade and oth- - Turkish coffee
- Cooking er authorities). - Sewing

- Indoor football - Dancing lessons - Kick-boxing

-Conferences (in - Reading

- Photography
. _

Figure 5.1.3.2: Interior spaces of Stichting Openhaard (Source: Stichting
Openhaard, 2017).

-Westervolkshuis:

Opposite to the previous social facility, this is mainly fo-
cused on administrative purposes for fighting for the
rights of Spangen citizens. However, it also works as a so-
cial building in order to boost community feeling, reduce
loneliness, provide food to disadvantaged neighbours,
and organize some cultural activities, such as:

- Languages lessons - Sewing workshops
- Food service for people - Annual cultural parties
in need (once per week) -Kids activities

On the other hand, the rooms of this facility can be rented
for around 15 Euros/hour average in order to enjoy the
services of the area, for example:

- Pool room - Music room

- Leisure activities room - Dining room

- Flexible space - Conference room
- Cooking room

A very interesting and productive conversation came from
the organizer of the food-service event, called Anne. She
was the one who fought the most for reducing criminality
in Spangen and started to pay attention to people in need
by providing social services and activities. Nowadays, ac-
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cording to her, people who feel lonely and are in bad so-
cio-economic situation can receive a menu for 3 Euros.
This event is performed once a week, in which the amount
of people who come to profit this opportunity is around
80 persons per day. Mostly old people who feel lonely
and without many sources come to this place to gather
and chat with other neighbours, spending around 4 hours
average. This activity is organized by volunteers and the
provision of food comes from economic donations.

One important fact that she mentioned was that there
used to be more social clubs before but they were gone,
remaining only two in Spangen.

Figure 5.1.3.3: Interior spaces of Westervolkshuis: Pool and kitchen room
(Source: https://www.ruimtehurenindebuurt.nl/rotterdam-delfshaven/
spangen/westervolkshuis/musicroom).

-Elevate Rotterdam:

Apart from the previous two social clubs, this is the only
facility that provides classes in the Southern part of Span-
gen, consisting of a mix of hip hop and modern dance for
all gender and age (Rotterdam Sport, n.d.).

-Urban waterbuffer Spangen:

Although thisis not a proper initiative, it is interesting from
the sustainable perspective, being the only sustainable in-
stallation in the neighbourhood. It is an experimental pro-
ject located next to the stadium (North) which provides a
sustainable water supply for its football installations.

In general, it consists of a solution for the heavy rainfall
and floods occurring in the area, at the same time as reus-
ing and purifying rainwater through phytoremediation for
irrigation of the football field. Moreover, it solves the am-
bition of residents of Spangen for improving the greenery
in the neighbourhood. From around 40,000 m2 of water
collection surface, water is stored underground to avoid
flooding (in a water buffer tank). Then it is sent to the phy-
toremediation tank for its purification. The clean water is
stored in the underground aquifer and pumped when is
required. Moreover, there is a fountain in order to provide
water activities and be used during hot days (KWR, 2019).
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Figure 5.1.3.4: Urban Waterbuffer project (KWR, 2019).

5.1.4 ANALYTICAL DATA

One of the main objectives of the thesis is the focus on so-
cial improvements that can be accomplished in Spangen
for achieving a better quality of life within the community.
Quiality of life (Qol) is a broad definition but it is impor-
tant to investigate it because it has a significant effect on
people’s behaviour, their life satisfaction, well-being and
their overall happiness. Two different approaches can be
considered for its study: Objective and subjective indica-
tors. The objective approach is usually based on collected
data from Government or municipalities, whereas subjec-
tive approach is based on surveys focused on people’s be-
haviour or individual perception (Tabosa, 2018).

Objective indicators: Subjective indicators:

- Employment rates | - Housing & neighbourhood satis-
- Income faction

- Crime statistics - Perception of clime

- Air quality - Perception of s¢hool quality

- Residential density | - Perception of health care services
- Amount of park- | - Feelings about neighbours

land - Feelings about congestion and
- Distance to transit | crowding

stop - Satisfaction with family, friends,
- Availability of gro- | jobs..

cery/food stores - Life satisfaction, overall happiness

Table 5.1.5.1: Example of objective and subjective indicators for studying
the QoL of a neighbourhood or city.

The municipality website of Rotterdam (source from BRP-
OBI) has a wide availability of data, but only the following
topics and specific information that affects the well-being
of citizens will be useful for the study of Spangen Qol,
discarding topics such as income, traffic, education, or
politics (Gemeente Rotterdam, n.d.b):

-1- Population & households:

There has been a population increase since 2017, obtain-
ing nowadays the highest population number over the
last decade. Moreover, there is roughly equal percentage
of woman and men (Allecijfers.nl, 2020). In fact this year,
is one of the first times that Spangen surpassed Rotter-
dam population rise.
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Figure 5.1.4.1: Population as of January 1 (202
terdam, n.d.a).
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Figure 5.1.4.2: Population growth compared to previous year (2020)
(Source: Gemeente Rotterdam, n.d.a).

Spangen is constituted by mostly children, young and
adult people, rather than mainly elderly. Compared to
Rotterdam, this neighbourhood has a large working-class
population and fewer elderly population, although they
are increasing every year.

Spangen

E R . [

Rotterdam

(BN [ESRES . |
®03jn 4-11jr. @12-17jr 18-26r. 27-38jn 40-54jr. @55-64jr. @65+

Figure 5.1.4.3: Population by age classes (2020) (Source: Gemeente Rot-
terdam, n.d.a).
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Figure 5.1.4.4: Population over 65 years old (2020) (Source: Gemeente
Rotterdam, n.d.a).

According to the previous year, the majority of the pop-
ulation had migration background from Turkey and fol-
lowed by Morocco, being the third biggest group Dutch
people. However, Figure 5.1.4.5 shows that nowadays the
Dutch population has returned to Spangen, becoming the
first group again and similar to its last prosperous period.
Turkey and Morocco still being the other big groups, fol-
lowed by several EU countries, Suriname or Cape Verde.

Spangen

- i I 2 HLire 2 .I

Rotterdam

I - |-~ BN
@ Geen (NL) Suriname @ Antillen Turkije Marckko Kaapverdig&

@ Overig nict-westers @ Ov. Europese Unie @ Overig westers
Figure 5.1.4.5: Population by migrantion background (2020). (Source:
Gemeente Rotterdam, n.d.a).

The composition of households is mainly formed by sin-
gle person or family with two parents.

0% 40,73

25,8%
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Figure 5.1.4.6: Composition of households (2020) (Source: Gemeente
Rotterdam, n.d.a).

-2- Economy & work:

The employment rate is going downwards in Spangen, re-
sulting in the current effects and social issues in the neigh-
bourhood. Moreover, the average gross annual income in
the Spangen area is low (17,800 euros), being the 4th low-
est neighbourhood in the district of Delftshaven. But the
majority of jobs are indefinite or long term.
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Figure 5.1.4.7: Average gross annual income in Spangen area and in rela-
tion to the other neighbourhoods of Delftshaven (2018).

-3- Safety & Liveability:

There has been a declination of crimes over the years
(Figure 5.1.4.8), especially since 2013, increasing at the
same time the safety index and people’s perception (Fig-
ure 5.1.4.10). However, it is observed that crimes are
greater during Winter time, coinciding with fewer hours
of sun and fewer outdoor activities. Most of the crimes
are related to violent and sexual crimes, followed by van-
dalism and crime against public order, thefts and sheds
(Allecyfers.nl, n.d.).
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Figure 5.1.5.4: Number of crimes (2018) (S: Gemeente Rotterdam, n.d.a).

36

Figure 5.1.4.9: Crimes per month: November & December (2018) (Source:
Gemeente Rotterdam, n.d.a).

/

@ Spangen Rotterdam

Figure 5.1.4.10: Safety index (2014=100; 2018) (Source: Gemeente Rot-
terdam, n.d.a).

Regarding liveability, in general, even though that people
are being more responsible in Spangen, they are feeling
more dissatisfied compared to the previous year (contrary
to what happens in Rotterdam). This satisfaction is also
related to the noise, house insulation, dirt on streets, etc.
Moreover, young people can develop certain issues at
home due to their social status, such as s¢hool dropout,
loss of life orientation, disappointment, anxiety, among
others (Winstekers, 2018).
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Figure 5.1.4.11: Satisfaction index in the neighbourhood (2018) (Source:

Gemeente Rotterdam, n.d.a).

Connectivity to the neighbourhood is being improved due
to social initiatives from different associations. This effort
resulted in the improvement of connectivity feeling. How-
ever, efforts still needed for achieving as much as possible
the level of Rotterdam city centre.

-4- Care & health:
Health in Delftshaven is usually worse than Rotterdam
area, being the elderly the most disadvantaged.

81%
69%

40 40%

@ 17t/m 23 jaar 19t/m 64 jaar @ €3 jaar en ouder Rotterdam

Figure 5.1.4.12: Experience health in Delftshaven district (2016) (Source:
Gemeente Rotterdam, n.d.a).

-5- Leisure & culture:

According to bar charts, Spangen citizens are less likely
to go for cultural events than the Rotterdam area (Fig-
ure 5.1.4.14). However, people from Spangen participate
more in cultural activities than the city, but they prefer
to visit cultural facilities rather than participate in them
(Figure 5.1.4.13).

39%

22%

@ Culturele voorzieningen Culturele activiteiten | [ Rotterdam

Figure 5.1.4.13: Share that visits cultural facilities or participates in cul-
ture activties/month (2018) (Source: Gemeente Rotterdam, n.d.a).
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Figure 5.1.4.14: Share that goes out (monthly) or attends events (annu-
ally (2018) (Source: Gemeente Rotterdam, n.d.a).

5.1.5 SWOT ANALYSIS

Contrary to what it was planned, analytical surveys and
questionnaires were not able to be performed to neigh-
bours due to Covid-19. Instead, the previous information
about the analytical data of Spangen along with addition-
al researc¢h and existing Delftshaven initiative’s reports,
helped to form the base for the following SWOT analysis.
As observed in Table 5.1.6.1, mainly social and economical
aspects are discussed. Focusing on the Strengths (S) and
Opportunities (O) of the neighbourhood and through the
combination of Lidl NL sustainability goals, future meas-
ures will allow improving the current Weakness (W) and
enhance even more the (S), at the same time as reducing
the future Threatens (T).

For example, the (S) about connectivity, people partic-

More people think there is no prob- 3

o lems with the neighbourhood 11
% Rise of connectivity feeling 3
11

-

Population growth -

3

Rise of responsibility sense (awareness 3
and consciousness) 11

—
2
o&)

ipation or increase of responsibility sense will be useful
for faster implementation and acceptance of the final
proposal within the community. Future social inclusion
measures will result on one hand, in the improvement of
loneliness, racism, integration of cultures and ages and
overall satisfaction, among others, and on the other hand,
the declination of exodus or vandalism. Moreover, by in-
creasing activity during winter and nights, vandalism and
crimes could be reduced, at the same time as increasing
satisfaction, safety and people well-being. New jobs cre-
ation could improve the local economy and satisfaction,
gender equality, racism, reduced employment rate and
degradation or reduce exodus, to name a few.

However, the final and more detailed achievements are
described in ¢hapter 07 Design Proposal.

=

Low income 8

g Majority of people living lonely at 3
home

T@ Rise of unemployed people 8

== Number of robbers did not improve | 3

ﬂ'ﬂ since 3 years

] Majority of the jobs are indefinite or | 8 M Few exodus people towards the rest | -
(9, long term contract @ of NL
. . ) _ G
T 2/) E;i:nd return of Dutch native popu %ﬂa Elderly with bad experience in health 3
. :
S i ()
l Decrease of crime 3 l% Decrease of satisfaction (housing insula- 3
@ 1 tion, outdoor noise, dirt, excess velocity) 11
Q\ (9 Rise of safety 3 ?7 Problems with Dutch language 3
11 11
o o .
ﬁ Great number of visits of cultural facil- 3 e (Eg Scarcity /bad management of green- 3
ities and events éry spaces 15
Lidl Lidl
(S) STRENGTHS SDGs (W) WEAKNESSES SDGs
(O) OPPORTUNITIES Lidl (T) THREATENS Lidl
SDGs SDGs
ﬂ_@ Rise of elderly (healthy activities to reduce — )
Y [P loneliness and disaggregation). 10 @ o, Return of drug dealers & vandalism 3
11 == (violence) 10
— 5 11
% g Chlldrer?, yt?ung a.md adult Ias maln 10 6 ‘ Return of racism 3
population (integration through diversity)
11 10
88
l Urban and housing degradation 11

Great number of migrants (multicultural 10
cohesion) 11

Increase of price housing -

&

|||@ Exodus of Dutc¢h people -

Table 5.1.5.1: General SWOT analysis of Spangen related to SDGs Lidl NL (future improvements), based on previous analytical data (black colour) and

other reports from district initiatives (grey colour).
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5.2 | SELECTION OF MAIN FLOWS (F, W, A)

Once having an overview of the different flows in the built
environment (¢hapter 01) and understanding the context
of Spangen and other aspects to be considered, the se-
lection of flows result much easier. However, it should be
noted that city-scale (built environment) is not considered
in the evaluation because it goes out of the scope of this
report, but the solution for city-scale could be achieved
and extrapolated by a modular approach and repetitive
pattern of the future solution for the neighbourhood.

Achievement of further sustainable development goals
(SDGs) in Lidl and Spangen is aimed in this report but for
doing so, current SDGs situation related to flows context
need to be known. Once challenges regarding SDGs are
detected, possible measures and improvements can be
thought within Lidl redesign. Therefore, the criteria for
selecting the essential flows are related to scales (a: Span-
gen neighbourhood and b: Lidl supermarket) and Sustain-
able Development Goals (SDGs), following this order:

-5: Possible SDGs achieve-
ments if sustainable meas-
ures are applied for each
scale (a & b) and each flows.
-6: Evaluation and selection
of main interesting flows
according to a greater room
for improvements, further
achievement of SDGs and
greater impact in the Span-
gen neighbourhood.

-1: Definition of scales and
flows (+ social).

-2: Existing issues for each
scale (a & b) and flows.

-3: Existing SDGs achieve-
ments for each scale (a & b)
and each flows.

‘4:  Possible  sustainable
measures and room for im-
provements for each scale (a
& b) and flow.

The required information and respective sources for eval-
uating the selection of flows that can be of interest for
the neighbourhood and Lidl are described in Table 5.2.3.1.

So the following process is performed, but not looking
into very little details:

-1: Definition of the five flows (energy, water, food, air and
materials) and social dimension within the different scales

FLOWS (+social)

Current issues

Current SDGs

Figure 5.2.1: General steps for the selection of the final essential flows.
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SCALE INFORMATION SOURCE

-Spangen ‘Main current issues of each |-Previous graphs in
neighbour- | flows ¢hapter 05 Analytical
hood data, national reports
“Associations of Dutch
water companies” and
field work.

-Spangen -Main current SDGs c¢hallenges | -SDGs (UN, 2018) and
neighbour- | in each flows (based on Span- | fieldwork.

hood gen issues)

-Lidl super- | -Main current issues of each |:Lidl NL sustainability
market flows program report

-Lidl super- | ‘Main current achievements |-Lidl NL sustainability
market of each flows program report

-Lidl super- | -Main current SDGs achieve- |-SDGs (UN, 2018)
market ments of each flows (based on
Lidl achievemnts)

-Lidl super- | -Main future goals of each |:Lidl NL sustainability
market flows program report

Table 5.2.1: Required information and respective sources for the selec-
tion of essential flows of interest for Spangen and Lidl.

or context, being local scale referred to Spangen neigh-
bourhood and building scale to Lidl supermarket.

-2a & 3a: Energy: The majority of the housing construc-
tions have not been renovated since 1920, resulting in
poor constructions (working inefficiently, having leaks)
and infrastructures (lacking od local energy production,
heat ex¢changers and other energy-saving systems) (Burg-
ers & Kloosterman, 1996). / (SDGs: -)

Water: There are no rainwater collection tanks and sus-
tainable water reuse measures (excluding the Waterbuff-
er experimental project in the Northern part of Spangen)
in the Southern part, being water collected in roofs but
then mixed in the urban sewage systems. Due to the so-
cio-economical context, people are not able to afford wa-
ter-saving amenities, resulting in leaks and higher water
consumption. / (Partial SDGs: 12, 13 14, 15)

Food: Based on fieldwork, surplus and food waste (FW)
that is not consumed in supermarkets and restaurants is

Possible improvements

Possible SDGs

sent to the trash, accounting for several Kg every two days
average. Moreover, there is a lack of local food production
in the area, having other tertiary services such as several
hairdressers and restaurants. The only fresh and organic
products available come from the supermarkets rather
than farmers (lack of market nearby). / (SDGs: -)

Air: Even though it has greenery spaces in the boundaries
(ring) and Northern part of Spangen, the traffic is high and
dense around the ring, producing undesired noise and air
pollution. Moreover, according to statics, people experi-
ence a low level of health among adults. / (SDGs: -)
Materials: Due to old constructions, recircularity and ma-
terial passports are difficult in Spangen. / (SDGs: -)
Social: There are little efforts for improving well-being, so
Issues such as criminality and vandalism, social exclusion,
dissatisfaction, deprivation, loneliness or inequality are
common in Spangen. / (Partial SDGs: 2, 3, 4, 5, 10).

-2b & 3b: Even though that Lidl has achieved some goals in
recent years, there is still much work left to do for achiev-
ing its sustainability targets.

Energy: There has been great energy production advanc-
es in their stores, but they are still relying on fossil fuels,
achieving limited energy neutral./(Partial SDGs: 7, 12, 13).
Water: Supermarkets waste high amount of water mainly

due to freezers and fridges, and due to the lack of water
measures not appeared in its sustainability report, an as-
sumption of zero water measures is concluded. / (SDGs: -)
Food: Lidl is proud of having donated a high number of
meals, but this represent only a small percentage, being
the rest sent to biodigesters to produce energy in return.
Moreover, it does not solve its current surplus and waste
food problem. / (Partial SDGs: 2, 13).

Air: Lidl does not have any air purification measure in
their stores, an there is a high energy consumption due to
conditioning and ventilation systems. / (SDGs: -)
Materials: 90% of packaging materials are recycled. Lidl
is making progress towards re-circularity of construction
materials, being demountable or respectful with nature
but still not being totally circular. / (Partial SDGs: 12, 13).
Social: The few social achievements are focused mainly
for Lidl employees, having little social interaction with
their customers. However. Lidl organize some annual
activities but only in some particular areas, so not every
neighbourhood can enjoy them. / (Partial SDGs: 11, 17).

-4a & 5a: These are the first measures that could be imple-
mented in Spangen:

Energy: Spangen count on several spaces for introducing
solar energy production, not only in public spaces but also

SCALE | LOCATION ENERGY WATER FOOD AIR MATERIALS (SOCIAL)
cITyY Rotterdam I B
Ak ) I
Modular - High E. Consumption | - High waste water | - High FW - Air pollu- - No material |- Criminality &
| apporach (poor constructions & | - No water-saving - No local food | tion passsport vandalism
infrastructure) amenities production - Low health |- No recyclabil-|* N_O sc_)cial c_ohesion
- No exchange of flows | - Rainwater not - Non fresh ty of materials | Disatisfaction
& | nor E.recovery collected food (old construc- | No well—bemg
> . . -Loneliness
& | - Noenergy saving - No reuse of water | (no local mar- tions) Deprivation
systems (except Waterbu- ket) 5 P | lusi
LOCAL | Spangen ] ocial exclusion
‘ - No local energy ffer project) (but there are 2
neigh- production social clubs)
bour-
hood - 12:Responsible con-| - o 2:  Zero  hunger
= “ sumption & produc- 3: Good health &
2 9 ti II-bei
i o on we eing
‘§ « 13: Climate action 4: Quality education,
= 'fEu 14: Life below water 5: Gender equality,
s &L 15: Partnerships for 10: Reduced ine-
o the goals qualities
=
é - Limited E.neutral - High water con- - High FW & - E.consump- |- Still notto- |- Social initiatives for
9N sumption surplus tion due to tally circular ~ [employees
G} ¢ -Little dona- | ventilation (construction |[-Some annual ac-
E 3 tions, more - No indoor air | materials) tivities for specific
2‘ < biodigesters | purification neighbouhrood
T . -Little fresh air
o BUIL- | Lidl ; ;
DING | super- & | 7: Affordable & clean |- - 12 11: Sustainable cit-
2 | ener 13 13 ies & communities
market v 9y
£ | 12 17: Partnerships for
& |13 the goals).
- E. neutral - -Reduce FW [-CO02 reduc- |- Material circu-| - Sustainable + heal-
o | - Total gas discon- (SDG: -) - Trasparent tion larity thy environment
§ nection FW data - Carbon foo- |- Material pass-| - Create social value
(SDG: 7,12, 13) (SDG: 13, 15) |[tprint data port - Youth / kids
(SDG:11, 15) [(SDG:11, 15,17)| (SDG:3, 11)

Figure 5.2.2: Current challenges analysis with achieved SDGs and flows in Spangen and Lidl. Principal issues to be tackled (red colour) and secondary

ones due to little SDGs achievements (orange). Step 2 & 3.
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residential roofs. Moreover, the existence of Lidl super-
market allows reusing its waste heat from cooling area
to the upper residential building (with additional under-
ground storage). Heat exchangers, energy saving ameni-
ties, double glazing and better insulations could be intro-
duced in the housing renovations. / (SDGs: 7, 11, 12, 13).
Water: Being a rainy area, Spangen has enough potential
for rainwater collection in public spaces. Local treatment
such as phytoremediation systems can be introduced and
easily integrated, increasing the greenery in Spangen. Wa-
ter-saving amenities, filtering and reuse of waste or grey-
water are other options. (SDGs: 6, 12, 13, 14).

Food: Due to the demand of food within the neighbour-
hood (social clubs, households, s¢hools) and surplus from
supermarkets and restaurants, a local food redistribution
network could be introduced, therefore reducing food
waste and providing service to people in need. Moreover,
workshops for reducing food waste and profit unwant-
ed parts of products could help to reduce FW at home.
Local food production to reduce carbon footprint, prices
and increase fresher products. Recovery of FW or surplus
through the upcycling process, suc¢h as soap from kit¢hen
oil, beer from bread, juices and jams from mature fruit or
veggetables, etc. / (SDGs: 2, 11, 13, 15, 17).

Air: The introduction of greenery not only allows reduc-
ing air pollutants but also reducing undesired noise from
dense traffic. Moreover, photocatalysts materials applied
in public spaces could purify the air. / (SDGs: 3, 15).
Materials: Using recyclable materials coming from local
sources, would boost local economy and reduce waste
(closer loops). / (SDGs: 115, 15, 17).

Social: There are few social clubs compared to the num-
ber of people in need, being necessary to introduce social
spaces where people can meet, enjoy, be integrated and
satisfied. However, spaces alone do not work, being also
required organization of attractive activities, workshops,
sessions, conferences for every type of gender, age and
ethnicity. Moreover, activity occurs only in parks, being
necessary to introduce life on streets, su¢h as outdoor
terrace, markets, etc. / (SDGs: 3, 5, 10, 11).

‘4b & 5b: Lidl has achieved some of their sustainability
goals but others are still a pending task, so further im-
provements could be introduced, for example:

Energy: Exchange of energy with other facilities would al-
low to achieve 100% energy neutral/ (SDGs: 7, 11, 12, 13).
Water: Water within the store could be reused and puri-
fied on-site for non drinking purposes, reducing pressure
on water treatment plants. (SDGs: 6, 12, 13, 14).

Food: The goal of Lidl is to reduce food waste by increas-
ing more donations, but surplus should be reduced first,
by for example, designing an application where Lidl can
know in advance the type and quantity demands of the
products. Moreover, surplus food can be processed on-
site for upcycling and getting new valuable products for
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selling them back at lower price, thus reducing transpor-
tation, packaging and waste. Other objectives are to in-
crease the vegetables, fruit consumption, and healthier
food practices, so through a local food production, these
goals can be achieved, as well as adressing GHG emissions
and local partnership. / (SDGs: 2, 11, 13, 15, 17).

Air: The majority of Lidl stores are ¢haracterized for hav-
ing little natural lighting and little fresh air. Ventilation
through mechanical systems rise the energy demand, so
by adding for example simply green walls, indoor fresher
air could be obtained, at the same time as increasing in-
door atmosphere, aesthetics and smells. / (SDGs: 3, 13).
Materials: One of Lidl objectives is to reduce plastics and
packaging, so a new packaging system that could be mul-
tifunctional could be designed. Moreover, by using univer-
sal connections, material passport, local recyclable mate-
rials, standard and modular dimensions, among others,
circularity and waste reduction within the built environ-
ment could be assured. / (SDGs: 11, 12, 15, 17).

Social: Goals are mainly for Lidl employees, being nec-
essary to create a comfortable working environment
through gender equality, integration, woman representa-
tion, inclusion, etc. Similarly, Lidl could provide indoor
zones in whic¢h customers could meet and exchange reac-
tions, resulting in higher customer satisfaction and higher
profits and engagement. Moreover, by teaching custom-
ers healthier buying practices or FW reduction measures,
further benefits could be achieved for both (commitment,
participation, activity, satisfaction, waste reduction, inte-
gration, job creation etc). / (SDGs: 3, 5, 8, 10, 11).

-6: The evaluation and selection of the main interesting
flows can be performed after the previous c¢hallenges, po-
tentials and hypothetical further achievement of SDGs.
One point to be considered on the selection of flows is
that energy and material flows have been searc¢hed and
analysed in the previous thesis for Lidl company, but there
were still some limitations in their resear¢h. Another
point is to take into account the aim of this thesis, which
goes beyond the building scale and Lidl goals (mainly fo-
cused on economical savings and energy performance),
by considering other very important flows such as food
(food waste and scarcity) water (water scarcity) or air (air
pollution causing deaths), whi¢h form the basics for life.
Moreover, these selected flows (F, W, A) have not been
searched in deep and they have more social potentials,
providing more opportunities and exc¢hange possibilities
for the social improvement of the neighbourhood.

Nevertheless, the study of 3 flows could be too much to
be addressed efficiently. So although these 3 flows will be
considered and improved in the future design proposal,
air flows have less synergistic potentials and consist on a
complex range of factors (PMx, CO2, 02, etc), so it will be
less studied and discarded from the analytical research.

SCALE  LOCATION ENERGY WATER FOOD AIR MATERIALS (SOCIAL)
CITY Rotterdam
| rdam)
Modular -Local energy produc- | -Rainwater ‘Develop FW and | -Greenery | -Use recyclable - Social spaces
| apporach tion in roofs & public | collection surplus distribu- |- Photo- | materials from -Social activity
., | spaces -Local treatment | tion network catalysts | local sources program
o | -Reuse of waste heat | for reusing -Workshops (heal-| materials ‘Life on streets, not
z from Lidl water thier & upcycling only parks
g ‘Heat exchanges & ‘Water saving FW)
LOCAL | Spangen % | energysavingame- | amenities -Local food pro-
neigh- i | nities ‘Reuse of duction
bour- -Better insulations, greywater and
hood double glass... blackwater.
S 7: Affordable & clean | 6: Clean water & | 2: Zero hunger 3: Good |11 3:
'FB' energy sanitation 11 health & |15 5: Gender equality,
2 11: Sustainable cities |12: 13 well-be- |17 10: Reduced ine-
‘@ 3 & communities 13 15: Life on land, ing qualities
f_mw Q | 12: Responsible con- | 14: Life below 17: Partnerships |11 11
g sumption & produc- | water for the goals). 15
o tion, 17
= 13: Climate action
n
3:' -Energy exchange with | -Rainwater -Application to -Green ‘New multifunction|- Social indoor
E other buildings collection know exact the | walls (air | pakacging spaces for inclusion,
i -On-site treat- | food demands purifica- | -Universal connec- | integration, ...
o P ment ‘Reprocess of FW | tion and | tions -Provide workshops
e 5 -Exchange of on-site (nutrients [indoor -Local recyclable (sustalpable & .
@ . healthier education)
i o water flows recovery) comfort) | material . )
Lidl IS Local food Standard (income for Lidl,
BUIL- | super- % ocaltood pro- andard mea- waste reduction for
= duction sures ;
DING | market - . customers, higher
-Material passport | social interactions)
7 6 2 11 3
11 12 11 13 12 5
" 12 13 13 15 8: Decent work &
8 13 14 15 17 economic growth
n 17 10
11
Figure 5.2.3: Analysis of future potentials with possible SDGs in different scales and flows. Step 4 & 5.
SCALE LOCATION ENERGY WATER FOOD AIR MATERIALS (SOCIAL)
E" LOCAL Spangen
o
. BUILDING | Lidl
§ LOCAL | Spangen
3
8 BUILDING | Lidl
CRITERIAS ENERGY WATER FOOD AIR MATERIALS (SOCIAL)
" Unsearched flows
L
g Previous investigation
ﬂg Important flows for life
:GC: Social benefits by flows
o Potential synergy

WATER

Figure 5.2.4: Evaluation for the final selection of essential flows (dark purple), considering previous analysis (blue) and new other factors (purple).
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5.3 | DATA FLOWS IN NEIGHBOURHOOD

5.3.1 FOOD

To establish a synergy between different facilities inside
Spangen, the food flows regarding solid avoidable food
waste (FW) are explored due to its feasible reduction, in-
cluding milk products and oil, and discarding unavoidable
and liquid FW.

The facilities that are analysed are the ones located in the
Southern area, as described in the ¢hapter 5.1.2 Urban
Context & facilities, being mainly: Households, restau-
rants, s¢hools and other supermarkets. Due to lack of co-
operation between facilities, personal interviews, nation-
al (Dutch), international (mainly from the UK) and general
reports were used for identifying avoidable FW figures.

Households:

The total solid Dut¢h FW corresponds to 52.1 Kg/person/y,
in whi¢h 34.3 is avoidable (constituting approximate-
ly 9.5% of purchased food/person going to waste) (The
Netherlands Nutrition Centre Foundation: NNCF,2019).

Solid FW can be wasted via household and other routes:

SOLID FOOD WASTE (2019)
Minimum Average Maximum
Kg/person/y Kg/person/y Kg/person/y

Household FW:
(residual & VFG waste)
Other routes:

(Sink & toilet, animals,
compost)

TOTAL
(including soups, fats,
sauces & dairy products)

Table 5.3.1.1: Minimum, average and maximum solid FW in 2019
(Source: Adapted from NNCF, 2019).

According to the report, around 26.5 Kg/person/year cor-
responds to avoidable solid food waste (via households)
in The Netherlands (Table 5.3.1.1 and 5.3.1.2). However,
when considering a low-income neighbourhood such as

AVOIDABLE SOLID FOOD WASTE (FW)

DESCRIPTION OF PERCEN- Fw FW NEIGHBOURHOOD
GROUP PRODUCTS TAGES PERSON/Y /YEAR

(in order of most wasted) %/person  Kg/person/y Kg/neighbourhood/y

Kg/neighbourhood/day

Spangen, the general FW and thus avoidable solid FW (via
households) is usually lower compared to wealth areas,
being around 22.9 Kg/person/y (Table 5.3.1.1). Therefore
the above figures expressed in Kg/p/year are reduced
in Spangen, as it can be seen in the 3rd column of Table
5.3.1.3. FW neighbourhood/year (4th column) is the result
of the multiplication of FW/person/y (3rd column) by the
number of population in the Southern study area (2,768
people), having a final FW result of 63,390 Kg/neighbour-
hood/y and an economical lose of 221,234.1 Euros (con-
sidering an average spend of 3.49 Euros/Kg (NNCF, 2019).

2010 2013 2016 2019

Food waste via household waste 66.7 64.3 63.1 52.1
Unavoidable 285 29.7 29.7 24.5
Avoidable 38.2 34.6 33.4 27.6
of which in VFG waste 6.7 7.7 10.0 52
of which in residual waste 31.5 26.9 23.4 225
of which prepared 9.3 4.3 10.1
of which unprepared 20.1 23.8 12.7
of which untouched 52 54 4.8
Avoidable after adjustment for water 34.6 32.2 30.4 @

Table 5.3.1.2: Distribution of food waste via household waste between
avoidable and unavoidable, prepared and unprepared, and adjusted for
water absorption (2010, 2013, 2016 and 2019) (Source: NNCF, 2019).

The 10 main products that are average wasted in The
Netherlands correspond to the following, expressed in
Kg/p/year (NNCF, 2019):

‘1 Bread & bread- 7.3 -6 Sauces & fats 2.7
based products -7 Meat & meat 2.3

-2 Dairy products 5.1 products

-3 Vegetables 3.7 -8 Pasta 1
-4 Fruits 3 -9 Pastry & cake 1
-5 Potatoes 2.9 -10 Sweets & snacks 0.8

In general, a standard person can buy around 377 Kg/year
of food (NNCF, 2019), whereas citizens in Spangen can
buy around 310 Kg/person/year, being a total purchase of

863,950 Kg/y (Table 5.3.1.3).

FOOD PURCHASED (FP)

FW NEIGHBOURHOOD FP FP FP

WASTE FREQUENCY

/DAY HOUSEHOLD/Y = PERSON/Y NEIGHBOURHOOD/Y

every day, every

Y —— Kg/household/y Kg/person/y Kg/neighbourhood/y

TOTAL FOOD WASTE 63,391
TOTAL SPEND (3.49 euro/Kg) 221,234.1

1- Bread & bread-based products 13,502 every day 93,776
2- Dairy products (mainly thick) 15.0 3.4 9,509 26.1 every day 82.4 37.6 104,166
3- Vegetables 10.8 2.5 6,846 18.8 every day 101.9 46.5 128,852
4- Fruit 8.7 2.0 5,515 15.1 every day 95.4 43.6 120,611
5- Potatoes 8.4 1.9 5,325 - every week 49.9 22.8 63,099
6- Sauce & fats (butter) 8.0 1.8 5,071 every 3 days 35.2 16.1 44,468
7- Meat & meat products 6.7 1.5 4,247 - every 3 days 71.6 32.7 90,477
8- Others (including gravy, frying far or oil) 6.6 1.5 4,184 11.5 every day 8.0 3.7 10,112
9- Pasta 3.0 0.7 1,902 - every 3 days 5.9 2.7 7,420

10- Pastry & cake 2.9 0.7 1,838 every 3 days 24.0 10.9 30,298
11- Rice 2.4 0.5 1,521 every 3 days 4.6 2.1 5,814

12- Sweets & snacks 2.4 0.5 1,521 every week 38.5 17.6 48,651
13- Cheese 1.8 0.4 1,141 every 3 days 219 10.0 27,618
14- Eggs 1.0 0.2 634 every 3 days 12.4 5.7 15,674
15- Fish 0.7 0.2 444 - every 3 days 7.7 3.5 9,720

(Leftovers from meals) 0.3 0.1 190 0.5 every day 50.0 22.8 63,200

863,957
3,015,209

Table 5.3.1.3: Avoidable solid FW and food purchased in Spangen (Southern part).
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Restaurants:
45% of FW in restaurants comes from a poor food prepa-

AVOIDABLE SOLID FOOD WASTE (Kebap Diiriim Evi)

DESCRIPTION OF GROUP PRODUCTS PERCENTAGES FIGURES FIGURES FIGURES
gr/restaurant Kg/restaurant  L/restaurant

%/ Kg sorted

. N /day Iy /month
ration, 21% correspond to food spoilage and 34% comes o 9.0 531 19 -
. 5- Fruit 5.0 295 108
from customer plates (Waste and Resources Action Pro- S Pastry & cake. bread based producs =5 S0 o
. H 2- (Ready meals) 24.0 1,416 517
gramme: WRAP, 2020). Due to the existence of standard T ey 29 e 27
restaurants but also fast food establishments, the Table R (cheese, mainly thick) 50 295 108 -
. (Cooking oil - - - 90.0
5.3.1.4 (based on WRAP) will be useful for the rough cal-
: . AVOIDABLE SOLID FOOD WASTE (Pizza Amore)
culations of the FW of the restaurants of Spangen: DESCRIPTION OF GROUP PRODUCTS | PERCENTAGES  FIGURES FIGURES FIGURES
Restaurants %/ Kgsorted gr/restaurant/ Kg/restaurant  L/restaurant
day /y /month
Average food waste disposed of No. Employees 5- 6.0 288.0 87.0 b
er day (k 6- Fruit 4.0 192.0 58.0
pet day (9) 19 10-19 2049 | 5099 [ 100-149 2- Pastry & cake, bread-based products 29.0 13920 4204
4- (Ready meals) 13.0 624.0 188.4
Per employee 21 31 34 04 05 3- Meat & meat products & fish, eggs 18.0 864.0 260.9
Per company 10.8 45.8 117 217 83.2 1- Dairy products (cheese, mainly thick) 30.0 1,440.0 434.9 -
(Cooking oil) - - - 25.0
L OSE)
Average waste disposed of per No. Employecs AVOIDABLE SOLID FOOD WASTE (Onur Firini)
day (kg) DESCRIPTION OF GROUP PRODUCTS | PERCENTAGES  FIGURES FIGURES FIGURES
1-9 10-19 20-49 50-99 100-149 gr/restaurant Kg/restaurant  L/restaurant
%/ Kg sorted
Per employee 1.7 1.7 2.1 21 21 . 6.0 144.0 52.6 -
Per company 8.4 25.2 75.5 167.7 366.1 6- Fruit 4.0 96.0 35.0 -
1- Pastry & cake (bakery), bread & bread-ba: 27.0 648.0 236.5 -
. 4- (Ready meals) 15.0 360.0 131.4 -
Table 5.3.1.4: Average amount of FW produced by restaurants and Q.?Rs 3 Meat & maat products & Fioh 0288 >0 020 Te10 -
in the UK (kg/day) per company and per employee, broken down by size 2- Dairy products (cheese, mainly thick) 27.0 648.0 236.5 -
(number of employees) (Source: Wrap, 2020). (Cooking oil) — — - 145.0
According to WRAP, 70% of FW in restaurants can be AVOIDABLE SOLID FOOD WASTE (Eethuis Kon Moi)
. . DESCRIPTION OF GROUP PRODUCTS | PERCENTAGES  FIGURES FIGURES FIGURES
avoided (WRAP, 2020), therefore wasting around 1.47 K w/kgsoneg | Sresournt Kalestaurant  Urestauant
H . . /day /y /month
employee/day in standard restaurants: . 00 . s -
6- Fruit 6.0 444.0 134.1
NAMEOF DESCRIPTION IYEEICR EMPLOYEES FACTOR (R AVOIDABLE 3- Pastry & cake, bread-based products 18.0 1,332.0 402.3
FACILITY FACILITY W FACILITY W o (Ready meals) 180 13320 2023
(Restaurant Ne Kg/employee Kg/day (70%) 1- Meat & meat products & fish, eggs 28.0 2,072.0 625.7
/fast food) 2- Dairy products (cheese, mainly thick) 20.0 1,480.0 447.0 -
Vishandel Ooms Fish Restaurant 4 X (Cooking oil) ~ N ~ 130.0
Kebap Dirtim Evi Turkish Restaurant 4 2.1 8.4 5.9 TOTAL FOOD WASTE 100.0 7,400 2,235 130.0
Pizza Amore Italian "Fast ;°°:" 4 17 6.8 4.8 AVOIDABLE SOLID FOOD WASTE (Bakkerij Jamama)

Onur Firini Donner, pizza | Fast foo 2 17 34 2.4 DESCRIPTION OF GROUP PRODUCTS | PERCENTAGES  FIGURES FIGURES FIGURES
Eethuis Kon Moi | Chinese & suriname | Restaurant 5 2.1 10.5 7.4 L/bakery
Bakkerij Jamama | Desserts and bread | "Fast food" 3 17 5.1 3.6 %/ Kgsorted  gr/bakery/day Kg/bakery/y  —

Diirtim Evi Turkish Restaurant 4 2.1 8.4 5.9 1- Pastry & cake (bakery), bread & bread-ba 41.0 1,476.0 538.7 -

Table 5.3.1.5: Summary of restaurants in Spangen, with the type of facil- j’ ‘ERE"’“’V meals) 29”-: Zg‘g ii;i
. - Eges . . .
’ty/ empk’yees andfactor Of FW. 2- Dairy products (cheese, mainly thick) 30.0 1,080.0 394.2 -

. . ) . (Cooking oil) - - - 70.0
The following tables consist of the avoidable solid FW of TOTAL FOOD WASTE 100.0 3,600 1314 70.0
the restaurants in gra ms/day and Kg/yea r, taking into ac- Table 5.3.1.6: Avoidable FW of restaurants in Spangen.
count their yearly timetable and doing multiplication by  Sc¢hools:

days: open every day: 365 days and one day/week closed:
=302 days). Moreover, the percentages are based on Lidl
UK food waste and adapted for each kind of selling prod-
ucts, according to bread-based products, Chinese, fish
products, etc. Moreover, oil kitchen needs to be replaced
approximately once or even twice a week, thus generat-
ing liquid waste that could be useful for the future rede-
sign of flows. Considering commercial fryer deeps of 40
Ib (=18 L) for a standard restaurant, it will result in a oil
waste of around 72 L/month. Additionally, depending on
the type of restaurant and frying products, less or more oil
will be wasted, from 25 to 145 L/month.

AVOIDABLE SOLID FOOD WASTE (Vishandel Ooms)

DESCRIPTION OF GROUP PRODUCTS PERCENTAGES FIGURES FIGURES FIGURES
gr/supermarket  Kg/supermarket L/restaurant
wRgem /day /y /month
3- 15.0 885 323.0 -
5- Fruit 14.0 826 301.5
4- Pastry & cake, bread-based products 15.0 885 323.0
2- (Ready meals) 16.5 974 355.3
1- Meat & meat products & fish, eggs 31.0 1,829 667.6
6- Dairy products (cheese, mainly thick) 6.0 354 129.2
7- Unwanted food from grocery ambient 2.5 148 53.8
(Cooking oil) - - 145.0

Facilities related to learning and social clubs should be
considered, but only Maria s¢hool is analysed due to sim-
plifications, unknown food data from the other facilities,
and non-continuous use of kit¢hen services.

Mariaschool is a catholic primary s¢hool with a total av-
erage of 200 pupils. According to WRAP, FW in the UK is
around 72 gr/pupil/day in primary sc¢hools and 42 gr/pu-
pil/day in secondary s¢hools. Moreover, the proportion of
avoidable FW is found to be around 72%, split between
the kit¢hen (not served; 36%) and canteen (not eaten;
36%) (WRAP, 2011). The Dutc¢h academic year is 200 days
when considering public holidays and summer. Therefore
the final avoidable FW is 51.84 gr/pupil/day and 2,660
Kg/s¢hool/y {(51.84*200 pupil*200 days)/1000}.

Figure 5.3.1.1 represents the percentage of wasted prod-
ucts, being the fruits, vegetables and mixed (non- sand-
wich) the predominant products wasted in the UK. By do-
ing some adjustments in comparison with the % of Lidl
FW for the case of The Netherlands, Table 5.3.1.7 shows
the final results for Marias¢hool (primary sc¢hool).
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M 5alads

Head lina categary [] Sandwichas
W vegetalles Diairy
1 Fruit Conlectionary &
g Mixad (non- snacks

sandwich) Condiments, sauces,
M Bakery
[ Oried fandsfpawd=rs ] Desserts

B Meat & Fish
W Orinks

Figure 5.3.1.1: UK primary school FW composition (% by Kg sorted)
(Source: WRAP, 2011).

AVOIDABLE SOLID FOOD WASTE (Mariaschool)

the type of facility and description group products, includ-
ing also Lidl NL supermarket. This results in a total avoid-
able solid FW of around 222 Kg/day and 79,000 Kg/year.
For FW calculations, it has been studied the timetable of
each establishment and considered the amount of Dutc¢h
public holidays, stated in 11 days. Therefore:

- 1 year= 52 weeks = 365 days
days - 1 day closed: 52 days
- Dut¢h public holidays: 11 - 2 days closed: 104 days

AAVOIDABLE SOLID FOOD WASTE (Southern part of Spangen)
PRODUCTS

FACILITY BLOCK FIGURES FIGURES TIMETABLE
DESCRIPTION OF GROUP PRODUCTS PERCENTAGES FIGURES FIGURES FIGURES FIGURES DESCRIPTION
TYPE OF NAME OF Kg/facility [
(in order of most wasted) %/ Kg sorted er/personll|Ke/person| l2r/school Ke/ FACILITY FACILITY I . /day facility/y (e
/day ly /day  schoolfy - M-F: 7.30-18.00
1- Vegetables 28.5 14.77 3.0 2,954.9 | 5910 Kiddoozz | Kinder garden | D : . . (sat & Sunday closed) | 2>°
2- Fruit 23.7 12.29 25 2,457.2 | 4914 L8/ Mariaschool | Primary school | D Total 01 130 ‘532”5;5422’13'51 o | 0
3- (Leftovers from meals) 16.8 8.71 1.7 1,741.8 348.4 activities Tuesd o9, u‘ins %
4- Pastry & cake (bakery) 8.5 4.41 0.9 881.3 176.3 Oszcr"::;fd social club D - - - (sat & Sunday 10.00- | 302
5- Potatoes, pasta, rice, eggs... 7.4 3.84 0.8 767.2 153.4 P 15.00, Monday closed)
6- Meat & meat products & fish 5.6 2.90 0.6 580.6 116.1 Lidl Supermarket A Total 121 40,900 15\’1\1:;\: i‘aog;ggo; 365
7- Dairy products (cheese, mainly thick) 5.1 2.64 0.5 528.8 105.8 ~Turkish food, als0 M-Sat:7.00-20.00
8- Bread & bread-based products (sandwich) 2.8 1.45 0.3 290.3 58.1 Toros Bakkeri] | . ogies & fruits A Total 55 9300 | (Sunday: 8.00-20.00) | 3%
9- Sweets & snacks 1.2 0.62 0.1 124.4 24.9 Ooms A'“’f"esgi“ & F Total 191 6,975 2h 365
10- Sauce & fats (butter) 0.4 0.21 0.0 415 8.3 yves V’:;:es =
TOTAL FOOD WASTE 100.0 51.84 10.4 10,368 2,074 Slagerij Nador frits | Total 19.1 6,975 M-5:10.00-20.00 | 365
. o . Vishandel M-Sat: 10.00-20.00
Table 5.3.1.7: Avoidable FW in Mariaschool. e Fish F Fish so | aass | S o |
Su perma rkets. Kebai:"’"'" Turkish F Total 59 2,154 M-S: 9.00-24.00 365
h k f dl . h h Pizza Amore Italian H Total a8 aso | TUesdSi1000-2200 |y,
Other supermarkets apart from Lidl in the Southern part (Monday closec)
.. . .. / street food Onur Firini Donner, pizza J Total 2.4 876 M-S: 12.00-22.00 365
. N Tuesd-Sat: 12.00-22.00
are: Toros Bakkerij (next to Lidl), Ooms and Slagerij Nador, cemsron | aeses | o ve | g |lmesuneoml
H H H H Monday closed)
being the two last ones similar and selling products and e e o
J Total 36 1,314 o N 365
. . . Jamama bread " (Sunday: 8.00-20.00)
non-products. Toros is selling Turkish and prepared food, Dirim e T Turion ; o 55 T 3o | msssesw | 5
. . Bar Spangen Coffee F Coffee 5.5 2,008 M-S: 12.00-22.00 365
having higher FW compared to the other supermarkets. e | e 1 o | core S R T
By doing site visits, personal interviews and considering T e " coffee B e
Lidl FW as a base, Table 5.3.1.8 is performed. Lidl FW in Caeterias/ [_Gyorus Beer e - - | Ms12002200
Vishandel  [Restaurant serving| M-Sat: 10.00-20.00
H 1 H ff F Coffe 4.0 1,460 365
the UK is around 41 tonnes/year (Lidl GB, 2018), whic¢h enneelieel  ooms coffee offee (sunday: 12.00-20.00
. . Restaurant serving Tuesd--S: 10.00-22.00
results in about 7.49 Kg/employee/day. Moreover, around piza Amore | fee H Coffee 41 % | ondayciosed) | %
H . . . |Restaurant serving ] y
7 Kg/employee/day of FW is produced in Swedish super- M| e | 0| e | 40| w0 | Msewnm |

markets, being 91% of FW avoidable (SEPA, 2013), thus
resulting in 6.37 Kg/employee/day of avoidable FW.

AVOIDABLE SOLID FOOD WASTE (Toros supermarket)

DESCRIPTION OF GROUP PRODUCTS PERCENTAGES FIGURES FIGURES
gr/supermarket Kg
7] gt /day /supermarket/y

2- Vegetables 22.0 5,605.6 2,046.0
1- Fruit 24.0 6,115.2 2,232.0
4- Pastry & cake (bakery), bread & bread-based 14.0 3,567.2 1,302.0
5- (Ready meals) 15.0 3,822.0 1,395.0
3- Meat & meat products & fish, eggs 15.0 3,822.0 1,395.0
6- Dairy products (cheese, mainly thick) 6.0 1,528.8 558.0
7- Unwanted food from grocery ambient 4.0 1,019.2 372.0
8- Frozen

TOTAL FOOD WASTE 100.0 25,480 9,300

AVOIDABLE SOLID FOOD WASTE (Ooms & Slagerij Nador supermarket)

TOTAL FOOD
WASTE

Table 5.3.1.9: Summary of avoidable solid FW in Southern part of Span-
gen organised by the type of facility.

2402 85,956

Due to the high number of cafeterias and restaurants
serving coffee in this area, a simple calculation of possible
coffee ground waste was performed. An average cafete-
ria can generate around 60 Kg/week of coffee grounds or
5-8.5 Kg/day (Closed-loop, 2019). Considering that Span-
gen has a lower frequency of activity and lower coffee cul-
ture consumption compared to other areas, a quantity of
5.5 Kg/day was selected in order to be on the safe side.
AVOIDABLE FOOD WASTE (Southern part of Spangen)

DESCRIPTION OF GROUP PRODUCTS ~ PERCENTAGES FIGURES FIGURES
gr/supermarket Ke/ DESCRIPTION OF GROUP PRODUCTS FIGURES FIGURES
%/ Kg sorted
/day supermarket/y = Kg/day Ke/y
2- Vegetables 25.0 4,778 1,743.8 2- Vegetables 43.1 15,322
1- Fruit 27.0 5,160 1,883.3 3- Fruit 41.8 14,923
3- Pastry & cake, bread-based products 15.0 2,867 1,046.3
4 (Ready meals) 12.0 2675 976.5 1- Pastry & cake (bakery), 473 16,975
5- Meat & meat products & fish, eggs 8.0 1,529 558.0 bread & bread-based products
6- Dairy products (cheese, mainly thick) 7.0 1,338 488.3 6- Meat & meat products & fish, eggs 25.3 8,980
7- Unwanted food from grocery ambient 4.0 764 279.0 7- Dairy products (cheese, mainly thick) 20.8 7,399
8- Frozen - - 10- Other products (Seets, snacks, potatoes, pasta, rice) 0.9 223
TOTAL FOOD WASTE - 38,220 13,950 11 Frozen 11 409
Table 5.3.1.8: Avoidable FW in Toros, Ooms and Slagerij Nador super- 4- (Leftovers from meals, ready meals) 34.6 12,292
market. 5- Coffee 28.5 9,458
S . 8- Cooking oil (L/month) 0.55 6,600
2ummary: Total (excluding coffee & oil) 222 79,089

As a summary, the following tables represent the avoid-
able FW in the Southern area of Spangen, depending on
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Table 5.3.1.10 Summary of avoidable solid FW in Southern part of Span-
gen organised by the type of products (including Lidl).

5.3.2 WATER

The considered flows are the ones related to drinking wa-
ter consumption rather than waste water flows. Inside
the neighbourhood, the following facilities are analysed:
Households, parks, restaurants and s¢hools. Due to una-
vailable and specific data for the neighbourhood of Span-
gen, rough numbers are collected through several nation-
al and general reports.

- Households:

Viewin, an association of Dut¢h water companies, have
performed surveys to Dut¢h households, in whic¢h the
main uses of household drinking water go for showering
(41%), toilet (29%) and laundry washing machine (Figure
5.3.2.1). There has been a fall of water consumption by
13% between 1995-2016 due to water reduction devices,
efficient toilets or washing machines (Viewin, 2017).

2013 2016 ‘
litre per person per day
Bath 1.8 1.9
Shower 51.4 49.2
Washbasin 5.2 5.2
Toilet flush 33.8 34.6 2016
Hand washing of laundry 1.4 1.3
Machine washing of laundry 14.3 141
Handwashing of dishes 3.6 3.5 Clockwise:
Dishwasher 2.0 2.5 Shower 41% « Dishwasher 2%
Toilet flush 29% e Bath 2%
Food preparation 1.0 1.2 ® Machine washing © Handwashing
Drinking coffee, tea and water 1.0 1.3 of laundry 12%  of laundry 1%
@ Washbasin 4% @ Drinking coffee,
® Other 4%  teaand water 1%
r - l 11 - :fa;::/:sshmg . @ Food preparation 1%

Table 5.3.2.1: Household water con- Figure 5.3.1.1: Household wa-
sumption in litres, 2013 &2016 (Source: ter consumption (%) (Source:
Viewin, 2017). Viewin, 2017).

The report explores the water consumption by the size of
household and gender in 2016, being the younger people
the group that use more water for showering and older
people for flushing the toilet. Moreover, people that live
in smaller households use more water per person that
people who live in larger ones, due to sharing services
(Viewin, 2017). According to Table 5.3.2.2, women use
more water than men due to more frequent use of the
toilet, about 9 L more per person/day.

l-pers. 2-pers. 3-pers. 4-pers 5+ Male Female

litre per person per day itre/person/day
Bath 0.4 1.5 22 3.5 35 1.9 21
Shower 45.2 47.6 57.1 50.6 451 49.9 48.7
Washbasin 5.4 5.3 5.2 4.8 5.2 5.5 4.9
Toilet flush 39.2 401 329 28.9 26.9 31.0 379
Hand washing of laundry 27 1.8 0.5 0.6 0.4 1.0 1.5
Machine washing of laundry 16.6 17.4 11.9 12.2 9.9 13.4 14.7
Handwashing of dishes 8.0 4.5 1.8 1.6 1.2 3.1 3.8
Dishwasher 0.8 3.4 2.4 3.0 22 27 23
Food preparation 1.5 11 1.7 0.9 0.8 0.9 1.4
Coffee/tea 1.1 0.6 0.8 0.8 1.0 0.8 0.8
Drinking water 0.4 0.4 0.6 0.4 1.1 0.5 0.5
Other 4.9 4.1 6.6 4.6 3.4 3.9 5.0

127.9 6 100.7
Table 5.3.2.2: Water consumption by size of household & gender (2016)
(Source: Viewin, 2017).

The average water consumption is set around 119 L/per-
son/day and a total of 120,228,000 L/y within the neigh-
bourhood (=43,508 L/p/year*2,768 people).

- Parks:
Water demand for irrigating public parks (grass) is around

1.4 L/m2/day (Indian Standard, 1993) or 0.037 gallon /
ft2/day (=1.5 L/m2/day) according to American book
“Commercial and Institutional End Uses of Water” (Dzi-
egielewski, 2000). However, considering that a variety of
species is planted in a park rather than just grass (flowers,
shrubs, trees, etc), water consumption is 3.5 L/m2/day.
In the Spangen study area, there is only 46.8 m2 of green-
ery (grass), resulting in water demand of around 25,600
L/y (=1.5L/m2/d*364*46.8). The rest of greenery con-
sists of isolated trees, which converted into greenery area
(2.25 m2/tree*119 trees) results in 342,000 L/y and total
water demand of 367,600 L/y.

SPANGEN NEIGHBOURHOOD (Southern part)

BLOCK DESCRIPTION BLOCK N2 TREES AREA/TREE TOTAL AREA WATER DEMAND
Letter = Ne m2 m2 Ly
A Lidl (4) (2.25) 0 0
B Upper left corner 16 2.25 36 45,990
C Residence 20 2.25 45 57,488
D School 32 2.25 72 91,980
E Upper right corner 12 2.25 27 34,493
F Bottom left corner 6 2.25 135 17,246
G Left bottom 10 2.25 22,5 28,744
H Middle bottom 10 2.25 225 28,744
! Right bottom 6 2.25 13.5 17,246
J Bottom right corner 7 2.25 15.75 20,121
TOTAL - 119 267.75 342,051

Table 5.3.2.3: Conversion of number of trees into greenery area for water
demand calculation.

: Restaurants:

In the same American book, there is a difference between
Chinese restaurants (the most water consumers: 15,479
gallons/day=58,500 L/day), and fast food establishments
(the lowest: 4,076 gallons/day=15,400 L/day). But in gen-
eral and for simplifying calculations, a standard restaurant
is chosen, being its average water consumption of around
7,736 gallons/day (=29,200 L/day) or 233 gallon/employ-
ee/day (=880L/employee/day) (Dziegielewski, 2000).
Considering an average of 4 employees in the restaurants
of Spangen, the water demand is around 3,520 L/day.

: S¢hools:

The average water consumption of a s¢hool is around
1,761 gallons/day, according to the American book. How-
ever, there are differences depending on the type of
sc¢hool, being colleges and universities the highest con-
sumers, followed by senior high, junior high and elemen-
tary s¢hools (Dziegielewski, 2000). Due to the existence of
primary s¢hools in Spangen, the average of 13,260 gallon/

day (=50,195 L/day) is finally ¢hosen.

Variable n Mean Standard ~ Minimum  Maximum
Deviation

Average annual use for all

schoals (kgal) 138 11592.8 11446.0 1352.4 71165.5
Average daily use for all

schools (kgal) 138 318 31.4 3.7 195.0
Average daily water use per .

employes (gal Jemployes) 138 341.2 2163 299 971.0
Average daily water use per

pupil (gal.student) 137 24.0 14.0 26 84.2
Average daily water use per

building area (gallons/sf) 108 03 03 0.03 13
Average daily water use for

grade schools (gallons) 60 13,260 7,792 5,100 41,420
Average daily water use for

middle schools/junior high 29 24,520 10,910 4,931 46,420

schools (gallons)
Aveinge dally watec ss for 38 52,040 27,490 3,705 123,200

high schools (gallons)

Table 5.3.2.3: School characteristics and average water use (Source:
(Dziegielewski, 2000).
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5.4 | DATA FLOWS IN LIDL SUPERMARKET

5.4.1 FOOD & WATER

Food:

Food waste data of Lidl NL is not publicly available but
Lidl GB contains some useful data in its report and web-
site. The latest and recorded food waste (FW) is around
40.9 tonnes per Lidl British store in 2018. Moreover, from
around 41,800 tonnes of surplus food go to anaerobic
digestion in the first place (95.5%), rather than to redis-
tributions and donations (only 4.5%) (Lidl GB, 2018). This
means that there is room for improvement if recovery of
valuable nutrients can be performed on-site rather than
send it back to the distribution centre (Lidl, 2015).

2016 2017 2018
Food surplus (f) 38,617 37,701 41,790
Food surplus redistributed® 469 533 1,850
Redistribution impact metric (meals donated) 1,116,689 1,269,073 4,404,850
Food waste to anaerobic digestion 38,148 37,168 39,940
Food waste per store 477 414 40.9

Table 5.4.1.2: Surplus and FW data (2016-2018) (Source: Lidl GB, 2018).

@ osion

Figure 5.4.1.1: Food surplus and waste data in Lidl GB, being mainly
fresh and vegetables the largest group (2017/18) (Source: Lidl GB, 2018).

However, FW differs from countries, being for example
bread one of the most consumed product in The Neth-
erlands. So, based on The Netherlands Nutrition Centre
Foundation and Lidl UK data, some adaptations are per-
formed for calculating the FW in Lidl NL (40,900 Kg/y).

AVOIDABLE SOLID FOOD WASTE (Lidl NL)

FOOD PURCHASED (FP) BY LIDL (rough assumptions: FW Lidl+FP households)

DESCRIPTION OF GROUP PRODUCTS PERCENTAGES FIGURES FIGURES
gr/supermarket Kg/
7 rgeRad] /day supermarket/y

Vegetables 23.5 59,676 21,782
Fruit 18.5 35,839 13,081
Pastry & cake, pasta, rice, bread-based products 26.0 84,707 30,918
Ready meals 15.0 17,329 6,325
Meat & meat products & fish, eggs 7.0 22,432 8,188
Dairy products (cheese, butter, mainly thick) 9.0 53,153 19,401
Others 1.0 12,582 4,593

Table 5.5.1.6: Summary of purchased food (FP) by Lidl, assuming Lidl FW
and FP by households (Source based on: Lidl GB, 2018; NNCF, 2019).

AVOIDABLE SOLID FOOD WASTE (FW) BY LIDL SUPERMARKET

DESCRIPTION OF GROUP PRODUCTS FW LIDL
= Ke/y
Vegetables 9,612
Fruit 7,567
Pastry & cake, pasta, rice, bread-based products 10,634
Ready meals 6,135
Meat & meat products & fish, eggs 2,863
Dairy products (cheese, butter, mainly thick) 3,681
Others 409
TOTAL FOOD WASTE 40,900
TOTAL SPEND (3.49 euro/Kg) 142,741
Table 5.5.1.7: Avoidable solid FW in Lidl.
Water:

In general, grocery stores, including Lidl, have higher wa-
ter demand than other retail operations due to refriger-
ation systems (coolers and freezers). Due to unavailable
water consumption data of Lidl supermarket, the Ameri-
can book “Commercial and Institutional End Uses of Wa-
ter” is used again as a reference to a typical supermarket,
resulting in around 175 gallon/employee/day (660 L/em-
ployee/day) or 7,703 gallon/day (=29,150 L/day) (Dzie-
gielewski, 2000), and an annual consumption of around
10,640,000 L/y. According to EPA, water consumption in
the retail can be around 3,00,000 gallon/year (=11,350,00
L/y) (EPA, 212), confirming that the previous result can be
valid for this study.

Parameter Coefficient  Standard t Prob > |t|
DESCRIPTION OF GROUP PRODUCTS  PERCENTAGES FIGURES FIGURES Estimate Error
o gr/supermarket Kg/
%/ Kg sorted Jday eIy Intercept 4977213 890.724 5.9 0.0001
2- Vegetables 19.5 21,850.7 7,976 Emp‘;?yees 1 g-ggg (9)'(1)?3]; } ?g gézg?)
3- Fruit 18.5 20,730.1 7,567 Building area - - . -
1- Pastry & cake, bread-based products 26.0 29,134.2 10,634 Employees * Floral department (0/1) 23.619 9.354 252 0.0183
- - —— - Employees * Seafood department (0/1) 18.457 11.094 1.66 0.1087
4- (Ready meals) 15.0 16,808.2 6,135 Employees * Water vending (0/1) 36804 15586 2.36 0.0263
6- Meat & meat products & fish, eggs 7.0 7,843.8 2,863 Employees * Irrigation (0/1) * Irrigated arca 0.002 0001 2,00 0.0568
5- Dairy products (cheese, mainly thick) 9.0 10,084.9 3,681 Employees * Food prep sink (0/1) * Number 3.347 2.553 1.31 0.2017
7- Unwanted food from grocery ambient 4.0 4,482.2 1,636 of food prep sinks
8- Frozen 1.0 1,120.5 409 N=33
TOTAL FOOD WASTE 100.0 112,055 40,900 R-square = 0.479

Table 5.4.1.3: Avoidable solid food waste in Lidl NL (Source adapted from
Lidl GB, 2018).

Table 5.5.1.6 represents the estimation of Lidl purchased
food (considering the sum of purchased food (FP) by
households and FW of Lidl), after having adjusted the
type of products from Lidl FW according to the purchased
table list of products (Table 5.5.1.1), resulting in 904,800
Kg/y. Restaurants and school purchased food are not
considered due to another possible food supplier differ-
ent than Lidl and according to specific cultures.
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Root mean square error = 1,420.446

Dependent variable: Average daily water use (gallons) =7,702.820

Table 5.4.1.4: Model for estimating supermarket water consumption
(Source: Dziegielewski, 2000).

Variable n Mean Standard Minimum Maximum
Deviation
Average annual use (kgal) 33 3155.7 1264.6 1668.0 6659.4
Average daily use (kgal) 33 73 1.7 4.6 11.2
Average daily water use per
employee (gal femployee) 33 1749 88.6 50.8 489.9

Average daily water use per

customer (gal./customer) 3 4l 13 ve 79

Table 5.4.1.5: Supermarket characteristic and average water use (Source:
Dziegielewski, 2000).

5.5 | DATA FLOWS IN SPANGEN AREA

5.5.1 SUMMARY

This chapter tries to summarize the previous calculations,
along with further ones located in chapter 10 Appendix, in
order to clearly understand the current urban metabolism
and its issues regarding the three essential flows.

- FOOD FLOWS: Mainly considering solid avoidable food
waste, discarding unavoidable and liquid FW.

-Neighbourhood:
-Households:

In the Southern part of Spangen, the total purchased
food is around 864,000 Kg/y and avoidable FW is 63,390
Kg/y. This means that around 80 Euros/y/person is also
lost through FW, so considering that Spangen is an area
in need, people should not afford the right to waste food
and money, thus teaching and FW reduction practices
need to be introduced in the proposal.

-Restaurants:

They are responsible for a total avoidable solid food

waste of around 12,280 Kg/y: 9,460 Kg/y of coffee
grounds waste and 79,200L/y of cooking oil waste
-School:

Mariaschool is the only school located within the study
area, but it also have high amount of waste (2,660 Kg/y).
-Supermarkets:

Around 23,250 Kg/y of avoidable FW is lost by the 3 su-
permarkets in the Southern part of Spangen.

-Lidl:
Around 904,800 Kg/y is purchased and 40,900 Kg/y is

wasted every year in Lidl Spangen.

- WATER FLOWS: Related to drinking water consumption
rather than waste water flows.

-Neighbourhood:
-Households:

The average water consumption is set around 119 L/per-
son/day and a total of 120,228,000 L/y (Viewin, 2017).
-Parks:

The average water consumption for a public park can be
around 3.5 L/m2/day (Dziegielewski, 2000), being in the
Spangen study area, a total water demand of 367,600 L/y.
-Restaurants:

The average water consumption is around 7,736 gallons/
day (=29,200 L/day) or 233 gallon/ employee/day (=880L/
employee/day) (Dziegielewski, 2000). Considering an av-
erage of 4 employees in the restaurants of Spangen, de-
mand is around 3,520 L/day (=1,240,000 L/y/restaurant).
-School:

The average water consumption of a primary school is
13,260 gallon/day (=50,195 L/day) (Dziegielewski, 2000),
resulting in total of around 15,6000,000 L/y.

Due to lack of data, an standard supermarket water con-
sumption is considered (660 L/employee/day or 29,150 L/
day), thus 10,640,000 L/y (Dziegielewski, 2000).

N2
Purchased food \]/ Purchased food
(904,800 Kg/y) Purchased food (864,000 Kg/y)
IO RO NEIGHBOURHOOD
(School, restaurants, bars, (Households)
supermarkets)
_—
° Avoidable FW Unavoidable Avoidable FW Unavoidable
j% (38,190 Kg/y) (63,390 Kg/y) FW
= = Coffee grounds Fried oil
S @ (9,460 Kg/y) (79,200 L/y)
w o
o > v NZ
:,’ Food waste (trash collection)
[a)]
S Avoidable

— FW

———— > Unavoidable FW

FW recovery (send back Donations to charities (4.4%) — >
(40,900 Kg/y) > to Distribution centre)

tion)

Anaerobic digestion (95.6 %)

Food waste
(trash collec-

Figure 5.5.1.1: Diagram of current food flows, with avoidable flow direction in red colour (future reduction improvement).

\l/ Rainwater
Lidl Drinking water
supermarket < " (10,640,000 L/y)
. v .
-Bathroom -Cleaning  -Kitchen
WC  Sink
N\

Sewage system

NEIGHBOURHOOD & Fertilizer

(Square & public space) &———  lrrigation (367,600 L/y)

Drinking water

Figure 5.5.1.2: Diagram of current water flows, with avoidable flow direction in red colour (future reduction improvement).
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6.1 | LOCAL CONTEXT

6.1.1 CONTEXT ANALYSIS

In order to apply efficiently the strategies from the design
framework, and adapted to the local context, there is a
need to follow several steps first:
-A Further study area analysis, considering local factors.
-B Challenges and potentials according to local factors
in order to find spatial interventions (spatial locations).
-C Definition of boundaries (catalogue) according to spa-
tial interventions.

Design a Local context a Urban & archite®ural
strategies design

v 2 ¢
7L A an

)

A-Analysis
[=]
o
j];b

o
ULD
B<R<®
B’-Locations

[

e
B-SWOT
-Catalogue

[o):o]
[0 ]

Figure 6.1.1.1: Summary of research by design chapter.

Therefore, within the context analysis, the following
points are described and analysed:

- Urbanization around Lidl store:

The location of the supermarket is limiting with one of
the boundaries (railway) that splits Spangen into two are-
as: Northern and Southern part (see ¢hapter 5.1.2 Urban
context) (Figure 6.1.1.2). Lidl is located in the Southern
part (Mathenesserdijk 123, 3027 BG Rotterdam), on the
ground floor of two residential bloc¢ks of 4 storey and 6
storey high (Figure 6.1.1.3). Although Lidl is not placed
in @ main road, it is located in a more quiet but central
strategic street, allowing to have clients coming from
different sides and have great views towards the rest of
Spangen. The public space in front of Lidl is only used as
a customer’s car parking, with hard pavement and high
transit during peak hours (Figure 6.1.1.3). The retail load-
ing entrance and customer entrance are separated, being
the first one located on the West side and the second in

3 .
AR\
—>» Customer entrance
2 > Truck loading entrance
@ mm Main road “Mathenesserweg”
Central area
@ o Railway boundary
. ® @ Southern part boundary
/-~ W Lidl store
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the North side, being located in the corner of a residential
block and having an influence on both sides of the street.

Figure 6.1.1.3: Street view of Lidl urban area (from North-East) (Source:
Google maps).

- Lidl store program:

Due to lack of Lidl data, the following main c¢haracteris-
tics have been discovered by fieldwork, observations and
comparison to other supermarkets (indicated):

- Closest distribution centre: storage area (West side).

Waddinxveen (25 Km). -Customer entrance with
Total building surface double door (from North
(GFA): 1,834.5 m2. side)
Bake-off section with - 7 payment desks.

fridge (and external exit). - 4 dire&t and 2 semi-diret
- Office for management at emergency exit.
the entrance. - Car and bike parking in

- Staff’'s room at the en- front of the building.
trance: Dressing room, - Little natural lighting inside
bathrooms, etc (Internal dis- the building (coming only

tribution by assumptions). from 3/4 parts of the North
Loading entrance with facade).

- Facors around Lidl store:

+ Quality of air:

Very briefly, the universal air quality index in Spangen
compared to other regions worldwide is “good”, achiev-
ing a score of 76/100 points. But, the main dominant pol-
lutants are PM10 and PM2.5, being slightly higher than
average. However, when looking at the local index, there
is a “moderate air quality”, being O3 (ozone) the main pol-
lutant (low amount) and followed by NO2 (nitrogen diox-
ide) and CO (carbon monoxide), being both above average
(BreezoMeter, n.d; EPA, 2018).

Unhssrestindss: L Poliutants overviaa Forecast

’ SPMI0 *PM25 *03 | eNO2 e |
}6\‘(‘””' 7 ghnd i 3 ot
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Figure 6.1.1.4: Air quality overview: Universal index and local index in
Lidl store (Source: BreezoMeter, n.d). ®ON

- Sun orientation:

A simple sun path analysis is needed for studying the out-
door possibilities in front of Lidl and plant’s cultivation
possibilities. For example in March, the space in front of

Lidl would receive sun rays at 8.00 h and 18.00 h.

= Shadow Sunrise ™ Sunset Sun path at specific time
Figure 6.1.1.5: Sun and shadow path at 8.00, 12.00 and 18.00 h in Lidl
store (in March) (Source: https://www.suncalc.org/#/51916,4.4371,17/
2020.03.14/16:56/1/2). ON
+ Wind flows:
Considering the wind rose from chapter 05 Analytical
framework, the outdoor spaces would receive these wind
directions and intensities, considering also obstructions:

e

—>» Strong wind
—>» Medium wind
> Soft wind
+esee Lidl ground
floor boundary

Figure 6.1.1.6: Wind direction and intensity. ON

- Movement’s flows:

Although there are several supermarkets, mostly Turkish,
Lidl is the only supermarket ¢hain that is located inside
Spangen, being others 10 minutes walking distance from
Lidl. Based on-site visits and although the railway and dif-
ference in the height of the ground constitute a physical
barrier, Lidl has clients from the Southern and Northern
part of Spangen, coming mainly by walk. There are car
and bike parking too, which are quite full during peak
hours, meaning that people can come from the exterior of
Spangen neighbourhood or they do the weekly shopping.

—>» Car customer entrance

o 3 . —3» Truck loading entrance
¥, ) -« Pedestrian path/entrance
/ . (fromSouthern part)
#i -+ Pedestrian path/entrance
Eit | (from Northern part)
Figure 6.1.1.7: Movements flows by cars or pedestrians
(Source adapted  from: https.//www.openstreetmap.org/ex-

port#map=18/51.91506/4.43827&layers=H). ON

: Views:

This analysis is important for improving safety and reduc-
ing criminality in the area. Based on fieldwork, the facade
of Lidl store is constructed by opaque walls except the
North side, made by glazing and covered with few posters.

EY S ——— Clear views to outdoors
L | = Semi views to outdoors
—>» Clear views to indoors

D..'.'_._. 4 —>» Semiviews to indoors
Figure 6.1.1.8: Views to and from Lidl store (Source adapted from:
https://www.openstreetmap.org/export#map=18/51/4.7&layers=H). O N

+ Urban heat island:

The majority of public spaces around Lidl consist of hard
pavement, increasing urban heat effect (2 more degrees).
Moreover, apart from the greenery along the railway,
there is little greenery in the rest of the area, being badly
managed and focused on specific spots.

- o d . Gokozen kaarten
| J =T = - B o4-as
s -— - , B o5-0s
. 0E-10

10=12
12.14

1416

. - : v ¥ Ve -
M, i
Figure 6.1.1.9: Urban heat island (Source: https://www.atlasleefomgev-
ing.nl/kaarten ON

- General quality criteria of public space (around Lidl):
The space in front of Lidl is important to be analysed be-
cause it could contribute to a better quality of life in the
neighbourhood and increase the supermarket’s sales be-
cause activity attracts people and boost well-being among
Lidl customers. These 12 factors contribute to the analysis
of the public space next to Lidl, and based on fieldwork:

Protection (P) from:

Motorized traffic: Crime & violence: Unpleasant &
sensorial experience:

-P for pedestrian & cy- -Active urban space -Climate

clists -Passive surveillance -Cold or heat

-Direct access -Function’s diversity -Low noise levels

-Safe crossings -Adequate lighting  -Low contamination &

-Low speed traffic unpleasant aromas

Comfort (Opportunities for):

Walking & cycling:  Standing up & be:  Sitting down:
-Obstacles -Spaces for standing -Nice view orientated
-Maintenance -Objects to lean or -Seat’s variety
-Universal accessibility lie down

-Adequate distances to

other amenities

See: Speaking & listening: Playing & exercise:
-Pleasant views -Low noise levels -Elements for encour-
-Few obstructions -Seats for boosting aging activities
-Night lighting conversations -Cultural/commerecial

for increasing life

Pleasure (Enjoy of):

Human scale: Climate & nature: Aesthetics + sensorial
-Right dimensions -Desired orientation -Good design, materi-
-Right distances -Local trees & vege- als, details.
-Comfortable objects tation -Good views

-Sensory experiences

Table 6.1.1.1: Analysis of Lidl outdoor quality space: Meet this criteria
(green), half (orange) or not (red) (Source based on: MINVU, 2017). 911



6.1.2 CHALLENGES & POTENTIALS SUMMARY

There is a wide range of spatial possibilities for the pro-
posal that could meet the objectives of this thesis, so a
summary of main challenges and potentials from the
SWOT analysis in ¢hapter 05 Analytical framework, is per-
formed to look for optimal spatial interventions and nar-
row down the possibilities.

Table 6.1.2.1 represents the existing ¢hallenges and peo-
ple demands, the location where these happen and the

improved. Based on people demands, possible improve-
ments can be searched, resulting in different actions and
represented by several spatial interventions, (a doable
and more concrete physical approach). However, some
of these interventions can be integrated and grouped in
bigger constructions, as represented at the bottom of the
Table 6.1.2.1. The remain 3 big interventions could be:

-Outdoor space

-Lidl refurbishment

future achievement of SDGs if those challenges were -Greenhouse
CHALLENGES LOCATION OF
& DEMANDS CHALLENGES
POTENTIAL IMPROVE-
MENTS OF SDGs
POSSIBLE INTERVENTIONS Grouped in 3 main 3 SPATIAL
IMPROVEMENTS > POSSIBLE ACTIONS > POSSIBILITIES > INTERVENTIONS > LOCATIONS

Figure 6.1.2.1: Summary of the process of Table 6.1.2.1, resulting in 3 intervention spaces

tion, difficulties for integration (Dut¢h language)

g i @6 4- Loneliness, disaggregation, racism, dissatisfac-

@ 5- Sustainability unawareness and ignorance

5- Households, Lidl, outdoor spaces
(urban infrastructures)

CHALLENGES & NEEDS (what): SPATIAL CHALLENGES (where): — PO';EDI\éTS'IAL

lf T@ 1- Low income & unemployment 1- Neighbourhood (citizens) 8,17
$&Z
*71"‘- 2- Criminality & vandalism 2- Outdoor spaces (Streets, housing, 3,10
e ia! parks, etc)

3,15

@ © .o 3- Bad health, scarcity & bad management of | 3- Outdoor spaces (parks, streets)
%n“) E@ greenery spaces
4- Neighbourhood (citizens) 3,5,10

2,6,7,9, 11, 12, 13,
14,15

POTENTIALS IMPROVEMENTS (what):

POTENTIAL ACTIONS (how):

. POTENTIAL INTER-

VENTIONS (where)

ﬁ @ 1- Boost employment (local economy)
]

@ 2- Cohesion and integration through employ-
Q\(p ment opportunities, talent’s improvement...

E) 3- Satisfaction regarding air purification, experi-
5@ ence through 5 senses.

1- -Chef, waiter, staff, assistant, ...
-Teacher, repairman, carpenter ...

-Farmer, cleaner, ¢hef, staff, ..
‘Maintenance, bodyguard, baby sitter...

2- -Bodyguard, carpenter...
- Builder, maintenance, repairman, ..

3- -Greenery parks, biodiversity, recreation
-Purification of indoor air (greenery)

-Cafeteria, restaurant
‘Workshop rooms, phys-
ical activity area

-Urban greenhouse

-Lidl

-Lidl, cafeteria, GH
-Outdoor space, GH

- Outdoor space

- Outdoor space

4- Cohesion, participation, integration, connec-

g § % tivity

5- Climate awareness & education, recyclability
and reduction of waste, learning innovations...
(sense of commitment , responsibility and pos-

4- -Cultural events, dinner, musical lessons,
art, painting, photography, language..

-Physical & social activities, group games
and activities, open gym

-Cooking, fresh & organic food

-Group study, gathering, social activity
‘Workshops in collaboration with local com-
panies, conferences, ...

-Fair and market

5- -Education through sustainable work-
shops (cooking with FW, composting..),
recyclability and upcycle processes (mush-

Cafeteria, outdoor
space, workshop rooms,
art exposition space,
dining area
-Outdoor space, Lidl, so-
cial rooms
-Kit¢hen room, GH
-Social rooms
‘Workshop rooms, gath-
ering space
-Outdoor area

-Composting zone,
kitchen room, GH, up-
cycling processes area,

itive feeling) rooms from coffee grounds, soap from oil..) | communal garden
-Sustainability (aquaponics, air exchange,
PV, phytoremediation, water cycle...) -Outdoor space, GH
-Phytoremediation, water cycle, physical activity area, art exposition space,..  —> -Outdoor space o]
-Cafeteria, meeting and social rooms, gathering space.. —> -Lidl refurbishment 8 = @
C
‘Workshop rooms, restaurant, dining area, composting zone, upcycling process- —> -Urban greenhouse %— g %
es area, meeting and social rooms, kit¢chen room, communal garden.. Som O

Table 6.1.2.1: Challenges and potentials of Spangen context, with possible SDGs achievements and first ideas for interventions.

From the previous step, 3 types of interventions were
concluded in order to meet citizen’s demands, resulting
in not only improvements for Lidl but also the neighbour-
hood. So, there is a need to act in all of interventions for
achieving further SDGs, improving social context and ur-
ban metabolism in Spangen. Ought to this thesis is related
to Lidl, it is logical to consider the locations next to it:
-1- Improvement of outdoor space: The square in front
of Lidl or in front of the s¢hool (Marias¢hool).
-2- Lidl refurbishment: Interior of Lidl
-3- New greenhouse: 2 possible rooftops above Lidl.

i ; L = -~ : 5 .- L
Figure 6.1.2.2: Spatial options of the 3 interventions: Greenhouse (green),
Lidl refurbishment (red), outdoor space (yellow) (S: Google maps).

-Square:
The introduction of a square is crucial due to the benefits
not only for Lidl but also the neighbourhood, such as:
-An active and well-designed square (meet, play, relax, ob-
serve, etc), result in increase of satisfaction and well-being.
‘Improvement of existing outdoor public space.
-More outdoor activity attract people, meeting and sharing
experiences, thus increasing participation, cohesion..
-If the square is attractive, it brings more people to it.
-If people stay in the square, they are likely to enter to Lidl.

The two spatial possibilities are in front of Lidl or s¢hool,
having both the closest connection to Lidl supermarket.
Finally, the area in front of Lidl is ¢hosen due to higher

benefits for Lidl and Spangen, and solvable downsides.

In front of Lidl

‘In front of Lidl entrance | -Children brings activity to the
(customer attractor). square.

-Greater improvements. -Safety and sunny square (South
-Central location, im- | orientation).

proving connection be-
tween North and South.
-Little sun due to North | ‘It is already used by children
orientation. from school (being chaotic dur-
-Possible safety issues | ingschool time.

due to the secondary | -Far from Lidl (disconnection
road next to it. from it)

-Little space for improvement
due to existing equipment.

Table 6.1.2.2: Advantages and disadvantages from the two location op-
tions of the square.

In front of Marias¢hool

Advantages

Disadvantages

-Lidl refurbishment:

This refurbishment could provide a cafeteria service and
relaxing spaces at night for example, thus reducing crimi-
nality and activating the area also during weekends. Only
the entrance area of Lidl is refurbished due to higher po-
tentials against criminality, connection to exterior space
and independent management possibilities.

A facility for local food production would allow accommo-
dating other social spaces, achieving greater benefits for
the social community and urban flows of Spangen. The
location is based on optimal orientation and temporary
construction possibility, so rooftops seem the best loca-
tion for food production, profiting height and sun rays,
safety area from public transit and close to Lidl. The final
selected rooftop is the building 1 due to several criteria
explained in chapter 6.3.4 Spatial designs of Greenhouse.
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6.1.3 DEFINITION OF SYSTEM BOUNDARIES

The last step prior to the design process is to define in
detail the type of uses and spaces needed and aimed for
those interventions. Also, a definition of specific species
for the greenhouse is required for evaluating later the re-
quired dimensions, conditions and ecosystem process.

So an analysis of possible spaces and species is conducted,
resulting in a large catalogue that can be implemented in
general in Spangen. However, only specific proposals from
those catalogues are selected for those 3 interventions,
based on local conditions, greater benefits and SDGs.

System boundaries:

-Current uses
‘New possible uses
-(Spaces required)

-Tree species
-Livestock species
-Crop species

Library of uses & spaces Library of species

Figure 6.1.3.1: System boundaries (catalogue).

- Library of uses and spaces:

Based on fieldwork, district reports and private identities
in Spangen, it is known that there are few social facilities
in the neighbourhood. The only two existing social clubs
are Westervolkshuis (Northern part) and Sti¢hting Open-
haard (Southern part), which is the main focus. The last
facility is very closed to the GH, around 100 m (1 minute),
giving great opportunities for a future social connection
between Sti¢hting Openhaard-GH space.

=

Figure 6.1.3.2: Social facilities in Spangen (Source: https://www.
openstreetmap.org/export#tmap=18/51.91506/4.43827&layers=H).

As already described in ¢hapter 5.1.4 Existing initiatives,
Westervolkshuis works as a social building in order to
boost community feeling, reduce loneliness, provide food
to disadvantaged neighbours, and organize some cultural
activities. Similarly, Sti¢hting Openhaard organizes lan-
guages lessons, cooking activities, indoor football, con-
ferences or dancing lessons through the help of several
volunteers and internships.
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However, the interior distribution and organization of
the latest building is not attractive for the participation
of society and could be muc¢h more improved. Moreover,
as observed in Figure 6.1.3.4, it lacks lighting, comfort,
healthy and interesting indoor working environment or
motivational spaces, among other factors.

Figure 6.1.3.3: Unattractive interior distribution of Stichting Openhaard
(Source: Stichting Openhaard, 2017).

With the proposal of the new greenhouse, not only some
of the current activities (of the social club) could be moved
there, improving indoor comfort, location and views, but
also more social and health activities could be added in
the GH agenda.

-Existing activities/uses in Stichting Openhaard:

00 00 - Languages lessons () O - Dancing lessons
00 O -Instrumentlessons (O 00 - Conferences
00 Q0 - Photography 000 00 -Art lessons

- Kick-boxing 0 - Indoor football
0000 - Cooking activities 00O Q0 - Reading
000 O - Sewing courses 000 - Informatics
000 O - Turkish coffee 000 - Excursions

The previous activities were analysed in order to see its
feasible option due to high social benefits that could bring
to the GH. Certain criteria have been applied, for example:

-Group activities that boost integration and cohesion
-Calm activities

-Activities that requires small rooms

-Lightweight and simple equipment needed

-Cultural activities

-Activities that can boost sustainability awareness

OO OO O

In the end, the activities that result in interest for the uses
of the new GH are the ones that meet higher criteria and
could add interesting social values.

-Moved activities/uses to the new GH:

- Language lessons - Coffee time

- Guitar lessons - Dancing lessons
- Photography - Conferences

- Kit¢hen workshops - Art lessons

- Sewing courses

Moreover, new additional activities according to the pre-
vious criteria could be added in the GH.

-New additional activities/uses in the GH:

- Nutrition & FW - Animal feeding &

- Table games
r%% - Agriculture les-
h sons & harvesting

Therefore the future required spaces in the GH should
meet several spatial demands.

=

Organization of
indoor fairs, cine-
ma or small events

8= e
8= workshops Dié” care
@ - Climate aware- T@l - Dinner events
ness, sustainabil- [N
== ity  conference, Private  plant
upcycling & CE g ownership (com-
workshops mitment, care,
good feeling, pro-
Y {é} - Low technology priety feeling..)
{?» = and  innovation
- conferences @ -Social rooms,
study area
B

-Social spaces required in the GH:

Flexible learning and - Dining area with private
workshops spaces zones
- Spatial space for kit¢hen Flexible game’s area

workshops (wide space, tables, etc)

It should be mention that the services of the current social
clubs are mainly intended for the use of disadvantaged
people, who account for around 80 neighbours and spend
an average of 5 hours per day in social activities.

Due to the private feeling and reserved c¢haracter of these
particular citizens, the timetable of the new GH can be
split in two: a period for local neighbours (mainly disad-
vantaged) and then a period for the rest of the citizens
(including disadvantaged, local neighbours, visitors, stu-
dents, ¢hildren or the rest of population).

- Library of species:

- Tree species:

For the square in front of Lidl, several trees and plants
are placed in order to increase not only greenery but also
improve rainwater filtration, reduce flooding and UHI, or
improve general well-being and landscape’s aesthetics.

The first factor is the use of local species (native), not only
for their better adaptability of the climate situation but
also for the protection of autoc¢hthonous specimen and
improvement of local feeling. In fact, according to the
Country report for the FAO First State of the World’s For-
est Genetic Resources for Food and Agriculture, 95% of
all native and non-native trees and shrubs are originated
from another country, meaning that only 5% are original

vegetation (autochthonous) (Ministry of Economic Affairs,
2012). Moreover, natural value is more valuable in this
thesis context than economic importance.

Priority species Reasons for priority

Scientific name Tree (T) or other (0)  Native (N) or exotic (E)

Pseudotsuga menziesii
Juniperus communis
Prunus serotina

Fagus sylvatica
Quercus robur
Quercus petraea
Populus spp.

Fraxinus excelsior
Acer pseudoplatanus

Economic importance

Protected species, natural value
Invasive, priority for removal
Economic importance, natural value
Economic importance, natural value
Economic importance, natural value
Economic importance, natural value
Economic importance, natural value
Economic importance, natural value

R e e I I =Y I
=z
zzgzzzmzm

Table 6.1.3.1: Priority of species in The Netherlands (Source: Ministry of
Economic Affairs, 2012).

Other considerations for the specific selection of species
are represented on Table 6.1.3.2, being the main impor-
tant factors: 1, 3, 4, 5.

Species (scientific name) Native (N) or exotic (E) Environmental importance value
Pinus sylvestris N 1,35
Pseudotsuga menziesii E 5

Larix spp. E 5
Fagus sylvatica N 1,345
Quercus robur N 1,345
Quercus petraea N 1,345
Populus spp. N 1,23
Salix spp. N 1,2,3
Castanea sativa E 4
Prunus avium N 34,5
Malus sylvestris N 3,4,5
Alnus glutinosa N 1,25
Acer pseudoplatanus N 1,2,35
Tilia spp. N 2,3,4,6

1 soil and water conservation including watershed
4 cultural values; 5 aesthetic values; 6 religious values.

- 2 sol fertility; 3 biodiversity conservation,

Table 6.1.3.2: Main tree species providing environmental services or so-
cial values (Source: Ministry of Economic Affairs, 2012).

The rest of factors for the final selection depend on the
maintenance frequency, size (width and height), shape,
type of leaves, climate conditions (North orientation, little
sun rays), colours, flowers or fruits, to name a few. For
example, deciduous trees tend to absorb nitrogen where-
as conifers are good for particle matters (Ministry of Eco-
nomic Affairs, 2012). Moreover, a combination of broad
and perennial leaves, or flowers and non-flower trees are
aimed in order to achieve a balance of colours, shades,
textures and leaves vision throughout the whole year.

In the end, Table 6.1.3.5 shows the library of tree’s species
possibilities for the Lidl square (UK plant atlas, n.d.; Van
den Berk BV (n.d.), with suggestion highlighted with a box
and based mainly on colour, biodiversity attractor, height
and orientation, among others.

- Livestock species:

Due to the location of the future GH in the top roof of an
existing residential building, animal weight is a crucial fac-
tor to be considered. Moreover, the waste combination of
animals and plants plays an important role in the balance
of the natural ecosystem goal. The possibility to reduce
FW from the neighbourhood in a natural and low te¢hnol-
ogy way is also aimed, looking for animals that can either
digest FW and provide food products.

Therefore the selection of terrestrial animals is based on
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Specie name

General shape

Aesthetics

Main ¢haracteristics

Acer pseudoplatanus

- Height: 15-20 m

- Form: Deciduous

- With flower (April) and fruit 3.5 cm

- Moisture: Mainly on fresh soils of aver-
age dampness

- Orientation requirements: Shade/sun

- Annual precipitation area: For 1083 mm
- Temperature: Frost resistance (-18 to 35
degrees)

- Wind resistance: Very good

- Biodiversity attractor: Bees

Fraxinus excelsior

- Height: 15-20 m

- Form: Deciduous

- With flower (April)

- Moisture: Mainly on humid soils

- Orientation requirements: Semi-shade
plant, rarely in full light

- Annual precipitation area: Resists short
floods, for 1069 mm

- Temperature: Frost resistance (-30 to 25
degrees)

- Wind resistance: Good

- Biodiversity attractor: Bees

Quercus robur

- Height: 25-30 m

- Form: Deciduous

- With flower (April) and fruits

- Moisture: Mainly on fresh soils of aver-
age dampness

- Orientation requirements: Plant gener-
ally in well lit places, but also occurring in

partial shade

- Annual precipitation area: Resists short
floods, for 1049 mm

- Temperature: Frost resistance.

- Wind resistance: Good

- Biodiversity attractor: Butterfly, food
for birds

Fagus sylvatica

- Height: 30-40 m

- Form: Deciduous

- With flower (May)

- Moisture: Mainly on fresh soils of
average dampness

- Orientation requirements: Shade plant,

mostly less than 5% relative illumination
- Annual precipitation area: Resists short
floods, for 1061 mm

- Temperature: Frost resistance

- Wind resistance: Moderate

- Biodiversity attractor: -

Pinus sylvestris

- Height: 10-30 m

- Form: Coniferous

- With flower and fruit

- Moisture: Average humidity or dry

- Orientation requirements: Plant gener-
ally in well lit places, but also occurring in

partial shade

- Annual precipitation area: Resists short
floods, for 1930 mm

- Temperature: Frost resistance

- Wind resistance: Good

- Biodiversity attractor: Food for birds

Prunus avium

- Height: 15-20 m

- Form: Deciduous

- With flower and fruit 1.5 cm

- Moisture: Mainly on fresh soils of
average dampness

- Orientation requirements: Shade/sami

shade tree

- Annual precipitation area: For 1024 mm
- Temperature: Frost resistance

- Wind resistance: Reasonable

- Biodiversity attractor: Food for birds,
butterflies, bees

Malus sylvestris

Alnus glutinosa

- Height: 7-9 m

- Form: Deciduous

- With flower and fruit 4 cm

- Moisture: Humid

- Orientation requirements: Shade/sami
shade tree

- Height: 8-12 m

- Form: Deciduous

- With flower and fruit

- Moisture: Very humid

- Orientation requirements: Semi-shade
plant, rarely in full light

- Annual precipitation area: Resists short
floods

- Temperature: Frost resistance

- Wind resistance: Good

- Biodiversity attractor: Food for birds,
butterflies, bees

- Annual precipitation area: Resists short
and long floods, for 1100 mm

- Temperature: Frost resistance

- Wind resistance: Good

- Biodiversity attractor: -

Tilia spp

- Height: 12-15m

- Form: Deciduous

- With flower and fruit

- Moisture: Dry/humid

- Orientation requirements: Semi-shade

plant, rarely in full light

- Annual precipitation area: -

- Temperature: Frost resistance

- Wind resistance: Very good

- Biodiversity attractor: Bees, butterflies

Table 6.1.3.5: Library of tree’s species possibilities for the Lidl square (Source: https://www.pelckmans.net/nl/13257/acer-pseudoplatanus-2).

weight, local food culture demand, economic productivity
and the possibility to reduce FW, among others. Based on
the different ethnicities living in Spangen, food consump-
tion behaviour is important, prevailing Moroccan, Turkish
and Dutch culture. Chicken meat is one of the basics in
all menus of citizens of Spangen, allowing to obtain also
eggs. The second selected terrestrial animal is the rabbit,
allowing to have more diversity, higher waste value as fer-
tilizer and possible meat exportations to other neighbour-
hoods where Dutc¢h people are living (Figure 6.1.3.4).
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The waste that is produced by these two animals contains
high nutrient values for the plants as fertilizer, and addi-
tionally, they are able to reduce the FW amount from the
neighbourhood. For example, they are able to digest (Ga-
herprogra (n.d.); Hola, 2012):
- Chickens:
-All fresh vegetables and fruits (without seed).
-Others: Rest of meat and fish (including shredded
bones), small seeds, bread, beans, peels, cereals, eggs
shells and other sea shells, sand, invertebrate animals,

Representation Specie name  Spangen culture (consumption)

(] - Duck Morocco, Turkey,
~
ﬁ) - Rabbit Morocco, NL
Py s
I
- Turkey Turkey
<
@ - Chicken Morocco, Turkey, NL, Suriname
on
@ - Quail Morocco

Table 6.1.3.4: Library of terrestrial species possibilities in the GH.

rice, pasta, legumes, mini stones...
-Exceptions: Avocado, garlic, onions, food with salt and
sugar, citric, tomato leaves.

- Rabbits:
-All fresh green vegetables except: Cauliflower, leek, ice-
berg lettuce, green peas.
-All fruit without seed (including watermelon and melon
skin) except: Figs, apricots, peach, citric,

Although worms from vermicompost are not suitable for
human consumption, they are a great nutrient for ¢hick-
ens and fish, fertilizer and digestors of FW (GRAMA, n.d):

- Worms:
-All vegetables and fruits.
-Others: Hair, shells, gardening waste, coffee grounds,
peels, potatoes, cardboard, bread, ...
-Exceptions: Citric, meat and fish, oil, dairy products.

- Water species:

Regarding water species, a variety of fish and seafood
could be produced in the NFT aquaponics system of the
GH. However, due to simplifications, climate condition
requirements, local culture demand of Spangen and eco-
nomic productivity, Common carp and Nile tilapia are
selected. They can productively coexist with each other,
having the same economic yield/m2, similar stress toler-
ance and temperature requirement (FAO, 2014).

COMMON SPECIES USED IN AQUAPONICS

Name of specie Harvested period Harvested weight Optimal temperature Crude protein in feed

« Crops species:

Similarly, crop species for the GH are selected according to
economic productivity, seasonal period, local production
depending on the climate conditions or local food culture
demand. Moreover, they are ¢hosen based these criteria:
time, space and context (Table 6.1.3.7). But there is a dif-
ference between field crops (outdoor) and NFT aquapon-
ics system (indoor), leading to produce different types of
crops according to each limitation system.

Time Space Context

-/

Vertical NFT aquaponics

I:

Aquaponics NFT

o

Traditional out-
door farming
Seasonal crops are Space organization ac- | Crops specie
exchanged (win- cording to full sun, partial | depending on

ter-summer period) or shadow requirement growing system

Table 6.1.3.7: Criteria (time, space, context) applied in the GH.

However, prior to providing a list of crop species, a brief
study of the Dut¢h food market is performed, allowing to
know weaknesses or scarcities, trends and valuable prod-
ucts in The Netherlands (Except, 2011; European Parlia-
ment, 2019):

Fruits and vegetables: Dut¢h horticulture sector is
largely developed, being one of the biggest in the world.
However, 80% of fruits are imported, meaning that the
fruit market has a good opportunity for producing it
locally. Vegetables are produced and consumed locally
(80%), being tomatoes, cucumbers, peppers, radishes
and eggplants the most produced plants in greenhouses,
and onions, leeks, carrots, brussels sprouts in field crops.
- Mushrooms: The Netherlands is one of the three big-
gest mushrooms producers in the world, in whi¢h around
75% of consumed mushrooms in the country are fresh,
meaning that there is little importation. New trends are
focusing on the development of mushrooms from coffee
ground’s waste, trying to replace the traditional bitter-
ballen by veggie options.

- Herbs & spices: There is a limitation in the production of

Common carp 10 600 25-30 30-38
Nile tilapia 6 600 27-30 28-32
Channel catfish 10 400 24-30 25-36
Rainbow trout 15 1000 14-16 42
Flathead mullet 10 750 20-27 30-34
Giant river 5 30 26-32 35
Barramundi 10 400 26-29 38-45
Name of specie Total ammonia nitrogen Nitrite Dissolved 02 -
= mg/L mg/L mg/L
Common carp <1 <1 >4
Nile tilapia <2 <1 >4
Channel catfish <1 <1 >3
Rainbow trout <0.5 <0.3 >6
Flathead mullet <1 <1 >4
Giant river <0.5 <2 >3
Barramundi <1 <1 >4

Table 6.1.3.6: Common water species used in aquaponics system (NFT)
(Source based on: FAO, 2014).

herbs and spices in the country. Around 75% are import-
ed, consisting mostly of sage, oregano, mint and rose-
mary, being the domestic production focused on parsley,
sage, dill, mint, savory and thyme. The main consump-
tion herbs are thyme and oregano, but there has been
an increase of marjoram, oregano, sage, thyme, bay
leaves and coriander due to the international food con-
sumption. Lastly, herbs are also being more used as nat-
ural preservatives and antioxidants, especially for meat
products, leading to a future demand approach.
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- Organic and ecological products: There has been a rise

in the consumption of biological products by Dutc¢h pop-
ulation since the last decade, and the focus on sustaina-
ble production at local, national or European level.

- Conclusions: Based on this simple analysis about the

Dut¢h market, the first opportunities in the future de-

sign are focused on the diversity of local food products.
Although large production of vegetable is already per-
formed, they are oriented only on specific products, so
by providing a wide range of products and locally, ship-
ping costs, transportation, packaging, tariffs, time and
importated products, could be reduced, thus increasing
organic, fresh and sustainable products with direct ac-

cess to the local community of Spangen.

The following library of crop’s species can be displayed:

demand in

duction is

height, among others. The result is a “polyponic” system,
in whi¢h polyculture (variety) and aquaponics are com-
bined. Other possibilities such as edible and non-edible
flowers could be also plated within the NFT system, for
example: Nasturtiums, borage, pansies or lily flower.

B- Open field crops: Products that need soil and have high

Spangen are aimed to be produced in the out-

door farm of the GH (World Food and Wine, 2005; Statista
Research Department, 2017; Republic of Turkey, 2018).
Around 40% of Dutc¢h consumers are interested in buying
more seasonal fruits and vegetables, so organic local pro-

desired (Statista Research Department, 2020;

Old Farmer’s Almanac, n.d; Masley, n.d.).

Spangen culture

Specie name

Morocco

A- NFT Aquaponics: Until now, over 150 different vege-

tables, flowers, small trees or herbs have been success-

Turkey

fully grown in aquaponic systems (FAO, 2014). However,

according to NFT system, Spangen culture demands and
other mentioned factors, the final library of crop’s species
can be seen in Table 6.1.3.8 (Upstart University, 2016).

Nether-
lands

Surinam

Personal suggestions are highlighted with a box and based

mainly on the harvesting period, culture demand, and

Table 6.1.3.9:

Potatoes, onions, zucchini, carrots, and pum-
pkin, eggplant

Tomato, cucumber, eggplant, cabbage, green
beans, carrots, pepper, potato, zuchini

Broccoli, coliflower, spinach, green beans, as-
paragus, leek
Cucumber, green cabbage, green beans, bean
sprouts, tomato, eggplant, garlic

Vegetables most typical or consumed according to the dif-

ferent cultures of Spangen.

Leafy green plants

Fruity vegetables

Fruits
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Specie name Shape Harvesting Spangen culture Main ¢haracteristics
period (consumption)
Lettuce 30 days Morocco, Turkey, NL, Suriname - Optimal T2 (degree): 22 shading in warm temperatures)
-PH: 6-7 - Germination time and T2:
- Light exposure: full sun (light  3-7days, 13-21 degrees.
Swiss ¢hard 30 days Morocco, Turkey, NL - Optimal T2 (degree): 22 >26°C)
-PH: 6-7.5 - Germination time and T2: 5
- Light exposure: full sun (par- days, 25-30 degrees.
tial shade for temperatures
Kale 50 days Morocco, Turkey, NL - Optimal T2 (degree): 26 - Germination time and T2: 5-8
- PH: 5.5-6.5 days, 7 degrees.
- Light exposure: Full sun
Bok ¢hoy 50 days Morocco, Turkey, NL, Suriname - Optimal T2 (degree): 18 - Germination time and T2:
-PH: 6-7.5 7-10 days, 7 degrees.
- Light exposure: Full sun
Spinach, aru- 74 days Morocco, Turkey, NL, Suriname - Optimal T2 (degree): 27 - Germination time and T2:
gula or rocket, -PH: 6.5-7 7-10 days, 7 degrees.
watercress - Light exposure: Full sun
Broccoli 80 days Morocco, Turkey, NL, Suriname - Optimal T2 (degree): 13 - Germination time and T2: 4-7
-PH: 6-7 days, 18 degrees.
- Light exposure: Sun
Cucumber 60 days Morocco, Turkey, NL, Suriname - Optimal T2 (degree): 23 - Germination time and T2: 6-9
- PH: 5.5-6 days, 24 degrees.
- Light exposure: Full sun
Tomato cherry 90 days Morocco, Turkey, NL - Optimal T2 (degree): 23 - Germination time and T:
- PH: 5.5-6.5 5-10 days, 20-30 degrees.
- Light exposure: Full sun
Strawberries 40 days Morocco, Turkey, NL - Optimal T2 (degree): 20 - Germination time and T2: 2-3
- PH:5.5-6.5 weeks, 20-30 degrees.
- Light exposure: Sun
Blueberry, ! 140 days Morocco, Turkey, NL - Optimal T2 (degree): 21 - Germination time and T: Not
brambles, ] - PH: 5.5-6 possible

cranberries, and
raspberries

- Light exposure: Sun

Fruits

Herbs

Specie name Shape Harvesting Spangen culture Main ¢haracteristics
period (consumption)
80 days Morocco, Turkey, NL, Suriname - Optimal T2 (degree): 25-33 - Germination time and T: 2
Melon -PH: 5.5 weeks, 30 degrees
- Light exposure: Sun
Basil 40 days Morocco, Turkey, NL, Suriname - Optimal T2 (degree): 24 slightly sheltered
- PH:5.5-6.5 - Germination time and T2: 1
- Light exposure: Sunny or week, 20-25 degrees.
Parsley 80 days Morocco, Turkey, NL, Suriname - Optimal T2 (degree): 22 partial shade at > 25 °C
- PH: 6-7 - Germination time and T2: 9
- Light exposure: full sun; days, 20-25 degrees.
Mint 30 days Morocco, Turkey, NL, Suriname - Optimal T2 (degree): 13 - Germination time and T2: 10-
-PH: 6-7 15 days, 20-25 degrees.
- Light exposure: Full sun
Oregano 60 days Morocco, Turkey, NL, Suriname - Optimal T2 (degree): 16 - Germination time and T¢:
- PH: 6-8 7-15 days, 22-25 degrees.
- Light exposure: Sun
Thyme, sage, 90 days Morocco, Turkey, NL, Suriname - Optimal T2 (degree): 20 - Germination time and T2:
c¢hive - PH: 6.5-7 7-10 days, 20 degrees
- Light exposure: Full sun
Dill 30 days Morocco, Turkey, NL, Suriname - Optimal T2 (degree): 18 - Germination time and T2:
- PH: 5.5-6.5 7-15 days, 18 degrees.
- Light exposure: Sun
Cilantro (cori- 50 days Morocco, Turkey, NL, Suriname - Optimal T2 (degree): 16 - Germination time and T2:
ander) - PH: 6.5-7 7-10 days, 16 degrees.
- Light exposure: Sun
Rosemary 70 days Turkey, NL - Optimal T2 (degree): 27 - Germination time and T2: 1-2
- PH: 5.5-6 weeks, 25
- Light exposure: Full sun
Chamomile, s 45 60 days Morocco, Turkey, NL - Optimal T2 (degree): 16 - Germination time and T2: 1-2

lavender, anise

- PH:5.5-7.5
- Light exposure: Full sun

weeks, 16 degrees.

Table 6.1.3.8: Library of crop’s species
com/2015/04/29/plantprofile- shiro-baby-white-stem-pac-choi/).

possibilities for the aquaponic system NFT in

the GH of Spangen (Source: https://growerssupply.wordpress.

Spring - Summer

Autumn - Winter

Specie Shape Harvesting Spangen culture Main ¢haracteristics
name period (consumption)

Broccoli 4 months Morocco, Turkey, NL, Suriname - Optimal T2 (degree): 18-21 - Germination time and T2: 4-7
- PH: 5.5-6.5 days, 16 degrees.
- Light exposure: Full sun

Eggplant 4 months Morocco, Turkey, NL, Suriname - Optimal T2 (degree): 26-29 - Germination time and T2: 5-6
- PH: 5.5-6.5 days, 26 degrees.
- Light exposure: Full sun

Tomato 4-5 months Morocco, Turkey, NL, Suriname - Optimal T2 (degree): 21 - Germination time and T2:
- PH: 6-7 5-10 days, 21-27 degrees.
- Light exposure: Full sun

Cucumber 2 months Morocco, Turkey, NL, Suriname - Optimal T2 (degree): 20 - Germination time and T2:
- PH: 5.5-7 4-10 days, 25-28 degrees.
- Light exposure: Full sun

Zuchini 2-3 months Morocco, Turkey, NL, Suriname - Optimal T2 (degree): 21 - Germination time and T2:
- PH: 6.5-7 7-14 days, 25-35 degrees.
- Light exposure: Sun

Cabbage 5 months Morocco, Turkey, NL, Suriname - Optimal T2 (degree): 15 - Germination time and T2: 3-4
- PH: 6.5-7 days, 18 degrees.
- Light exposure: Partial sun

Garlic 9 months Morocco, Turkey, NL, Suriname - Optimal T2 (degree): 10-24 - Germination time and T2: 4-8
- PH: 6.5-7 weeks, 4-10 degrees.
- Light exposure: Partial sun

Carrot 4 months Morocco, Turkey, NL, Suriname - Optimal T2 (degree): 19 can tolerate partial shade
- PH: 5.5-7 - Germination time and T2:
- Light exposure: Full sunand  6-21 days, 15-21 degrees.

Onion 5 months Morocco, Turkey, NL, Suriname - Optimal T2 (degree): 15-30 - Germination time and T2: 1-2
- PH: 6-7 weeks, 20-25 degrees.
- Light exposure: Sun

Leek 5 months Morocco, Turkey, NL, Suriname - Optimal T2 (degree): 21 - Germination time and T2: 10-
- PH: 6-7 14 days, 21 degrees.
- Light exposure: Full sun

Table 6.1.3.10: Library of crop’s species possibilities for the open field in the GH of Spangen, according to the seasonal period (Source: https://www.
farmersweekly.co.za/crops/growing-garlic-opportunity-for-sa-farmers/).
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6.2 | CIRCULAR SOLUTION ROUTES

6.2.1 SUSTAINABLE & LOW TECH MEASURES

Sustainable and circular measures are thought to be
adapted to the current socio-economic situation of Span-
gen, so low tech measures are preferred. The boundaries
considered for the research of circular solutions are:
-Essential flows: Water, air, food.
-3 interventions:
-GH (Lidl proposal)
-Refurbishment of Lidl (Lidl proposal)
-Square (Spangen neighbourhood)

Although the main focus is destined to the essential flows,
the rest of the flows could be also improved with little ef-
fort or as an indirect consequence of the measures for
the previous flows. Therefore small and easy solutions for
these flows will be also described at the end.

Circular solution routes can be either applied at the build-
ing scale or in synergy with the rest of Spangen’s facilities.
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Figure 6.2.1.1: The first combination of possibilities, representing total
(green colour) or limited (grey) circularity achievement possibility.

The majority of the circular measures are based on liter-
ature study from chapter 04 Theoretical framework, but
only the main important ones are described. Moreover,
they are better explained through the 3 R concept (reduce,
ruse and produce), including the basic principles of circu-
lar economy regarding the reduction of current problems
and high recyclability of resources. The representation of
these measures are in chapter 7.4 Diagram of flows.

Reduce Reuse Produce
Figure 6.2.1.2: 3R of recyclability.
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The circular measures highlighted in grey are discarded
due to ethical, expensive, complex and feasible reasons.

: Food:

-Reduce:

By teaching citizens how to store correctly the food,
learning the difference between expiration dates, buy-
ing less but more frequent, freezing the food, preparing
weekly menus, arranging a shopping list (buy only what
they need) or teaching how to eat delicious skins, yolk and
stalks, to name a few, through tasting samples.

-Surplus food from the neighbourhood (restaurants, other
supermarkets and Lidl) can be donated directly to schools,
existing social clubs or other people in need.

-Reuse:

‘Upcycling food waste (FW) by recovering the essential
nutrients and converting them into new valuable and sale-
able food products. For example: Beer from bread, juices
or cakes from ripe fruits or bad looking vegetables, ...

‘FW into valuable by-products. For example: Soap from
kitchen waste oil, mushrooms from coffee grounds, etc.
Moreover but out of the scope of this research, investiga-
tions about developing nutraceuticals, construction ma-
terials (insulations and bioplastics) or cosmetics from FW
are being developed (University of Adelaide, 2019).

‘Waste collection of veggies, fruits and other products
for animal’s feeding by new bins, and coming from neigh-
bourhood facilities, GH or Lidl supermarket.

‘Vermicomposting or cockroaches for reducing FW, at the
same time as being nutrients for animals. Cockroaches lig-
uid can be used for cosmetics and health treatments (La
vanguardia, 2018).

‘Rabbit waste can be reused as a valuable fertilizer for
outdoor farming or greenery areas of Spangen, whereas
chicken waste can be useful for fish feeding. For example,
adding chicken waste to the aquaponics system increases
primary productivity of phytoplankton, zooplankton and
algae, which subsequently, they serve as an additional
supplement for fish feeding. Moreover, poop sometimes
can contain insect larvae, which when introduced in the
fish tanks, they are converted to fish feeding once the lar-
vae are developed (Little & Satapornvanit, n.d.).

-On-site biodigester, similar to the small scale biodigester
located in a Portuguese supermarket (Seab energy, 2016).

-Produce:
-By introducing on-site and local food production, not only
packaging, waste, transportation or costs is reduced, but

also supply of fresher, tastier and organic products.

The summary of circular measures regarding surplus and

food waste could follow this hierarchy (Figure 6.2.1.3):
1-Surplus food from restaurants and Lidl are firstly and
directly donated to schools and existing social clubs.
2-The rest of the surplus, along with school FW, is cooked
and processed in the GH or Lidl to obtain new valuable
nutrients and food products: juices, soup, cakes, etc.
3- Other specific wastes from restaurants (coffee grounds
and fried oil) are used for growing mushrooms and doing
homemade candles or soap for using or selling.
4- FW such as rest of vegetables, fruits and some other
specific products from the kitchen, crop plantation of GH
and customer’s consumption of Lidl are collected in bins
for chicken and fish feeding (vegetables) (Figure 6.2.1.4).
5- The rest of the previous FW (after checking FW prod-
ucts) is sent to the vermicomposter, in which mature
worms serve again for feeding fish and chickens.
6- Other organic products are sent to the anaerobic di-
gestion plant of Lidl in order to obtain energy in return.

©
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Figure 6.2.1.3: New food recovery hierarchy in the design proposal.
] I N
Paper &  Plastics Glass General General Animal feeding &
card- & metals inorgan-  organic vermicompost
board icwaste  waste

-Reuse of condense water from the NFT system area.

‘Reuse of urine for converting to fertilizer for the GH
through Struvite reactor or reuse of backwater for ob-
taining compost by Joraform composter (Deceuvel, 2018).

-Produce:

-Rainwater collection could offer great opportunities after
passing through natural biofilters (phytoremediation), be-
ing used for irrigation, crops, animals or other upcycling
purposes. There is a trending increase of flooding in the
country, being Spangen very affected due to hard pave-
ments on urban outdoor areas. By introducing permeable
surfaces and greenery areas, water infiltration could oc-
cur more easily during short heavy rainfalls for example.

:Air:

-Reduce:

-Greenhouse gases (GCG) are emitted by direct or indirect
activities performed by human beings. With the introduc-
tion of local food production and waste reuse, packaging,
plastics food transportation can be reduced.

‘New greenery from crops and vegetation from the square
and indoor space of Lidl, allow absorbing C02 and air pol-
lutants, at the same time as providing proper air quality.
-Reuse:

-Combination of livestock and growing plant’s space could
offer benefits by the exchange of CO2-02 (Except, 2011).

‘Recovery of kitchen exhaust fumes for crops or heat.

-Produce:

-All vegetables & fruits
-Everything (meat, bones, fish, peels, shells, pasta...)
-Exceptions: avocado, oil, citrics, onion

Figure 6.2.1.4 Types of recyclable bins within the proposal, being the pur-
ple the new addition.

- Water:

-Reduce:

‘Hydroponics such as NFT system could help to reduce
water and energy consumption for crop plantation, at the
same time as the avoidance of soil use.

‘Regarding sanitary uses, automatic and water- saving toi-
lets and taps could be placed.

-Smart irrigation systems that could save water.

-Reuse:

-Greywater could be reused for toilet or irrigation after
passing through natural biofilters. But a separated grey-
water treatment (halophyte) is aimed for avoiding con-
tamination of the rainwater, which is cleaner.

‘Increase of 02 and improve air quality through the intro-
duction of greenery into indoor and outdoor spaces.

-Good smells to air atmosphere though aromatic plants.

: Materials:

-Reduce:

-Demountable constructions (no welding), disassembly
design, universal connections and dimensions

-Material passport for facilitating later usage.

-Collaboration with local stores such as Buurman (materi-
als supply and workshops), in charge of reusing wood and
second-hand materials, as well as providing group work-
shops in its atelier in Bospolder neighbourhood.

-Leasing contract for the lift and other material.

-Reuse:
-Upgrade, repair and reuse of old materials on-site.
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- Material sharing platforms

-Coco fibre over Rockwool in germination and NFT due to
renewable, reutilization and composting properties.

-Second hand, biobased, recycled materials from refur-
bishments or other constructions is considered. For ex-
ample, these materials could be reused:

- Glass (Lidl): Used again for GH or Lidl ground floor

- Brick pavement (square): For constructing bar counter.

- Concrete pavement (square): Chopped for filling spaces.

‘Recycling from other constructions through “Harvest
Map” (applied within the boundary of Rotterdam city,
in order to minimise transportation and other costs), an
online platform for collecting second-hand materials and
reducing embodied energy. Figure 6.2.1.5 shows some
proposed and recycled examples but they could be more:

- Metal structure: For GH. - Metal mesh: For climbing

Wooden pieces: Con- plants or exposition struc-
structing furniture. ture.
- Fibre cement panel: As - Sofa: Interior of Lidl or GH.
pavement flooring or walls.

HARVEST MAP

La Haya
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Figure 6.2.1.5: Harvestmap platform:
square pavement, plywood for furniture and glass door for GH (Source:
https.//www.harvestmap.nl/).

- Energy:

-Reduce:

-Smart and passive design regarding the location and ori-
entation of spaces (sun, shadow and cross ventilation).

‘Use of PCM in partition walls, for regulating better the
temperature (Greencastle innovation, 2018).

-Low energy consumption applianced (gas independence).

-LED lighting (optimized light spectrum) is optimal for the
growth of plants, while producing and reducing energy
demand, so LSC panels (Soliculture, 2017) are desired.
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-Sensors (automatic devices) for reducing consumption.

-Reuse:

-Option A: The majority of GH are ventilated in summer to
release excess heat and humidity. However, by designing
a closed GH, heat could be absorbed in summer by floor
cooling system that is connected with underground wells
(with heat exchanger and photovoltaic thermal panels,
PVT) in order to be used in wintertime and vice versa.

An example is the heat & cold storage system in Hooge-
land, NL (Groen blaw, n.d.), but carries high cost.

-Option B: High amount of energy is needed for the cool-
ing systems of supermarkets, being not reused and wast-
ed. This waste heat can be kept in underground storage
(with heat exchangers) and reused later in the GH de-
pending on the seasonal period or energy demand.
‘Option C: However, the most economical measure for
Spangen could be to combine livestock and crop cultiva-
tion in order to exchange heat and obtain the maximum
air benefits (Except, 2011). Also, heat exchangers (recov-
ery) could be introduced in the climatization system.

‘Heat recovery systems.
-Solar chimney.

- Produce: After reducing the current problems and reus-
ing several flows, the last step is to produce the rest of the
energy demand by own sustainable energy production.

-LSC panels on the roof and facade of the aquaponics area,
can produce some energy and enhance their growth pace.

-PV panels on the roof.
-PVT on roof (photovoltaic and thermal panels).

- Other sustainable measures regardless flows:
‘Reduction of urban heat island (UHI): Due to high amount
of hard surfaces next to Lidl, UHI is a big problem, so vege-
tation can absorb and cool down the hot air, provide fresh
odour and air, shadow and natural water filtration.
-Chemicals and toxic products for crops, pests: Herbs (dill,
oregano and mint) and crops (garlic) are natural bacteri-
cide and fungicide. Flowers (borage or nasturtium) can
also repel woolly aphids or whiteflies (Ecoinventos, 2020).
‘Reuse of existing infrastructure: Public spaces usually
carry political issues and restricted laws, so reusing unat-
tractive top roofs for social and environmental benefits is
aimed. Moreover, refurbishment of badly managed spac-
es (public square and indoor of Lidl) can be feasible.
-Facade pots: Flower pots along the facade, are beneficial
for avoiding undesired lighting, providing a small growing
space and converting a glass facade into a green wall.

6.3 | DESIGN PROCESS

6.3.1 SELECTED DESIGN STRATEGIES

As a reminder, this ¢hapter is focused on the selection of
specific strategies from the wide catalogue of strategies
performed in ¢hapter 4.6 Design framework. Afterwards,
the grouping is needed in order to find in an optimal way,
possible design solutions.
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Figure 6.3.1.1: Summary of the design framework and rest of the process
for achieving the final proposal.

- Objectives:

However, prior to the selection of design strategies to be
applied for the design proposal, there is a need to estab-
lish specific objectives.

Based on the action areas from c¢hapter 4.6 Design frame-
work, detailed ambitions could be thought, considering at
the same time the selected flows, circular solution routes
and the three interventions:

1- Sources (material, water, energy, food & others):
- Minimum resources inputs from outside the system
boundaries (local use of resources, collaboration with
local companies if needed, demountability, lease, 2nd
hand..).
- Climate awareness through visible use of natural re-
sources.
- Clean and energy production when possible.
- Benefits from climatology (smart and passive design:
shadows, ventilation, sun rays...).
- Rainwater and surplus food collection (upcycling).
- Circularity principles and smart use of resources (hier-
archy, 3R, recovery and upcycling when possible).
- Closer and smaller loops of resources (water recycling,
food production and selling point, air exchange...).

2- Life (ecosystems & species):

- Non-toxic ¢chemicals and substances.

- Connection with the natural system.

- Natural and ecological processes (natural interaction
between species, closing loops).

- Local species.

- Biodiversity & smart selection according to site condi-
tions (thermal, lighting, moisture).

- Animal welfare & natural behaviour (organic and eco-
logic production).

3- Society (culture & economy):

- Active spaces (reduction of criminality and increasing
activity in the area).

- Public, semipublic, semiprivate, private spaces (segre-
gation of spaces, multifunctional).

- Teaching and learning process (workshops, exposi-
tions...).

- Physical, cultural and social activities (multifunction
spaces and identity).

- Multifunction possibilities: Retail, social uses, educa-
tion, agriculture, catering, ...).

- Attractiveness not only for local neighbours but also
other visitors, students or workers who look for an in-
spiring environment.

- Representation and integration of different ethnicities
(respond to local demands and cultures).

- Flexible design according to local necessities and cul-
ture.

- Quality over quantity.

- Job creation (support to a sustainable local business).

- Lightweight (GH) and low tec¢hnology when possible
(decreasing difficulty & increasing creativeness and de-
sirable labour).

- Partnership with local stores and citizens involvement
(maintenance, construction and decoration).

- Synergy between other neighbourhood facilities.

- Higher productivity/m2 when considering both space
and time.

- Flexibility against fluctuations depending on a variety
of products.

4- Individual (health & happiness):

- Direct access for everyone (also considering people
with reduced mobility).

- Healthy, safe & enjoyable environment and spaces to
work, study, stay in (enhancing pedestrians and cyclists,
lighting, car’s protection...).

- Mental health and well-being.

- Indoor and outdoor spaces (connection).

- Stimulation of 5 senses and new experiences through
flows.

- Integration and participation for all genders, ages, eth-
nicities, groups and individuals).

- ldentity and personal feeling through smart solutions
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(name of the person in cups, name of neighbourhood in
the menu, communal garden, etc), increasing communi-
ty feeling, satisfaction, sense of belonging.

- The proposal is a source of enjoyment for the future
owner and local residents (social role and relevance in
the community).

- Integration of the proposal within the landscape, urban
and social conditions.

- Smart use of greenery spaces for the improvement of
air quality, reducing UHI and flooding.

As a summary, the previously detailed objectives of each
stage will be considered for the final achievement of SDGs
and thus, the whole sustainability concept (SCE).

Action areas: Interven- Presence SDGs SCE
(grouped in categories) tions of flows (Sustainability)
G LS |
%F,W,Aa>2'3'5'8'3 Social &
(5, 6) CULTURE & GLS | 10,1117 economy
ECONOMY r ! !
6, 7, 12 .
HSEW, A L Environ-
§ T13,1415 17 s

Figure 6.3.1.2: Summary of action areas, interventions (GH:G, Lidl:L,
square:S), flows (food:F, water:W, air:A) and goals.

- Selection of strategies:

Based on the previous objectives for each action area, the
following specific strategies are selected to be applied in
the Spangen context, considering at the same time the es-
sential flows and neighbourhood urban context:

A- Sources & materials (Sources):

Indicator Strategy Code
© Smart use of local natural resources Al
;E- Profit of climatology A2
:T Shelter against climatology A3
§ Low tech measures and circularity of water A5
Tg Low tech measures and circularity of food A7
;U; Low tech measures and circularity of air A8

Table 6.3.1.1: Selected strategies for Sources and materials (Sources).

B- Species & ecosystems (Life):

Indicator Strategy Code
& £ @ Connection to natural system B1
3~ 4

b o3 § Visible ecological processes B2
8® & i

O g c Understanding ecosystem and preserve B3
h S 8| them

N
o
=

Indicator Strategy Code
2 :'S > Natural biodiversity B5
Z o E | .

+ B9 Local species B6

Table 6.3.1.2: Selected strategies for Species and ecosystems (Life).

C- Culture & economy (Society):

Indicator Strategy Code
é Multifuncionality C1
=}

E Z | Active spaces C2
S ®©
2. _S Passive spaces Cc3
B
£ Human scale c5
“é »
S § Avoid sudden changes in level c7
o
o 4 | Climate c8
S o
§ £ | Business ecology C10
—_ 3
§ g Gastronomy C13
= >
© £ | Local employment C14

Table 6.3.1.3: Selected strategies for Culture and economy (Society).

D- Health & happiness (Individual):

Indicator Strategy Code
$ Direct and welcoming access D2
8z
<F 3 | Universal accessibility D3
~N G
=
e
G & | People circulation D5
n B
<z

= | Air purification D7
LT
@ Traffic protection D8
©
(%]
. 2z | Active and lively spaces 18h/day D11
> . .
Té Integration over segregation D12
o Diversity D13
> . . . .
-g_ Gradients in privacy & public spaces D14
C
o 2 | Visible identity D15
'g Stimulation of sight D16
o
o} Stimulation of hearing D17
o
o
- Stimulation of smell D18
s Stimulation of touch D19
S g
o & | Stimulation of taste D20

Table 6.3.1.4: Selected strategies for Health and happiness (Individual).

6.3.2 SPATIAL DESIGN OF SQUARE

Spatial conversion from the previous strategies is
searched in this chapter through urban and architectural
design tools. Some of the previously selected strategies
for outdoor and indoor spaces are omitted due to not
applicability to the specific intervention area (e.g: safety
from traffic in the greenhouse). Moreover, there is no spe-
cific order for applying each strategy but bottom to top is
preferred. Moreover, due to the connection of some strat-
egies, grouping is done for facilitating the design analysis.

All diagrams will have North orientation (®N) and the de-
sign process will be structured according to internvetions:
-Square: In front of Lidl.
-Lidl refurbishment: Interior entrance area.
-Greenhouse: Rooftop of the first residential building.

The design process follows the same structure but with
some different strategies for each intervention, so the first
one (square) is explained more in detail than the others.
During the process, a lot of sketching and new ideas arise
but this chapter shows only a summary of the main im-
portant points. The final result of the design process is
displayed in chapter 07 Design proposal.

- Square:
The strategies applicable in the square and independent-

ly of the order, are:

é Indicator Strategy Code
S
[
s P Smart use of local natural resources Al
s '§. Profit of climatology A2
o ) Shelter against climatology A3
o 4 Low tech measures and circularity of water | A5
3l ¢ =
I
gl o= Low tech measures and circularity of air A8
« | Indicator Strategy Code
£l
0o
‘§. _8 £ Connection to natural system Bl
§ & g § Visible ecological processes B2
; '§ < § Understanding ecosystem and preserve | B3
w|OS ® 2| them
Q10 L o
9w .
RS 2| Natural biodiversity B5
1 o ¢ i
& § -3 Local species B6
Indicator Strategy Code
z z 5 Multifuncionality c1
S |5 § > Active spaces c2
8 |= 2 sl Passive spaces c3
| o
& | S ¢ |Human scale c5
g 5 é Avoid sudden changes in level c7
5 |°.~, | Climate c8
o a
ol® g 2| Business ecology c10
° c 5| Gastronomy C13
o 8 e
o o3

Indicator Strategy Code
§ E Direct and welcoming access D2
$2 Universal accessibility D3
5 S ) )
© .2 | People circulation D5
o

2 z

.“5' = | Air purification D7

o = S

% < T

< > 3 s

o k3 Traffic protection D8

s| 3

P53 < Integration over segregation D12

z % _ | Diversity D13
£ 2 | Gradients in privacy & public spaces D14
g 2 | Visible identity D15
6 g | Stimulation of sight D16
> & | Stimulation of hearing D17
= g | stimulation of smell D18
s 2 . -
& % | Stimulation of touch D19

Stimulation of taste D20

Table 6.3.2.1: Application possibility from selected strategies depending
on square conditions.

Some of the previous strategies are linked to each other,
so considering similarities and indirect relations, the fol-
lowing order and group of strategies can be followed:

12 A2+A3

29  Al1+B1+A8+B5+B6+D7
39  D5+D2+D3+C7

42 D8

59  C2+C8+D14

62  C3+C8+D14

79 C10+C13+D18+D20
82  A1+B1+A5+B2+B3+D16+D17+D18
92  (C1+D12+D13+C5

102 D15+D16

112 D19

122 (Retouches)

-12: A2+A3 (Profit of climatology & shelter against clima-
tology):

Orientation is crucial in the square, being necessary to
identify shadows, undesired windy areas sunny spots.
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Figure 6.3.2.2: Orientation (sun, shadow, wind).

-22: A1+B1+A8+B5+B6+D7 (Smart use of local natural

resources, connection to the natural system, low tech

measures and circularity of air, biodiversity, local species,

air purification):

Windy areas (coming mainly from West, but also North
and East) are improved by the introduction of greenery
wind barriers such as shrubs and trees thus making peo-
ple feel more comfortable (privacy and protection).

"
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Figure 6.3.2.3: Current state regarding wind barriers (green colour) and
remain protected (pink) and unprotected area (red).
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Figure 6.3.2.4: Several options for greenery wind barriers (green colour)
and remain protected (pink) and unprotected area (red).

The last option is chosen due to the achievement of high-
er and more efficient protected area against wind flows.
Moreover, the final angle position of wind barriers allows
profiting better the spaces, minimising useless areas.

-32: D5+D2+D3+C7 (People circulation, direct access, uni-
versal accessibility, avoid sudden change in levels):

Lidl and square current accessibility is affected by a
change in levels (red line) and the presence of car flows
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in the middle of the square, obstructing people flows. The
objective is to improve Lidl's and other flows, allowing
universal accessibility and free movements in the centre.
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Figure 6.3.2.5: Current and desired Lid’s (orange) and Toro’s (purple) cus-
tomer circulation, other people flows (green), limited accessibility (red
line) and universal accessibility (blue line).

-42: D8 (Traffic protection):

Safety is important for achieving an enjoyable square for
people, so the car parking is relocated as far as possible,
allowing to gain more pedestrian space but without re-
moving the car service due to frequent usage from Lidl
clients (existing bins are moved to the next sidewalk).

Figure 6.3.2.6: Current car parking with pedestrian barriers (red line), car
flows (orange arrows), safe (green) and no safe (red) areas.
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Figure 6.3.2.7: Car parking possibilities with pedestrian barriers (red
line), car flows (orange arrows), safe (green) and no safe (red) areas.

The final option allows people to flow from lateral sides
by reducing car flows, and keep the same parking spots.

-52: C2+C8+D14 (Active spaces, climate, gradients in pri-
vacy & public spaces):

Active spaces consist of the public character of the square,
with activity and exchange of experiences. North orienta-
tion is not an issue if other factors are considered, such
active and passive spaces according to orientation (sun,
shadow and wind), car and people flows. Active spaces
do not need as much as sun as passive spaces, so they
are placed in the shadow and next to higher people flows.
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Figure 6.3.2.9: Active spaces possibilities (red), profiting shadow areas
and higher concentration of new people flows (purple).

The final option is chosen due to higher flows, sunny spot
and right dimension, leaving the rest for passive functions.

-62: C3+C8+D14 (Passive spaces, climate, privacy, gradi-
ents in privacy & public spaces):

There are little passive spaces in the current situation,
lacking benches and other factors to make possible to
perform passive activities. Therefore, new passive spac-
es for relaxing and contemplating are placed in a sunny,
more private area, and far from energetic activities or
people flows. The rest of the spaces will have a semipublic
or semipublic character.
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Figure 6.3.2.10: Current passive areas (blue colour) and people flows
(purple), having low rate of attractiveness.

Figure 6.3.2.11: Passive spaces possibilities (blue), profiting sunny and
protective areas due to windy barriers (green), and far from high concen-
tration of new people flows (purple).

The final option profits more efficiently the surface for
performing passive activities, being protected by wind
barriers, far from people flows and sunny areas.

+72: C10+C13+D18+D20 (Business ecology, gastronomy,
stimulation of smell and taste):

Business and public spaces have symbiotic relation be-
cause spaces obtain great benefits from the business area
(active space) and business obtain benefits from the prox-
imity of streets, being a safe and nice area to walk and
pass time. Moreover, gastronomy plays an important role,
activating the spaces and gathering people. Due to the
proximity of the Lidl entrance, a cafeteria with a terrace
is aimed, boosting connection between exterior-interi-
or, enjoying the outdoor atmosphere, profiting sun rays,
bringing life to the square and increasing Lidl profits.
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Figure 6.3.2.12: Terrace location possibilities (blue), next to Lidl entrance
(red line), profiting sunny areas and a bit distant from high concentration
of new people flows (purple).

The final option is chosen because there are higher sun
rays (mainly in the morning for providing breakfast), locat-
ed in a passive area for resting and closer to Lidl entrance.

-82: A1+B1+A5+B2+B3+D16+D17+D18 (Smart use of lo-
cal natural resources, connection to natural system, low
tech measures and circularity of water, visible ecological
processes, understanding ecosystem and preserve them,
stimulation of sight, hearing and smell):

Based on fieldwork, it is noticed that the square lacks the
presence of natural systems due to the hard surface and
car flows. In the current state, there is no possibility for

1071



integrating natural processes and living species, needing
to remove hard pavement and bring back the greenery.
By doing this, better permeability against floods, biodiver-
sity, living species and natural atmosphere are achieved.
Moreover, designing with basic natural elements such as
water or earth brings great potentials to space, decreasing
the need of outdoors inputs. For example, water enable to
improve climate conditions during hot days, increase hu-
midity, reduce Urban Heat Island (UHI), encourage game
activities, biodiversity and coexistence between users.
When performing flows calculations, the addition of halo-
phyte plants were considered for reusing greywater from
kitchens. So phytoremediation and halophyte tanks need
to be placed in the square, due to big dimensions require-
ment, involvement of people about climate awareness
through visible examples, and short distance require-
ments between collection-consumption points. Water
features could be related to passive activities, using its
natural noise or smell for boosting relaxing mood, so its
location is placed within the previous passive spaces.
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Figure 6.3.2.13: Final passive spaces (blue) and phytoremediation/halo-
phyte possible locations (red square).

The final option is chosen due to big dimension require-
ment of biofilter tanks, passive area and the possibility to
leave more space for performing other activities.

-92: C1+D12+D13+C5 (Multifuncionality, integration over
segregation, diversity, human scale):

All spaces should be designed according to the human
scale, having furniture for the use of citizens and with the
right height and dimensions (maximum of 3 meters). The
following activities could be performed within the active
and passive spaces of the square, being able to boost in-
tegration, diversity, multifunctional and diversity values:

- Active:
1- Sand playground: For kids or playing petanque
2- Children playground
3- Skate park: Teenagers
4- Open gym: Young and elderly
5- Open field: Frisbee, football or ball games, BBQ, picnic
6- Mini greenery elevations: Playing
7- Fountain: To attract biodiversity (animals) and people
(playing, washing, refreshing...).
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8- Canal: Recreation, biodiversity attractor and visible
climate awareness

- Passive:
9- Stands at different heights: For relaxing, chatting, con-
templating or as an observing space through different
heights (like theatre stage)
10- Open field: Yoga, taichi, mediation, reading, having
expositions, laying down, talking and gathering.
11- Mini greenery elevations: Resting
12- Benches and tables: For resting, eating, playing table
games, etc.
13- Hammocks and larger benches: For resting
14- Phytoremediation/halophyte tanks: Climate aware-
ness. Introduction of a walkable path (for walking, rest-
ing, observing..) for making people participant and con-
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Figure 6.3.2.14: Example 4: Open gym for young and elderly (Source: /
www.gametime.com/).

Fiure 6.3.2.15: Examp/é 6: Mini greenery elevations for playing (Source:
https://www.agrodelnorte.com.mx/acondicionamiento_de_suelo.html).
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Figure 6.3.2.16: Example 7: Fountain for water recreation for kids and
other purposes (Source: https://www.vpdelta.nl/nl/delta-story/).
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Figure 6.3.2.17: Example 8: Canal for water recreation for kids and bi-

odiversity attractor (Source: www.metropolismag.com/architecture/
landscape/new- landscapes/

Figure 6.3.2.18: Example 12: Benches and tables for resting, eating, play-
ing tables games (Source: www.barbourproductsearch.info/artform-ur-
ban-furniture-introduce-islolaurbana-news075679.html;  www.chess.
com/forum/view/chess-equipment/outdoor-park-chessboards-).

Figure 6.3.2.19: Example 14: Phytoremediation/halophyte tanks an
with walkable paths on top (Source: https://ocw.tudelft.nl/course-read-
ings/water-sensitive-urban-design/).

The following activities and spaces are discarded due to
similar existing facilities in Spangen, big dimensions re-
quirement, target to one specific group rather than boost-
ing integration or unique function possibility, resulting in:

-Spaces and activities discarded:

2- Children playground 9- Stands at different

3- Skate par heights

-Spaces and activities selected:

-Active:
(0- Terrace) () 6-Minigreenery eleva-
1- Sand playground tions
4- Open gym 7- Fountain
5- Open field 8- Canal

-Passive:

10- Open field 12- Benches and tables
11- Mini greenery ele- 14- Phytoremediation/
vations halophyte tanks

Due to the wide range of activities, there are several spa-
tial possibilities that could fit in the square:

-Active:

Figure 6.3.2.20: Spatial possibilities for active spaces and activities.
The final option is chosen due to these reasons:

(O- Terrace: Sunny area according to Figure 6.3.2.12).

1- Sand playground: Location in a sunny area, next to the
terrace (watched by parents) and far from people flows.
4- Open gym: Location far from people flows and next to
children area for boosting integration among ages.

5- Open field: This is the most multifunctional area, be-
ing wide and uniform space and delimited design for
avoiding confusion among users. It matches well with
people flows due to active values.

6- Mini greener elevations: Location preferred next to
the sand playground (uniforming kids area) and in a sun-
ny spot due to plant’s conditions and multi-purpose val-
ue (active and passive space, needing sunny areas).

7- Fountain: Located in a sunny area (recreation), next to
the biofilter tanks and children area if possible.

8- Canal: It needs a long space in order to have a pres-
ence in the square. Aso, it should be located next to bio-
filters and fountain for for collecting the water and send
it back to the tank. On the other hand, it should allow
to perform other activities and not disturb people flows.

-Passive:
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6.3.3 SPATIAL DESIGN OF LIDL

Figure 6.3.2.21: Spatial possibilities for passive spaces and activities.

The final option is chosen due to these reasons:

(10- Open field): Location fixed (Figure 6.3.2.20). Moreo-
ver, half of this space is not located in high transit of peo-
ple flows so it allows to experience also calm activities.
(11- Mini greenery elevations): Same reasons as before,
so its location is already fixed (Figure 6.3.2.20).

12- Benches and tables: Based on fieldwork, it is ob-
served that some people wait outside Lidl supermarket,
needing to provide benches and a nice area for them.
Resting area next to Lidl could improve life’s quality of of
neighbours (having a nice panoramic view of the whole
square) and satisfaction of customers (being calmer
while shopping, entering one member to shop while the
other is waiting outside, etc). So, the sitting area should
be placed around Lidl entrance, allowing to act also as a
wind barrier but without disturbing people flows.

(14- Phytoremediation/halophyte tanks): Location fixed
according to Figure 6.3.2.13.

-102: D15+D16 (Visible identity, stimulation of sight):

Identity is a qualitative value, very subjective and difficult
to measure, but several identity actions could be consid-
ered within the refurbishment of the square, such as:
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-Benches and furniture of -Names or logo of the
terrace with flag colours countries written on floor.
of the different ethnici- -Tiles with colours, etc.
ties.

-112: D19 (Stimulation of touch):

This qualitative value could be increased by the introduc-
tion of diverse vegetation on one hand, and different ma-
teriality of equipment on the other. For example: wood
for the path on top of biofilter tanks, the stone of biofilter
tanks, sand, grass, metal from open gym equipment, etc.

-122: Retouches.

The previous steps helped to design the main characteris-
tics of the square, needing later some retouches and ad-
aptations for achieving the final result, for example:

-Bike lane: For increasing safety and avoid bike distur-
bances in the middle of the square, bike transit is moved
away towards the car parking.

-Safety: Square is segregated from cars through the in-
troduction of the sidewalk, bike line and trees zone.
-Trees: To provide shadow to the terrace and activity ar-
eas, hides the urban views and enhance nature inclusion
(nature views and mental well-being).

-Grades in biofilter tanks: Grades are integrated on the
edges of the ponds in order to be used as benches, ob-
servation or resting area.

- Lidl refurbishment:
The aim is to provide an additional space where people
can experience more than just doing shopping:

- New experience by tast-
ing/ buying fresh prod-
ucts from GH

Try reprocessed food
from surplus, increasing
FW awareness.
- Enjoy purchased prod-
ucts directly after their
shopping though dining
area.
- Meeting, working, stud-
ying space.

- Breakfast, lunch and din-
ner (fresh, and organic
low-cost menus).

- Recyclability and FW re-
duction among citizens.

- Welcoming place open
on weekends and until
00:00 h for example, de-
creasing criminality or
vandalism and boosting
activity in the neighbour-
hood.
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In order to achieve those objectives and improvements,
designs are based on strategic points described in chapter
4.6 Design framework, similar to the square design pro-
cess. The strategies applicable for the Lidl interior refur-
bishment, and independently of the order, are:

Indicator Strategy Code

Smart use of local natural resources Al

Biophilia

Table 6.3.3.1: Application possibility from selected strategies depending
on Lidl interior conditions.

Similar to the square, this is the strategy grouping order:

12 D11+D2+D3+C7 62 B1+D16+D5

22 D5 7°  Al1+A8+B2+B6+D7

32 C2+D5+D14 82 Cl4

4° (C3+D5+D14 92 D15+D18+D20

59 B2+A7+C10+C13+D18+D20/ 102 D19
C1+D12+D13+C5 112 (Retouches)

Figure 6.3.3.1: Curret iuan‘on picture of the interior of Lidl.
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Figure 6.3.3.2: Current situation floor plan of the interior of Lidl.

-12: D11+D2+D3+C7 (Active and lively spaces 18h/day, (di-
rect and welcoming access, universal accessibility, avoid
sudden changes in level):

Criminality and danger situations occur mainly at night
and in outdoor environments. So it is important to keep
the spaces active, illuminated, and connected to the ex-
terior (vision to streets) for ensuring safety. Due to the
limitation of Lidl schedule of 08:00-22:00 h and little con-
nection to the outdoor environment, there is a necessity
to divide the supermarket into two spaces:
-Supermarket: Current space for doing groceries.
-Cafeteria (entrance area): Penetrable and welcoming
new space, with activity after 22:00 h and connected to
the exterior environment through operable doors.

A glass barrier between the supermarket and the new
space would allow both areas to still work independent-
ly, getting natural light and keeping the double security
door use. It has been considered that cafeteria will be
always open when the supermarket is open too, so it is
not necessary to create independent entrances. Access to
the cafeteria would be clear, welcoming for everyone and
without any changes in level.
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Figure 6.3.3.3: Entrance current situation, with entrance area (pink col-
our), cash area (blue) and commercial area (brown).
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Figure 6.3.3.4: Entrance refurbishment possibilities, with entrance area
(pink colour), cash area (blue) and commercial area (brown).

The final option is chosen due to uniform distribution and
proper dimension for allowing sub-spaces.

:22: D5 (People circulation):

Existing circulation is mainly focused on the cash and
commercial area, having monotonous customer flows and
valueless activity. So, there will be a combination of linear
Lidl flows and other new from cafeteria that will boost ac-
tivity and life and exchanging new experiences.

Toros supermarket

Figure 6.3.3.5: Circulation in the current situation with Lidl customer
flows (orange).
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Dressing room

Toros supermarket
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Figure 6.3.3.6: New circulation in the proposal situation with Lidl cus-
tomer flows (orange) and other people flows (green).
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-32: C2+D5+D14 (Active, people circulation, gradients in
privacy & public spaces):

There are only active spaces in the existing situation but
the introduction of a cafeteria would allow having gradi-
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ents of privacy and public spaces (passive and active).

Toros supermarket

Figure 6.3.3.7: Active space in the current situation (red colour) accord-
ing to people flows.
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Figure 6.3.2.8: Active possibility spaces in the entrance (red colour), ac-
cording to people flows.

The final option is chosen due to the wider area and prox-
imity to people flows and exterior, leaving other spaces
for private and passive activities.

+42: C3+D5+D14 (Passive spaces, people circulation, gradi-
ents in privacy & public spaces):

Passive spaces for resting, eating, chatting, studying or
reading in the cafeteria, should be far from Lid’s flows.

Toros supermarket
Toros supermarket
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T
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Figure 6.3.3.9: Passive possibility spaces in the entrance (blue colour)
according to people flows.

The final option is chosen due to the proximity to private
rooms and option to leave active areas next to the facade.

:52: B2+A7+C10+C13+D18+D20/ C1+D12+D13+C5 (Visible

ecological processes, low tech measures and circularity of
food, business ecology, gastronomy, stimulation of smell
and taste/ Multifuncionality, integration over segregation,
diversity, human scale):

Recyclability results hard when people are demotivated
and there are not practical examples, so in order to make
it more appealing and reducing FW, the cafeteria would
provide low-cost menus by direct donations from the
neighbourhood and Lidl (reprocessed food). So there is a
necessity to introduce a small kitchen service and dining
area. On the other hand, all spaces will be designed ac-
cording to the human scale, having furniture right height
and dimensions (maximum of 2 meters). These activities
could be performed within the active and passive spaces
of the Lidl entrance, being able to boost integration, diver-
sity, multifunctional and diversity values:

- Active:
1- Tables: Playing games.. birthdays celebrations or
2- Singing stage: For entertainers, among oth-
evening concerts. ers.
3- Children area: Play- 4- Pool, darts, table foot-
ground, story telling, ball

- Passive:
5- Big tables: Studying,
eating meals, working,
meetings
6-Small tables: Wwork-
ing, chatting, eating or
drinking
7- Sofas: For sitting, read-

ing, relaxing, observing

8- Hammocks: For resting
and relaxing

9- Kitchen area: Offering
menus, sandwiches, up-
cycled juices, etc

10- Bathrooms

However, the following activities are discarded due to big
dimensions requirement, expensive equipment needed,
individual activity rather than boosting integration or
unique function possibility, resulting in:

-Activities discarded:
2- Singing stage: For ball
evening concerts. 8- Hammocks: For resting
4- Pool, darts, table foot- and relaxing

-Activities selected:

-Active:
O 1- Big tables: O 3- Children area:
-Passive:
(5- Big tables) 9- Kitchen area
6- Small tables 10- Bathrooms

7- Sofas

There are several spatial possibilities for the activities that
could fit in the cafeteria area:
-Active:
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Figure 6.3.3.10: Spatial possibilities for active activities.

The final option is chosen due to the fact that meets most
of the following reasons:

1- Big tables: Preferred location in the middle because it
is the central activity where all the surrounding uses can
take place. Moreover, this area should be appealing for
food consumption and visible from all angles.
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3- Children playground: The best place is next to the fa-
cade, with direct visuals from the outdoor terrace, the
interior of the supermarket and cafeteria. Moreover, the
benefit of this location is that it could be easily closed by
glass walls in order to isolate noise from kids and do not
disturb the rest of the indoor atmosphere space.

The final option is chosen due to these reasons:

5-(Big tables): Location fixed according to Figure 6.3.2.10.
6- Small tables: Located next to the other big tables and
sofas as additional support for eating and chatting.

7- Sofas: Next to the facade or the glass barrier, which
have greater visions from both sides.

9-Kitchen area: Due to its more private character, it
should be located next to the office and dressing room.
10- Bathrooms: Placed in far and isolated space, leaving
the rest of useful areas for value activities. So the corner
seems to be the perfect, reinforced with lateral walls .

However, the objective of the new area is to provide a
comfortable but flexible space, so its configuration can be
modified (multifunctional) thanks to movable furniture,
allowing to be adapted and used as a working, meeting,
eating and resting space, resulting in two other options:
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Figure 6.3.3.12: Other two optimal possibilities of passive spaces due to
movable furniture.

-62: B1+D16+D5 (Connection to natural system, stimula-
tion of sight, people circulation):

Currently, there is little connection with the environment,
so by introducing new active spaces, openings in the fa-
cade can be done (operable doors), resulting a permea-
ble facade, enhancing exchange between interior-exterior
and increasing indoor activity.
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Figure 6.3.3.11: Spatial possibilities for passive activities.
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Figure 6.3.3.13: Openings in the facade (red dash line), allowing ex-
changing new people flows (orange) and visions (blue arrow).

6.3.4 SPATIAL DESIGN OF GREENHOUSE

-72: A1+A8+B2+B6+D7 (Smart use of local natural resourc-
es, low tech measures and circularity of air, visible ecolog-
ical processes, local species, air purification):

Lidl indoor spaces have a high energy demand due to cli-
matization systems, among others. So, by introducing low
technology measures in the form of green walls or flower-
pots, air quality, humidity, well-being and nature environ-
ment presence in indoor areas could be improved:

-Curve wall in children area

-Movable furniture (green wall or flowerpots)

-Flower pots (North facade)
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Figure 6.3.3.15: Figure 6.3.3.16: Figure 6.3.3.17: Green wall

Movable green wall Flowerpot example example in the children area

example  (Source: (Source: https:// (Source:  http://www.asia-

https://nl.pinter- casaydiseno.com/ greenbuildings.com/7928/

est.5132382737).  13929jardineras-in- perks-indoor-green-walls/).
gantes.html).

-82: C14 (Local employment):

The introduction of this cafeteria service not only bene-
fit Lidl, but also the rest of Spangen through new valua-
ble space and increase of local employment possibilities.
These are the main selected job’s possibilities, according
to activities and low qualification requirements:
-Baby sitter in children area: Babysitter not only for tak-
ing care of kids while parents are shopping, in a meeting
terrace, eating, etc, but also for other activities: Story
telling, birthdays celebrations or entertainers,..)
-Chef: Providing a menu from surplus food such as juices
from unwanted or ripe fruits, easy sandwiches from sur-
plus vegetables, etc.
-Waiters: For providing services and maintaining the
space clean and attractive.
-Security person: For increasing security in the area.

-92: D15+D16+D18+D20 (Visible identity, stimulation of
sight, smell and taste):

Several identity actions could be considered within the
entrance cafeteria, such as:

-Benches and furniture -Customer names in each
with flag colours of the drink (similar to Star-
different ethnicities. bucks)

-Name of the plate on the -Variety of gastronomy
food menu according to according to food culture
different countries. -Etc

-102: D19 (Stimulation of touch):

This qualitative value could be increased by the intro-
duction of different materiality of surfaces. For example:
wood for the tables, leather or synthetic on sofas, carton
from cups, etc.

-112: Retouches

The previous steps helped to design the main character-
istics of the cafeteria, needing later some retouches and
adaptations for achieving the final result, for example:

-Kitchen storage room: Need of a well-equiped kitchen,
with a storage room next to it for placing safely the food.
-New garbage bins: Detailed FW separation are intro-
duced for saving the most nutrients as possible. New
bins for animals feed and vermicompost are introduced.
-High tables: Diversity of functions: quick drink, study
area, eating individually or waiting for someone.

-New dressing room entrance from Lidl cash area.

: Greenhouse:
The strategies applicable for the greenhouse and inde-
pendently of the order, are:
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£ '§_ Profit of climatology A2
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Table 6.3.4.1: Application possibility from selected strategies depending
on Lidl interior conditions.

Some of the previous strategies are linked to each other,
so considering similarities and indirect relations, the fol-
lowing order and group of strategies can be followed:

12 D5+D2+D3+B1+D16 |72 A1+B2+D16+A7+C13+D18+D20/
22 A2+A3 B5+B6+A8+D7+A5
32 B4 82 (C1+D12+D13+C5
49  D5+D14 92 (14
52 C2+C8 102 D15+D16+D18+D20
62 (C3+C8 112 D19
122 (Retouches)

! 2

G
Figure 6.3.4.1: Current situation of the two rooftop possible locations for
the greenhouse (Source: Google Maps). © N
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-12: D5+D2+D3+B1+D16 (People circulation, direct and
welcoming access, universal accessibility, connection to
natural system, stimulation of sight):

GH location is selected based on the lifts of existing resi-
dential buildings, which are located in the lateral side of
Lidl (Figure 6.3.4.2). There are two options the GH loca-
tion, being the first residential building selected due to
the following reasons (Figure 6.3.4.2 & 6.3.4.3):

-Direct and more comfortable connection with custom-
ers from Lidl cafeteria, increasing citizens participation
and transit towards the rooftop (orange arrow).

-Food waste (FW) movements between Lidl-GH are re-
duced because connection (green) is closer to the trucks
and surplus food area (red shadow).

-There are greater views due to more height and and
central location, being able to observe the square and
the rest of Spangen (Figure 6.3.4.3).

Figure 6.3.4.2: Comparison of the two locations for the greenhouse:
First and second residential building, with vertical communications (blue
shadow), customer flows (orange), FW connection (green), surplus and
truck area (red shadow) and storage rooms (pink shadow). ©N
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Figure 6.3.4.3: Comparison of views and relation to surroundings accord-
ing to first and second building: Great/valuable views (green), medium
views (orange), limitation of views due to height and visual barrier (red).

-22: A2+A3 (Profit of climatology, shelter against climatol-
ogy):

Orientation in the GH is crucial, needing to identify shad-

ows, windy areas and sunny spots. But, the first building
has great potentials due to height and South orientation.
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Figure 6.3.4.4: Orientation (sun and wind, without shadows).

In order to maximize the solar gains and strengthen ven-
tilation, a small and brief research is conducted. Accord-
ing to experts, the best orientation of the greenhouse is
along the West and East axes (aquaponics oriented in the
North-S axes), where sunlight can be profited during all
day (from early morning until late afternoon).
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Figure 6.3.4.5: Best orientation for the greenhouse.

Shape analysis is conducted (in cross-section), selecting in
the end the two pitched roof due to existing structure,
solar energy production and simplicity. Due to acceptable
natural orientation, a simple rectangular shape (matching
with the existing building shape) is enough, without the
need to incline walls for maximizing sun rays.

Figure 6.3.4.6: Shape optimization research according to sun orientation
(cross section).

A brief study about natural ventilation is performed, con-
cluding that a combination of both sidewalls and roof
opening is the most beneficial one for enhancing natural
cross ventilation. An important aspect of natural ventila-

tion is that the vents should be placed over the plants in
order not to damage them from the strength of the wind.

Greenhouse

%(

Figure 6.3.4.7: Ventilation research according to wind direction (cross
sention and floor plan), with window or openings (blue square), ventila-
tion flows (pink), hot and cold air (red and blue).

-32: B4 (Understanding urban factors and preserve them):

The existing structure is an important factor due to the
introduction of weight on top of the building, so the GH
is aimed to be installed on the existing structure in order
to minimize its impact. Owing to lack of building structure
information, an assumption is based on Lidl ground floor
and facade patterns, having beams every 6 meters. The
existing chimneys need to be moved for the implementa-
tion of the GH, but it is not a problem since exhaust fumes
can be easily moved around 2 m away.
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Figure 6.3.4.8: Real extension of the greenhouse (grey shadow) accord-
ing to existing structure (orange) and simplification geometry (green).

The final option is chosen due to the greater space for
food production and social meeting spaces, as well as
leaving a small outdoor space for contemplating the views
from the rooftop. For the future diagrams and due to sim-
plification of shape, the green square will represent the
real extension and geometry of the GH (Figure 6.3.4.8).

-42: D5+D14 (People circulation, gradients in privacy &
public spaces):

A free circulation of people is aimed around the whole fa-
cility, but it should profit as much as possible the valuable
views towards the rest of Spangen (North facade). More-
over, circulation in the GH is influenced by the level of pri-
vacy of the spaces, needed to be later adapted to them.
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Figure 6.3.4.9: People flows objectives (purple), considering greenhouse
entrance (red), lift location (blue) and valuable views (green).

Private spaces are placed in areas with valueless views and
far from people flows. However, public spaces are placed
next to great views and active movement of people.

Figure 6.3.4.10: Space privacy possibilities according to people flows.

The final option is chosen due to high number of private
spaces required for the efficient service of the green-
house.

-52: C2+C8 (Active spaces, climate):

Most of the spaces in the greenhouse are active in order
to have recreation, production areas and in general, lots
of social activities. Specific activities will need to be placed
according to climate orientation, such as crop production.

Figure 6.3.4.11: Active areas possibilities in the interior of greenhouse.

The final option is chosen due to orientation for food pro-
duction and preferred longitudinal distribution.

-62: C3+C8 (Passive spaces, climate):

There are few relaxing activities due to the objective to
achieve mainly active social life. One passive space is
located in the exterior, where people enjoy the breeze,
views, eat and meet. The other passive space is the dining
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area, allowing to chat, eat or doing workshops.

f
\

Figure 6.3.4.12: Passive areas possibilities in the greenhouse.

The final option seems to be the most beneficial due to
the higher surface of natural light and valuable views for
doing passive activities such as observation, resting, etc.

-72: A1+B2+D16+A7+C13+D18+D20/ B5+B6+A8+D7+A5
(Smart use of local natural resources, visible ecological
processes, stimulation of sight, low tech measures and
circularity of food, gastronomy, stimulation of smell and
taste/ natural biodiversity, local species, low tech meas-
ures and circularity of air, air purification, low tech meas-
ures and circularity of water):

Achieving close loops in crucial in the GH, reducing re-
source inputs from outside. So based on previous tech-
nology research, aquaponics NFT is introduced due to
minimum water requirement, lightweight and closing
system through fish and plants. Moreover, transparent
walls between rooms are crucial to make visible ecological
processes to people.Based on Polydome project, the com-
bination of animals and plants can be beneficial (waste
recovered as a nutrient for other species), improving bi-
odiversity and variety of products. This mixed production
carries constraints, in which animals and plants need to
be together for exchanging C02-02 through vents in walls,
need of outdoor area for livestock (bio-production) and
outdoor farm.

[\ ] ]

Figure 6.3.4.13: Combination possibilities of aquaponics NFT system
(green) and livestock (with open space and open field crops) (brown).

The final option seems to be the optimal due to right di-
mension and option to leave more surface for other so-
cial purposes. By occupying only half of the width, other
valuable and wide spaces can be introduced (rather than
a simple corridor, like the first case). Moreover, they are

placed towards South and next to the entrance for wel-
coming people through an innovative system

-82: C1+D12+D13+C5 (Multifuncionality, integration over
segregation, diversity, human scale):

The GH is aimed to be a facility for boosting satisfaction,
equity, integration and diversity through social activities,
as well as providing local food production and climate
awareness by food recyclability. So workshop rooms (re-
cyclability activities), kitchen and dining area (practical
example of food upcycling and enjoyable area to citizens)
are needed. All spaces are designed according to the hu-
man scale and right dimensions. Moreover, these activi-
ties, including food production, could be performed with-
in the active and passive spaces of the GH:

- Active:
1- Big tables: For playing, chatting, doing workshops,
working, meetings, etc. When the furniture is removed,
this space is used for multiple energetic activities.
2- Pool, darts, table football
3-Aquaponics NFT system: With the possibility to partic-
ipate in harvesting or agriculture lessons.
4-Livestock production +outdoor farm: With the possibil-
ity to participate in animal feeding and care workshops.
5-Workshops rooms: For providing photography, art,
music, languages classes, recyclability lessons, etc
6-Conference rooms: For teaching innovation, climate
awareness, circular economy, etc
7-Kitchen facility: Cooking workshops with surplus food.
Possibility to taste fresh products directly from the food
production area.
8-Children area

- Passive:
9-Big tables: For studying, eating meals
10-Small tables: For working, chatting or, eating. This
area can be used for people who want individual privacy.
11- Sofas: For sitting, reading, relaxing, observing
12- Bathrooms
13-Massage area: With frankincense to boost medita-
tion and relaxation.
14-Communal garden: In order to have own planting
space for boosting commitment, care, good feeling, pro-
priety feeling, identity, etc.
15-Storage room: For storing all furniture and leave the
area free of obstacles for performing other activities.

However, the following activities are discarded due to big
dimensions requirement, expensive equipment needed,
individual activity rather than boosting integration or
unique function possibility, resulting in:

-Activities discarded:

2- Pool, darts, table foot- 13-Massage area
ball 14-Communal garden
8-Children area

-Activities selected:

-Active:
1- Big tables tion + outdoor farm)
8 (3-Aquaponics NFT sys- 5-Workshops rooms:
tem) 6-Conference rooms

O (4-Livestock  produc- 7-Kitchen facility

- Passive:

(9-Big tables)
10-Small tables
11- Sofas

O 12- Bathrooms
15-Storage room

Due to the wide range of activities, there are several spa-
tial possibilities that could fit in the GH. However, due to
the 12 m width limitation, only one or two spaces fit:

-Active:

12m




The final option is chosen due to the fact that meets most
of the following reasons:

1- Big tables: Location preferably in the middle due to
multifunctional property depending on the distribution
of the furniture. But due to the width limitation of the
GH, this space is located at the North facade for enjoying
the views towards the neighbourhood and square.

3 and 4- Aquaponics and livestock production + outdoor
farm: Fixed according to Figure 6.3.4.13.

5 and 6- Workshops and conference rooms: Workshop
and conference room can work together and be one
space, in which with the help of movable walls it could
be converted into two spaces. One of the best places is
the West corner, having a bit of privacy and also views
towards the table area and the possibility to enlarge the
space towards North and South facade.

7-Kitchen facility: The most beneficial position would be
next to the production area, but due to hygienic reasons,
it is located far from animals space, having also views
towards the conference, workshop and dining area.

Although the previous distribution is the most beneficial
one due to wider, private and passive areas, people flows
and views, there are other multiple options that could
also work if aquaponics and livestock were located differ-
ent and other factors were not considered, for example:

Figure 6.3.4.15: Other spatial possibilities for active activities if aquapon-
ics and livestook rooms were organized different.
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-Passive:

1

Figure 6.3.4.16: Spatial possibilities for passive activities.

The final option is chosen due to the fact that meets most
of the following reasons:

9- (Big tables): Location fixed according to Figure
6.3.4.14, but adjustable in dimension.

10- Small tables: They should be located next to the oth-
er big tables as additional support for eating and chatting
practice. In the end, the surface needed for this purpose
is small, leaving the rest of the space for the placement
of more big tables.

11- Sofas: The majority of greenhouse space is destined
to provide social and active activities rather than pas-
sive ones, so sofas are aimed to be located outside in
order to gain more indoor space. This area can profit the
views, breeze and outdoor atmosphere for relaxing, con-
templating, observing, etc. Moreover, due to the prox-
imity to the dining area (big tables), eating can be also

performed outdoors.

12- Bathrooms: Usually these unattractive spaces should
be placed in far and isolated space, leaving the rest of
useful areas for value activities. But at the same time, it
should be next to the dining area and workshop spaces,
therefore the middle location seems to be right.

13- Storage room: Similarly to bathroom spaces, it is
aimed to be placed in corners and valueless areas, but
due to the necessity of store the furniture from work-
shop rooms and dining area, its location should be cen-
tral and next to them. Moreover, small dimension is
enough rather than occupying more social useful space.

:92: C14 (Local employment):

The introduction of this greenhouse not only can benefit
Lidl through on-site food production, but also the rest of
Spangen thanks to new valuable and social space and in-
crease of local employment possibilities.

Among the different possible jobs for this space, these are
the main selected ones, according to activities and low
qualification requirements when possible:

-Teachers: For providing musical lessons, sewing work-
shops, agricultural workshops, etc

-Entertainment person: For organizing social activities,
table games for everyone, storey telling for kids, etc.
-Chefs: Providing a menu from surplus food such as juic-
es from unwanted or ripe fruits, being creative with the
ingredients available from surplus, providing cooking
workshops with food waste, etc

-Farmers: For collecting, checking and feeding the aqua-
ponics and livestock. Also for providing workshops and
teaching people how to harvest or take care of animals
and vegetables, etc.

-Waiters: For providing services and maintaining the
space clean and attractive.

-Staff assistants: For moving furniture, surplus food from
Lidl ground floor or the neighbourhood, etc.

-Cleaners: For cleaning the spaces and bathrooms.
-Security person: For increasing security in the area.
-Etc

-102: D15+D16+D18+D20 (Visible identity, stimulation of
sight, smell and taste):

Several identity actions could be considered, such as:

-Floor surface with flag colours of the ethnicities.
-Name of the plate on the food menu according to dif-
ferent countries.

-Customer names in each drink (similar to Starbucks)
-Variety of gastronomy according to food culture
-Providing small flowerpots to each member of commu-
nity in order to have their own growing space.

-112: D19 (Stimulation of touch):

This qualitative value could be increased by the intro-
duction of different materiality of surfaces. For example:
Wood for the tables, leather or synthetic on sofas, carton
from cups, straw of animals, soft leaves from aquaponics,
metallic surface from kitchen space, glass from walls, etc.

-122: Retouches:

The previous steps helped to design the main characteris-
tics of the greenhouse, needing later to refine and adapt
several spaces in order to achieve the final proposal.

Example of retouches are:

-Flowerpots: Placed along the North facade, thus being
perceived as a greenery facade from the exterior and for
filtering and protecting the indoor space from undesired
lighting or sun flashes during afternoon time. Moreover,
a small area to plant own vegetables is given to neigh-
bours (mini property), increasing people satisfaction and
sense of belonging, identity, pride of individual growing
crop, respectful from other’s work, etc

-Kitchen storage room: It is important that the kitchen is
well-equipped, having a storage room next to it where
surplus food and others can be kept safe.
-Vermicompost containers can be easily introduced, be-
ing placed in outdoor space for livestock or within chick-
ens rooms, reducing also its odour due to the proximity
to aquaponics.

-New garbage bins: In order to make a real change
among the citizens of Spangen regarding food waste, de-
tailed separation of it should be introduced in order to
save the most nutrients as possible. New bin for animals
feed and vermicompost is introduced.

-Germination zone: This first stage for growing plants
need to be placed next to aquaponics and separated
from it due to specific climate conditions requirement.
-Movable and partition walls: Allow more privacy for
Muslim culture, families, introverted or any people
-Buffet table: Due to the wide offer of food from surplus
and waste, a buffet service is aimed, allowing to feed
people in need and other customers for a very low price.
The buffet table should be placed in the middle, being
accessible from both sides of the dining area.
-Installations rooms: For conditioning equipment and
other requirements.

<3 ,’1
i ¥ : 3
Figure 6.3.4.17: Flower pots in North facade (Source: https://sp.deposit-
photos.com/208/green-facade-gardening-architecture-ecological.html).
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7.1 | DESCRIPTION OF THE PROPOSAL

This chapter is a brief summary of the most important
points from the previous chapter 6.3 Design process, ex-
plained over the final designs. The previous chapter needs
to be read for understanding completely the intentions of
the final design. All diagrams have North orientation. @N

- Square:
Although square is thought to be disconnected from Lidl

purposes, it is responsible not only for the rise of activity
life and people integration in Spangen, but also increase
of profits for Lidl. The main factors considered in this de-
sign are the orientation (sun, shadow and wind), car and
people flow, and diversification of spaces (activity and
resting), resulting in the introduction greenery wind barri-
ers in windy areas, placement of people flows in shadow
areas, resting areas and activities in sunny locations.
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Figure 7.1.1: Orientation (sun, shadow, wind).
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Safety is achieved by moving the car parking towards the
main road (North side), allowing to gain more pedestrian
space for citizens and free walk around Lidl supermarket,
without being disturbed by cars and without removing
the car service. Additionally, other pedestrians that do
not want take part of the square activity or are in a rush,
can walk easily and reach faster the next sidewalk through
the path next to the car parking (Figure 7.1.3).
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Figure 7.1.3: Active (red) and passive spaces (blue), and new people cir-
culation (purple).

Segregation of spaces depends on views (privacy or not),
sunny areas (relax and resting activities), people flows and
connection with Lidl supermarket (cafeteria area) or other
streets, among others. Within active areas, the following
spaces and activities are chosen:
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0- Terrace O 6- Mini greener eleva-
O 1- Sand playground tions

4- Open gym 7- Fountain
8 5- Open field 8 8- Canal
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Figure 7.1.4: Spatial configuration of active spaces and activities.

On the other hand, the passive spaces and activities are:
(10- Open field) 12- Benches and tables
(11- Mini greenery ele- 14- Phytoremediation/
vations) halophyte tanks
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Figure 7.1.5: Spatial configuration of passive spaces and activities.

The way square is designed allows for integration and
multiple interactions between citizens, not only outdoor
conversations or views but also indoor-outdoor connec-
tions. Finally, identity and stimulation of senses are also
encouraged through design choices.

- Lidl refurbishment:

The objective of the refurbishment of Lidl entrance is to
provide an additional space where people can experience
more than just doing shopping, for example:

- New food experience by tasting and buying fresh prod-
ucts from GH.

- Try and taste reprocessed food from surplus, increasing
FW awareness.

- Enjoy purchased products directly after their shopping
- Meeting, working, studying space.

- Food menus (fresh and organic low-cost menus).

- Recyclability and reduction of FW among citizens

- Welcoming place open on weekends and until 00:00
h for example, decreasing criminality or vandalism and
boosting activity in the neighbourhood.

There is a division of spaces in order to allow both areas to
function independently, being the wall made by glass for
allowing the entrance of natural sunlight (Figure 7.1.6).

There are only active spaces in the existing situation. How-
ever, based on people flows and different activities in the
cafeteria, an organization of spaces in different gradients
of privacy and public spaces is performed. Private areas
are located far from people transit, next to the office and

ure 7.1.7).
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Figure 7.1.6: Lidl entrance refurbishment, with entrance area (pink col-
our), cash area (blue) and commercial area (brown).
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Figure 7.1.7: Active (red) and passive spaces (blue) in the Lidl entrance,
according to cafeteria customer flows (green).

The following activities could be performed within the

active spaces of the Lidl entrance, being able to boost in-
tegration, diversity, multifunctional and diversity values:

O 1- Big tables O 3- Children playground

On the other hand, the passive spaces and activities are:
O 5- (Big tables) 9- Kitchen area
6-Small tables 10- Bathrooms
7- Sofas

o f

o
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Figure 7.1.9: Spatial configuration of passive spaces and activities.

As already said, the new cafeteria area is comfortable and
flexible due to movable furniture, allowing to be adapted
and used as a working space, meeting area or eating and
resting space, depending on people demands. Moreover,
greenery is introduced in the form of simple pots or green

walls for purifying the air, improving indoor air quality,
well-being and presence of nature.

Finally, by profiting the introduction of several activities
and spaces in the new entrance, new openings in the fa-
cade could be introduced (operable doors). This will result
in more activity towards the interior of Lidl, being now
a permeable and welcoming facade, and enhancing the
interaction of people flows between Lidl facility and the
surroundings (interior-exterior) (Figure 7.1.11).
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Figure 7.1.11: Openings in the facade (red dash line), allowing exchang-
ing new people flows (orange) and visions (blue arrow) between interi-
or-exterior.

: Greenhouse:

There are two possible locations for the GH, being in the

end, the first residential building the most beneficial one:
-Direct and more comfortable connection with Lidl cafe-
teria customers, increasing participation and transit.
-Food waste (FW) movements between Lidl-GH are re-
duced due to closer distance from trucks loading area.
-Greater views due to higher building and central loca-
tion, being able to observe the square and Spangen.

In order to minimise the impact of the GH, the new con-
struction is aimed to be installed over the existing resi-
dential structure, being beams every 6 m approximately.

: L
Figure 7.1.13: Adaptation to the existing structure (orange) and simplifi-
cation geometry (green).

Aquaponics and field crops are orientated to South (N-S
axes) for obtaining greater solar gains for the production.
Taking advantage of strong winds from S-W, openings in
the West facade and East are placed for cross ventilation.

Figure 7.1.14: Orientation (sun and wind, without shadows).
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Private spaces are placed in areas with valueless views
and far from people flows, opposite of public spaces.

‘ ==l
Figure 7.1.15: People flows (purple), considering greenhouse entrance
(red), lift location (blue), valuable views (green arrow) and private area
(green shadow).

Most of the spaces in the GH are active in order to have
recreation, production areas and in general, lots of social
activities, so there are only a few relaxing activities, being
concentrated in the outdoor terrace and dining area.

Figure 7.1.16: Active (red) and passive spaces (blue) in the GH.

There is a limitation of around 12 m width, being closed
rooms concentrated towards one side of the facade and
benefiting from South orientation. The rest of the space is
used as a corridor and open dining space, benefiting from
North orientation and maximising views towards the
neighbourhood and square along the whole facade.

As said before, the GH is a facility for boosting satisfac-
tion, equity, integration and diversity through the offer
of several social activities, as well as providing local food
production and climate awareness through recyclability
of surplus and waste food. Therefore, the following active
spaces and activities, including food production, are:

1- Big tables + outdoor farm
8 3-Aquaponics NFT sys- 5-Workshops rooms
tem 6-Conference rooms
O 4-Livestock production 7-Kitchen

Figure 7.1.17: Spatial configuration of active spaces and activities.

On the other hand, the passive spaces and activities are:
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O 12- Bathrooms

15-Storage room

9-(Big tables)
10-Small tables

11- Sofas

Figure 7.1.19: Spatial configuration of passive spaces and activities.

Movable and partition walls allows spaces being adapted
to each requirement and privacy, increasing satisfaction
among all type of customers. As a low-tech measure and
substitution for blinds, flowerpots along the North facade
are placed, converting it in a greenery facade, improving

indoor air quality and providing individual farming.

The production components and spaces in the GH are:

-Hydroponics (NFT):

‘High profit consisting of
leafy plants, fruiting plants,
fruits and herbs.
-Year-round production.
Vertical stacking, until 5
times, leaving space under-
neath for mushroom pro-
duction.

-Filtering and wastewater
recirculation from the ag-
uaculture system.

-Pest repelling crops are
interplanted within com-
mercial crops, reducing
the need for pest control
measures.

-Aguaculture:

‘Waste water recirculation
and filtered in NFT.

-High production/m2
-Open field crops:
-Year-round production,
divided into 2 periods
(spring-summer and au-
tumn-winter).

‘Reuse of manure from
livestock.

-Livestock:

-Chickens (eggs and meat)
and rabbit (meat).
-Livestock manure collect-
ed as compost.

-Process FW.

-Exchange of excess C02

and heat with aquaponics
area.

-For several months of the
year, chickens have free
access to open field crops
to till the soil and control
pests.

-Mushrooms:

-Cultivation in unusable
spaces (Phase 1 in the ceil-
ing of the chicken room
and phase 2 underneath of
aquaponics, according to
climate conditions).
-Released of CO2, used in
aquaponics area.
-Year-round production
and high value.
-Vermicompost:

-Process FW, animal and
plant waste into valuable
compost (solid) and fish
supplement nutrients (lig-
uid).

-Extra worms serve as feed-
ing fish.

-Germination zone:

‘With higher temperatures
and early-stage growth
area.

-Use of coconut fibre rath-
er than Rockwool as a me-
dium, because it is renew-
able and can be reused as
mulch or composted.

6.3.5 FURTHER CONSIDERATIONS

In order to make the design proposal work, some pa-
rameters of the project need to be clarified so they are
described in general terms, for example regarding food
waste program, social activity program, economy and
budget, etc. These considerations are intended to be sug-
gestions for the feasibility of the project in case of future
implementation.

- Timetable:

-Square: Open. Possibility to organize outdoor activities
(depending on the organization of neighbourhood asso-
ciation) for bringing life and reducing criminality at night:
Open night cinema, yoga classes, 2nd hand market, etc.
-Lidl refurbishment: Commercial area remains open un-
til 22.00 whereas cafeteria can be open until 00.00 on
weekdays (and Sunday) and until 02.00 h on Fridays and
Saturdays, in order to provide night-life for young people
for example.

-Greenhouse (GH): It should be mention that the ser-
vices of the current social clubs are mainly intended
for the use of disadvantaged people, who account for
around 80 neighbours and spend an average of 5 hours
per day in social activities. Due to the private feeling
and reserved character of these particular citizens, the
timetable of the new GH can be split in two: a period for
local neighbours (mainly disadvantaged) and then a pe-
riod for the rest of the citizens (including disadvantaged,
local neighbours, visitors, students, children or the rest
of population).

- Reorganization of interior distribution:
-Lidl refurbishment and GH: Movable furniture could be
moved diary according to each person demand or else,
changed every week according to weekly surveys for ex-
ample.

- Employment:
In order to make effective the SDGs and create more im-
pact through actions, the following people would be de-
sired to be firstly hired:
-Woman
-People in disadvantaged condition (widow, reduced
mobility, blind, etc)
-Unemployed young people

- Food waste recovery program:

These are the following ideas for recovering easily FW and

providing it again to the customers:

-Lidl cafeteria:

-Free crisps, banana bread, etc made with food scraps
(peel of potato, fried stalk, ripe banana..) with every
consumed drink.
-3,5 Euro menu formed by: Soup + salad + juice. (Soup
and juice cooked with surplus and FW, salad with the
possibility to select the type of lettuce and 3 more

ingredients from a variety possibility: ham, cheese,
bread, fruit, raisins, etc).

-Greenhouse:
-Buffet offer cooked from mainly surplus and FW. Possi-
bility to pay by weight or fixed price for example.
-‘Veggie bitterballen and meatball stampot from mush-
rooms production, avoiding using meat.
‘Recovery FW possibilities: Homemade juices and
smoothies, jam, cakes, breadcrumb and bread pudding
from expired bread, fermented veggies, fruit compote,
dried veggies, sauces, etc.

- Social activity program:
Furniture and facilities for diverse activities are not
enough for ensuring the quality development of activities.
There is a need to involve administrative organizations or
neighbourhood associations in order to keep an active
role in the organization and coordination of the activities.
Moreover, they are likely to promote ongoing community
development, which is crucial for improving or achieving
social resilience.
-Square and GH: Run by the neighbourhood association.
For example, each week, people from a different country
could organize the cultural event, dinner event, cooking
dish workshops, etc from a specific country.
-Lidl: Social activities could be run by Lidl itself, providing
weekly changes. Moreover, pub crawl could be organ-
ized every 3 months with incentives for example, con-
sidering the bars on Spangen and including also Lidl caf-
eteria. This would result in the better connection among
the rest of citizens, an increase of drink consumption,
while enjoying together for example.

- Finance:

The proposal is thought to be mainly financed by Lidl com-

pany due to the first interested party, but several possibili-

ties can be discussed:
-Square: Due to the public character of the square, this
refurbishment could be supported and financed by the
local council, together with some private companies
(water recycling tanks).
-Lidl: Refurbishment financed by Lidl company. It could
be run by Lidl (desired option) or also hired to another
food business (with FW recovery program).
-Greenhouse: This could be firstly financed by Lidl but
owned and run by the neighbourhood association.
Food production and social activities are the sources of
income of this facility (food production sold to Lidl), in
which in several years, the association would be able to
pay back to Lidl investments. In the end and after sever-
al years, the neighbourhood association would be the
total owner of the greenhouse. PV installations and LSC
panels can be financed by private companies. Moreover,
wood furniture can come from the cooperation of local
business like Buurman.
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7.3 | CALCULATIONS

7.3.1 FOOD FLOWS

This chapter consists of calculations of the 3 essential
flows in order to support, validate and see the feasibility
of the proposal. The calculations are divided according to
the 3 interventions and measured through one year.

It should be mentioned that due to wide availability of
space, production of mushrooms, soap, vermicompost
and candles in the GH could be increased in future, de-
pending on local consumption, workshops or exporta-
tions to other areas.

-FOOD FLOWS:

- Neighbourhood:
-Purchased food:

Based on chapter 5.3 Data flows in the neighbourhood,
households buy around 864,000 Kg/y.

-Waste reduction:

Waste reduction at home is possible due to FW workshops
and teaching practices in the GH, which would have im-
pact on the consumption behaviour and buying practice,
reducing around 10% of FW (NNCF, 2019): 6,000 Kg/y.

-Waste collection:
Based on chapter 5.3 Data flows in the neighbourhood:
Food, valuable FW that can be upcycled is divided into
avoidable (A) and unavoidable waste (UN), coming from
the facilities in Spangen (without households and Lidl):
-(A): (38,190 Kg/y): Donation, cooking & recovery
-(UN): -Coffee ground (9,450 Kg/y): Mushrooms
-Fried oil (79,200 L/y): Candles & soap.

Avoidable waste can be sent to school and social club, be-
ing a food consumption for schools of around 20,000 Kg/y
(=0.5Kg intake/pupil/d*200 pupils*200 school days) and
for social club 6,040 Kg/y (=1 Kg intake/person/d*20 peo-
ple*302 open days) (RIVM, 2018). So over 26,000 Kg/y
FW could be recovered through direct donations. Una-
voidable waste is sent to the GH to produce new valuable
products and send it back to the commercial chain (sell).

-Lidl supermarket:

-Cooking recovery (Lidl entrance/GH):

Lidl cafeteria and GH can upcycle surplus food from dona-
tions from the neighborhood, serving low cost menus. The
project capacity is around 86 person/meal/d (38p Lidl+
48p GH), so similarly to social club participation (West-
ervolkshuis) of 20 people in need/meal/d and assuming
40 people extra, the total occupation can be around 60
p/meal/d (20 p Lidl + 40 p GH). Considering a consump-
tion of around 200 gr/meal (MHCSW, n.d.)=0.2*60p*3
meals*365=13,140 Kg/y FW can be reduced.

-Purchased food:
Due to lack of available information, an assumption of Lidl
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purchased food is the sum of household purchased food
(864,000 Kg/y) + Lidl surplus food (41,000 (Kg/y), result-

ingin 41,864 Kg/y.

: Greenhouse:

-Livestock products:

Ecological products and welfare of animals is aimed, so

open areas and wider spaces are needed (BOPV, 2016;

Garcia, Berrocal, et al., 2014), being the final result:
-Chickens: -Indoor: 6 ¢hickens/m2  —> 8.4 m2= 50 ¢hickens

-Outdoor: 4 ¢hickens/m2 —> 17.6 m2=70 ¢hickens
-Rabbits: Indoor: 0.4 m2/rabbit —> 4.6 m2=11= 8 rabbits
-Outdoor: 1.8 m2/rabbit —> 8.4 m2=5 rabbits

The same breed of chickens is used for producing eggs or
meat, being Leghorn commonly used in NL. Eggs are wide-
ly consumed whereas meat is being reduced, so more lay-
ing hens are desired, resulting in (BOPV, 2016):

-Laying hens: 30— (Organic eggs: 250/y) — 7,500 eggs/y
-Broiler chicken: 19— (45 days and 2.1 Kg) — 319 Kg/y
-Rooster: 1 — - - -

Laying hens loose productivity after 3 years, so they can
be consumed as meat. Organic rabbits need to weight
over 1,5 Kg and takes 3 months until harvesting (BOPV,
2016), being final benefits of 32 rabbits/y (=4 cycles*8
rabbits) or 48 Kg/y (=32*1.5) of rabbit meat.

-Livestock feeding requirement:
The benefit is that they help to reduce FW from the GH
and neighbourhood, digesting mostly everything (La mad-
riguera, 2015):
-Chickens: 100 gr/d/chicken*50*365/1000= 1,825 Kg FW/y.
-Rabbits: 100 gr/day/rabbit*8 rabbits*365/1000= 292 Kg FW/y

-Livestock manure:

Layer chickens can produce around 120 kg/day/1000 birds
and meat chickens: 80 Kg/day/1000 birds (FAO, 2009;
BOPV, 2016; Pet Poo Skidoo, n.d.), so the total manure of

livestock is around 2,073 Kg/y:
-L. hens: 0.12 Kg/day/chicken*30*365= 1,314 Kg/y
-B: chicken: 0.08 Kg/d/chicken*(19+rooster)*365= 584 Kg/y
-Rabbit: 0.06 Kg/day/rabbit*8*365=175.2 Kg/y

-Vermicompost:

Surplus FW from animal feeding is introduced in the 5 ver-
micomposting boxes (total area A=2.8 m2) and performed
3 times per year (1 cycle=120 days), introducing wider va-
riety of waste than for livestock feeding. The quantities
recommendations for vermicompost are (Vermican (n.d.):

-Vegetables:  1kg/m2 or - Fruit trees and trees: 1-3 kg
200gr/plant / tree depending size

- Seedbeds and substrates: - Rose and woody roses:
10-20% 500gr-1kg

- Flowers: 150-200gr/plant - Lawn: 500gr-1kg / m2

One worm can digest 50% of its weight (worm=w=1gr),
so: 0.5 gr FW/w/day. Moreover, the optimum population

is around 9-18 Kg w/m2 (1 kg=2,000 w) or 20,000 w/m2,
being able to digest 12 Kg FW/d/m2 (Vermican, n.d.). By
doing rule of thumb, 12,000 Kg FW/y can be digested:

- Optimum population: Considering 20,000 worms/m2 and
A=2.8 m2, 56,000 worms/cycle (28 Kg worm/cycle) are intro-
duced (28*3 cycle=84 Kg worm/y).

- Digestion: 12 Kg FW/day/m2 and A=2.8 m2: 33.6 Kg FW/day
(33.6*120 days*3 cycles= around 12,000 Kg FW/y is reduced).
- New fertilizer: 0.5 Kg worms produce 0.25 Kg compost/day,
so 28 Kg will produce 14 Kg/day (1,680 Kg/cycle=5,000 Kg/y).
- Extra worms: 2 kg extra worms/4 months in 1000 kg of ferti-
lizer, so 3.36 Kg worms/cycle (3.36*3 cycle= 10 kg worms/y).

-Summary of livestock & vermicompost:
Vermicompost g Fertilizer (5,000 Kg/y)
(84 Kg worm/y) Extra worms (10 Kg/y)

Chicken meat (319 Kg/Y)
Chicken feed %50 chickens— << Eggs (7,500 eges/y)

(FW:1,825 Kg/y) 8.4 m2
T Rabbit meat (48 Kg/y)
> Rabbit feed N 8 rabbits —>
(FW: 292 kg/y) 4.6m2 —>  Manure (2,073 Kg/y)

Figure 7.3.1.1: Food cycle summary of livestock and vermicompost in the
GH.

-Mushrooms:
According to chapter 5.3 Data flows in the neighbourhood:
food, 9.460 Kg/y (28.5 Kg/day) of coffee grounds can be
collected in the Southern part of Spangen. Bags of 5L (3 kg
fresh coffee grounds, 600 gr pasteurised straw, 300 gr of
mushroom spawn) are placed in the GH, in which growing
phase is divided in 2 depending on the temperature, sun
rays and other conditions (Ten Berge, 2017):

- Phase 1 (growth): Room 20-25 degrees, 3 weeks, darkness.

- Phase 2 (fruiting): Room 15-20 degrees, 3 weeks, indirect

lighting. (2d harvest: 2 weeks more, 3rd harvest: 2 weeks).

Phase 1 is done in the chicken room due to the optimum
conditions, hanging around 100 bags (0.1*0.1*0.5 m=5L)
from the ceiling and covering by black layer. Later, bags
are moved to the underneath space of the aquaponics,
profiting the temperatures and indirect sunlight. 100 bags
fitin 1.5 NFT unit, but 2 NFT units are preferred and used
for a total fruiting period of 7 weeks (3 harvest cycles/y).

Phase 1 Phase 2
bags
‘ oW @ Rl S
3 weeks Space 3 weeks 4 weeks Space bags
100 bags

Figure 7.3.1.2: Growing phases and location of Mushrooms bags for a
total cycle (phase 1+phase2).

Due to high amount of NFT and space, phase 1 can be
done continuously so the production is not interrupted,
being a total placement of 1,700 bags/y. However, phase
2 is the focus, so considering the production of an existing
company of 27 Kg/d of mushrooms with 128 Kg coffee/d
(Ten Berge, 2017), the total harvest in the GH by the rule
of thumb could be 2,848 Kg/v (4,500 bags/y):

- 52/3 week average=17 cycles/y and 45 harvesting times
-Phase 1: 100 bags*17 cycles=1,700 bags/y

- Phase 2: 100*45 harvestings/y=4,500 bags/y

- 1 bag= 3 Kg coffee, so 4,500 bags/y*3= 13,500 Kg/y coffee
can be reduced (around 37 Kg/d).

-128 kg/d coffee=27 kg/d mushrooms, so 37 Kg/d= 7.8 Kg/d
mushrooms (2,848 Kg /y)

-Fried oil:

Fried oil is a valuable source for making homemade, nat-
ural soap, and with less harmful particles Around 1 L of
oil can produce 1.5 Kg of natural soap every 3 months
(Gessinger, 2006) by using: 1 L fried oil, 0.4 L water, 130 gr
soda and essence. Assuming a feasible production of 150
Kg soap/3months (100 L oil), the total production could
be 600 Kg soap/y (400 L/y oil). On the other hand, can-
dles are also easy to make, being necessary for one can-
dle jar/day: 100 ml oil, 3 spoons of wax, essence and cord
(The greatest candle, n.d.). By assuming a production of
150 units/day (15 L/day oil), the total production could be
54,750 candles/y (reduction of 5,475 L/y oil). Due to un-
limited space, the production of candles and soap could
be increased if needed.

-Open field crops:

Considering distances between crops, available land area,
diversity goal or season and cycles (Masley, n.d), the total
crop production is 2,826 Kg/y or around 930 units/y:

N2 of T N2 of Average
beds . cycles/ distance

Total Ave Total Avera
N2 of number rage fruits ge
crops crops [y fruit /
/bed (crops* [cro seaso weigh
n months  line) cycle) ] n t

mont width*lo
cycles m

Average

Name sting distance Available
Season N / .~ season between .
specie perio - bewtee soil
seaso (6 crops (in "

ng (m*m)

Spring/ | Tomato
summer [Cucumber|
(6 beds) |Zucchini
Autumn /| Carrot
winter (6| Onion
beds) Leek

0.4 15 1.8*0.8 4 24 13 | 312 | 4.5 | 1404
0.7 0.7 1.8*0.8 3 12 16| 192 | 3.5 | 672
1.8*0.8 | 66 132 1 (13201 |132
0.1 0.4 1.8*0.8 | 34 68 1[68 | 01]68
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Table 7.3.1.1: Summary annual production for open field crops.

Fertilizer requirement for crops is around 0.017 Kg/m2
soil, s0 0.15 Kg/y is needed (S¢hroeder, Aarts, et al., 2007).

-Summary of mushrooms, oil and field crops:

GH
, Coffee N Mushrooms N oveter (2,848 Kg/
L , y)
_§ 5 grounds (4,500 bags/y) . ¢
% 2 (13|;5‘OS| K'gl/y) P Soap (600 Kg/y)
2 necol - oil N\ candles (54,750 units/y)
(5,875 LYy) '
o Tomato
Fertilizer Open field crops
- —>  Cucumber
0.15 K
( &) SEm2 Zucchini (2,826 Kg/y)
Carrot
Onion
Leek

Figure 7.3.1.3: Summary cycle in the GH: mushrooms, fried oil and open
field crops.

-Aquaponics NFT:

The fish tank is around 4,410 L when applying the rule of
thumb from book “Aquaculture Production Systems” (see
next 3 pages). Considering the optimum fish density of 15
Kg/1000 L (FAO, 2014), 66 Kg fish (110 units fish =66/0.6
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7.3.2 WATER FLOWS

Kg unit fish) are in the tank, being the annual production:
-Nile Tilapia: 600 gr every 6 months, so 70 fish*2 cycles/y =140
fish (84 Kg/vy)

-Common carp: 600 gr every 10 months, so 40 fish*1 cycle/y=

40 fish (24 Kg/y).

Considering space area, yields or harvesting period, the
final crop production is 6,850 Kg/y (Fernandez, 2003):

Averag Avera Avera

LELTS Avera
erows ge N ge Total Total
sting Cycles ge Total . . .
fruit weight weight

- frait | fru
(in e period /year fruit fruits/y weight  fy /i

height) unit ferop e [crop

Name

Type of NFT crop/

specie

ne

S

° n2 Kg  Kegly Kgly
8,400 | 0.4 | 3360
4200 | 03 | 1260
4,900 | 0.11 | 539
2,800 | 0.25 | 700
126,000] 36-04 | 35.3 | 353

Lettuce

Leafy green

Swiss chard
plants

2

1

Bok choy | 2

Fruity plants| Broccoli 2
1

1

1

1

5,859

N

Fruits Strawberry

afnln|ufun|ua|n|n|un
~
S}
N
o
©
B
S

Basil 70 40 9 1 0.07 | 220.5

Herbs Mint 70 30 12 1 0.07 | 294 955.5
Oregano 70 60 6 1 - 0.07 | 147
Dill 1 70 30 12 1 - 0.07 | 294

Total 12 - 630 146,300 6,850 6,850

Table 7.3.1.2: Summary annual production of NFT quaponics (plants).

-Facade greenery pots:

Pots could be owned by neighbours as a mini communi-
ty garden, resulting in a general benefit of 120 Kg/y (=8
crop/pot*2 cycles*25 pots*3 rows height*average 0.1 Kg)
if for example onion wa considered (check Table 7.3.1.1).

- WATER FLOWS:

Similarly to food flows, the water consumption is divided
according to the 3 interventions. The water storage tanks
and biofilters are over-dimensioned in case of additional
water supply is desired in future.

- Square:
-Rainwater collection:

Rainwater coming from GH roof, square pavement, resi-
dential roof and others is collected in a common under-
ground water buffer tank situated in the square (Figure
7.3.2.1), accounting for a total of 1,473 m3/y= 1,473,000
L/y) (Azagra Paredes, 2006; (Meteoblue, n.d.):

annual collecting sur-  runoff
S X X ..
Total water precipitation = face (m2) ratio
collection _ (mm/y)
(m3/y) 1000

Equation 7.3.2.1: Rainwater collection.

Spangen  Collecti Total
. pang ! Runoff Description runoff
Location ELLUE] ng X . water
A ratio ratio .
precipitation surface collection
(mm/y) (m2) o = (m3/y)
Square 782 828 0.3 Greenery, park 194.2
Residential 782 580 | 0.7 | Concreteroof | 317.5
building
Like concrete roof
GH roof 782 465 0.7 R 254.5
(impermeable)
Rest of roofs 782 1,304 0.7 Concrete roof 713.8
Total 782 3,177 - - 1,473

Table 7.3.2.1: Annual rainwater collection in each location of the project.
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Figure 7.3.2.1: Rainwater collection surfaces and underground water
tanks. ON

Considering the total monthly rainwater collection and a
limitation of 2m depth, the underground rainwater tank
dimensions should be over 200 m3 of capacity, designing
in the end 16x18.5x2 m of capacity (592,000 L/month)
and allowing to store rainfall for 5 months (Figure 7.3.2.1).

-Rainwater purification:
Based on Urban Waterbuffer project in the Northern part,

purification and reuse of water is aimed in the South.

€ HARVEST

TN 00 m3)
<_,1’.’—‘

¥

@) STORE INAGUIFER @ 7Treat (90 m3)

Figure 7.3.2.2: Urban Waterbuffer project in Spangen (Northern part).

According to the project, from a rainwater collection of
30,000 m3/y, around 15,700 m3/y of purified water is ob-
tained (KWR, 2019), due to evaporation and other factors.
Similarly and by doing the rule of thumb, the final purified
water in the thesis could be 770.9 m3/y=770,900 L/y. On
the other hand, based on water storage capacity of 1400
m3 and treatment area of 90 m3 (Figure 7.3.2.2) in the
Urban Waterbuffer, the proposed phytoremediation area
should be above 38 m3, by applying the rule of thumb.
However, for leisure and aesthetics reasons, this phytore-
mediation area is over dimensioned: 52 m3 (8x6.5x1m).

-Irrigation demand:

Based on water demand in chapter 5.3 Data flows in the
neighbourhood, the irrigation requirement for the square
is 3.5 L/m2/day: 438,700 L/y (=3.5*343.4 m2 green-
ery*365 days). Due to water collection limitation, irriga-
tion for the rest of greenery in Spangen is not considered.

-Fountain recreation demand:
Based on Urban Waterbuffer project, the existing fountain
has a water velocity of 1.5 m3/h. Assuming that the foun-

tain can work around 2 hours/day during 6 months, the
annual water consumption would be 547,500 L/y. How-
ever, this amount will not affect to water demand figures
due to the fact that this water goes back to the biofilter.

-Total summary:

Water collection, filtration and storage is concentrated in
the square, being the water later sent to the rest of the
spaces of the project for its responsible consumption.

NEIGHBOURHOOD -
X N - Irrigation (438,700 L/y)
Rainwater ~—> (Square & ;))ubllc < [ ————
PEe (547,500 L/y)

N Water buffer tank (592 m3; 1,473,000 L/y)

Phytoremediation

\
| paps (52 m3)
| Aquifer storage
] N4
Lidl & GH Purified water (770,900 L/y)
A0 ]

Figure 7.3.2.3: Water cycle summary in the square in front of Lidl.

- Lidl supermarket:

-Kitchen:

Based on water demand in chapter 5.4 Data flows in the
supermarket, the water requirement for kitchen purposes
is 12.7 L/d/employee, resulting in 8,992 L/y (2 employees
and 11 holidays throughout the year: 354 days). Due to
lack of greywater information in supermarkets, the same
figure is considered for water demand and greywater.

-Bathroom:

Water consumption of toilets is not calculated due to the
high demand per year. But greywater from bathroom'’s
sinks is reused and sent to the storage tank and halophyte
plants located in the square.

-Facade greenery pots:
Similarly to the green park of the square, the final con-
sumption is 3,610 L/y (=1 L/m2/d*0.66m2*15pots*365).

- Greenhouse:

-Kitchen:

Based on chapter 5.3 Data flows in the neighbourhood,
the total water requirement for an average restaurant is
880 L/day/employee, resulting in 1,246,080 L/y (4 em-
ployees and 11 holidays throughout the year: 354 days).
A percentage of 31% for water bathroom demand can be
assumed (EPA, 2019), resulting in around 386,285 L/y.
Considering 52% for the kitchen (Figure 7.3.2.5), final wa-
ter consumption is around_ 647,960 L/y.

B Kitchen/Dishwashing

B Landscaping

. Cooling and Heating

B Domestic/Restroom

; B Other

Figure 7.3.2.5: End uses of water in restaurants (Source: EPA, 2019).

Greywater from Lidl (8,992 L/y) and GH (647,960 L/y)

is stored in a buffer tank (Figure 7.3.1.1), resulting
around 476,950 L/y (=476.95 m3/y) and 40.4 m3/month
(=476.95/354*30days). The storage should be over 80
m3, but it is over dimensioned: 187 m3 (11x8.5x2 m), be-
ing able to store greywater for 4.5 months.

-Total greywater purification:

Based on the treatment capacity of the Urban Waterbuff-
er (15,700 m3/y cleaned out of 30,000 m3/y) and by do-
ing the rule of thumb, the final purified water is around
250,000 L/y. Similarly, considering the capacity of the
Urban Waterbuffer (90 m3 for treatment area and 1400
m3 for storage), the proposed halophyte area should be
above 18 m3. However, for leisure and aesthetics reasons,
this halophyte is over dimensioned: 52 m3 (8x6.5x1m).
Purified water storage is calculated in the same way, being
85 m3 (5x8.5x2 m) of capacity (around 4 months).

-Total greywater summary:
Greywater comes from the bathroom sinks and kitchens
of Lidl and GH, being the collection, filtration and storage
concentrated in the square.

Bathrooms WC

Clean water -
(386,285 L/y) Sink —————
\I/ Cleaning
GH Kitchen
; (1,246,080 L/y)
Kitchen . > Greywater 647,960+ 8,992=
Bathr%)m sink 476,950 L/y)
1 Water buffer tank (187 m3)
LIDL (entrance
area) g Halophyte plants (52 m3)
? 3
i a Purified water (85 m3)
! storage
v
wc LGREEEERE Purified water (250,000 L/y)

Figure 7.3.2.6: Greywater cycle summary in the GH, with Lidl entrance.

-Livestock:
Livestock water consumption depends on the weight, cli-
mate conditions or maturity of the animals, but in general
terms (Tabler, 2003; PET MD (2010):

-Chickens: 0.3-0.5 L/day/chicken

-Rabbits: 0.5 L/day/rabbit or 50-150 mL/day/kg body.
Therefore, considering the worse situation:

-Chickens: 50 chickens*0.5 L/day/chicken*365 days= 9,125 L/y

-Rabbits: 8 rabbits* 0.5 L/day/rabbit*365= 1,460 L/y

-Mushrooms & soap:
Mushrooms need to be sprayed with water so assuming
in the worse scenario that every bag needs around 4 L
during its period of 10 months (around 1 year) (Ten Berge,
2017), the total water demand would be 18,000 L/y:
- 52/3 week average=17 cy- - Phase 2: 100*45 harvest-
cles/y ings/y=4,500 bags/y
-Phase 1: 100 bags*17 cy- -4,500*41=18,000 L/y
cles=1,700 bags/y
Regarding soap, 0.4 L of water is needed for producing 1.5
Kg soap/3 weeks. If the total soap production is 600 kg/y,
the total water demand is 160 L/y .
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7.3.3 AIR FLOWS

-Open field crops:
Open field crops need water for transpiration and evap-
oration (evapotranspiration), expressed usually in mm/
day, mm/month or mm/season. Water demand of a crop
(ET crop) depends on several factors, being the formula
for a complete cycle (FAO, n.d.):

-ET crop = ETo * Kc (crop factor)

-ETo (mm/day)= K pan * E pan
Ecuation 7.3.2.2: Calculation for water demand of a crop (ET crop)
(Source: FAQ, n.d.).
After several calculations performed on the website of
FAO, the final water demand of tomato is: 786 mm/crop
cycle. However, there is a summarized table of all crops,
where mm/crop cycle of each crop is (FAO, n.d.):

-Autumn/winter season:
-Carrot: 400-500

-Spring/summer season:
-Tomato: 400-800 (786)
-Cucumber: 200-600 :Onion: 350-550
-Zucchini: 400 -Leek: 370-400

In order to simplify calculations, the following water de-
mand (mm/crop cycle) is chosen for each crop:

-Spring/summer season: -Autumn/winter season:

‘-Tomato: 750 -Carrot: 400
-Cucumber: 400 -Onion: 400
-Zucchini: 400 -Leek: 400

The final water consumption in open field crops is around
10,240 L/y, by applying this equation:

Crop water area coverage per-
Crop water consumption planta- X centage (90)
demand (L/ _ (mm/crop) tion (m2)
cycle) - 100

Equation 7.3.2.3: Water demand per crop/cycle (L) (Source: (Coquimbo
Regional government, 2000).

Harvest N2 of Are
Name N2 of . Crop water Total water
Season N ing  cycles/s N -
specie beds consuption " consuption

period eason

2  months cycles mm/crop/cycle m2

N Tomato 2 5 1 750 1.44 1,944
Spring /
Cucumber] 2 2 3 400 1.44 3,110
summer —
Zucchini 2 3 2 400 1.44 2,074
Carrot 2 4 1 400 1.44 1,037
Autumn —
R Onion 2 5 1 400 1.44 1,037
/ winter
Leek 2 5 1 400 1.44 1,037

Table 7.3.2.3: Water consumption of open field crops.

-Summary: Rabbits
. (1,460 L/y)
Storage, .t:oﬁlter, ——>  Purified water —> Chickens
aquifer
(770,900 Lfy) T Mshroas

[C]
(18,000 L/y)
Square &——Other roofs T e

D D (10,240 L/y)

5 Soaps
Rainwater (160 L/y)
Figure 7.3.2.7: Water cycle in the GH: livestock, mushrooms, soap & open
field crops.
-Aquaponics NFT:
According to the book “Aquaculture Production Systems”,
fish tank should be: 1m3 fish tank/2 m3 hydroponics,
therefore by applying the rule of thumb (Tidwell, 2012):
‘NFT tube= 0,34 m2*0.08 m=0.0272 m3 - X5
NFT unit=5 tubes= 5*0.0272=0.136 m3
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-12 NFTs= 0.136%12*5 rows= 8.16 m3 (102 m2) —> E x12

-2 m3 plants: 1 m3 tank->8.16 m3: >4 m3 tanks
Due to available space, final dimension is 4.41 m3/tanks
or 4,410 L/tanks (area=pi*r%; 3.14*0.62*3 tanks, 1.3 m
height). However, water consumption is higher, being
necessary 100 m3 water/Kg fish (Tidwell, 2012), so 6,600
L/y when there is a production of 66 Kg fish/y). Also, ger-
mination area consumes 30 mm/seed/2week (FAO, n.d.),
so by considering Equation 7.3.2.3, the total water con-
sumption is: 0.03m*0.84 m2*6 beds*26 cycle= 3,930 L/y.

Trans-

" N
geGermmatloné s ————> (Aquaponics)

g Nursery

(3,930 L/y) Purified water 85
\” Plants _ 5 &
ants
W/a]ser ——>  Water 102m2 > =
1
Purified L hd
water : Water Fish
~-> (6,600L/y) 4.4m3 —|
Square

Figure 7.3.2.8: Water cycle of aquaponics NFT in the GH.

-Facade greenery pots:

Similarly to open field crops, facade pots would need
13,500 L/y (=400 mm/crop/cycle*0.25 m2*25 pots*3
row*average 2 cycles*90%).

- AIR FLOWS:

The introduction of greenery, in indoor but mostly out-
door areas of the proposal, is beneficial due to absorption
of air polluting substances (CO2, NOx, SO2), particulate
matter (PMXx), reduction of UHI, improve aesthetic values
and reduce global warming trends, to name a few. Due
to its complex composition, the main focus is on CO2 se-
questration and 02 production within boundaries of the
proposal and leaving other greenery areas around Span-
gen. When data cannot be founded and there are no sim-
ilarities between species, calculations are not performed.

: Square:
-People:
A person needs an average of 179 Kg 02/p/y (Mcpherson,
2005), so considering an average daily occupancy of 50
persons in the square, a total of 8,950 Kg 02/y is needed.
Each person expires around 450 mL CO2/minute, which
means a final of 400 mL/min. Each gram of C02 occupy a
volume around 556 ml, so by doing rule of thumb, a final
of 0.72 gr/min is released (Alvy, 2007):
-0.72 gr/min*60 min*24h= 1036.8 gr/day/person
-1036.8*365 d/1000=378.4 Kg/p/y= 0.378 tons/p/y
-378.4 * 50 persons=18,920 Kg/y
In the end, around 1035 gr CO2/day/person and 18,920
Kg CO2/y can be released. According to another source,
around 950-1200 gr of CO2/day/person (El periddico,
2009) can be released, being the previous value (1037 gr/
day/person) valid for these calculations.

-Trees:

An average size tree produces an average of 18 Kg 02/y/
tree and has a carbon sequestration rate of 3.4-5.9 Kg/y/
tree (Nowak et al., 2007; Lal & Augustin, 2012). Based on
Table 6.3.2.4, 4 specific types of tree are selected, account-
ing for a total of 21 deciduous trees and resulting in 378
Kg 02/y (=18 Kg 02/y/tree *21 trees) and 424 Kg CO2/y
(=5.5 rate*21 trees*3.67 conversion C to CO2).However, a
more rigorous CO2 calculation is performed by the “Amer-
ican method for carbon sequestration”, resulting in 370
Kg/y CO2 (similar to the previous result of 424 Kg/y and
validating it) (U.S. Department of Energy, 1998):

N2 of

Assumpt N2 of . Total Total
Tree Name Growth Survival o .
) ionof  trees survivin sequestrati  carbon carbon
type specie rate factor
tree age planted g trees onrate sequestred sequestred
Slow,
modera n2 n2 - n2 Pound/tree Pounds/y Kg/y

te, fast

Annual

Fraxinus
excelsior
Fagus
sylvatica
Prunus

F 10 11 0.589 | 6.479 19.3 125.0 56.7

Decid
uous

S 10 2 0.568 | 1.136 5.5 6.2 2.8

) F 10 4 0.589 | 2.356 19.3 45.5 20.6
avium

Tilia spp

Table 7.3.3.1: Carbon sequestration calculation of planted trees in the
square (Source based on: U.S. Department of Energy, 1998).

-Shrubs and grass:

Shrubs have a carbon sequestration of 0.07-0.23 Kg/y/
shrub and grass 25-204 g/m2/y (Lal & Augustin, 2012),
resulting 14.3 Kg/y CO2 for shrubs (=average 0.15 Kg/y/
shrubs*26 average shrubs*3.67 conversion) and 225.4
Kg/y CO2 for grass (=av. 0.114 Kg/m2/y*538.8 m2*3.67).

/ o C o o o o c
| )/ o o o

I e T A o

Figure 7.3.3.1: Grass (blue colour) and shrubs (green) in the square. O N

-Phytoremediation & halophyte plants:

Both plants are assumed to be the same for simplifying
calculations, so considering phytoremediation plants have
carbon sequestration of 1.1 Mg/ha/y (Chandra & Singh,
2020), a total sequestration of 41.8 CO2/y is found:

-1 ha=10,000 m2 - 011  Kg/m2/y*52
- A=52 m2 m2*3.67=20.9 Kg CO2/y

- 1.1 Mg/ha/y=1,100/ha/ -20.9*2 Dbiofilters= 41.8
y=0.11 Kg/m2 /y COo2/y

Assuming biofilter plants as green walls (next paragraph),
89 Kg 02/y for both plants (=1.712 Kg/m2%*52) is found.

- Lidl supermarket:

-People:

Based on the diary occupancy of around 20 people and
previous calculations the total 02 needed would be:

-Average 179 Kg 02/y*20 people=3,580 Kg 02/y
On the other hand, the CO2 released is:
-1036.8*365 d/1000=378.4 Kg/p/y= 0.378 tons/p/y

-378.4 * 20 persons=7,570 Kg CO2/y

-Movable green walls & facade greenery pots:
Based on living walls, the results can be (Ottelé, 2011):
‘Movable furniture: 2.15%0.3*1 m (A=2.15 m2)

-CO2 absorption: 2.351 Kg/m2*2.15*5 units=25.3 Kg/y
-02 production: 1.712 Kg/m2*2.15*5 units=18.4 Kg/y
Similarly, facade pots can result in 23.3 Kg CO2/y (=2.351

*0.66 m2*15 units) and 17 Kg 02/y (=1.712*0.66*15).

:Greenhouse:
-People:
Based on the diary occupancy of around 40 people and
previous calculations, the total 02 needed would be:
-Average 179 Kg 02/y*40 people=7,160 Kg 02/y
On the other hand, the CO2 released is:
-1036.8*365 d/1000=378.4 Kg/p/y= 0.378 tons/p/y

-378.4 * 40 persons=15,136 Kg CO2/y

-Open crop field:

Similarly to green walls, an assumption of 20.3 Kg CO2/y
(=2.351 Kg/m2*1.44 m2*6 beds) is absorbed and 14.8 Kg
02/y (=1.712 Kg/m2*1.44 m2*6 beds) can be released.

-Aquaponics NFT:

Green walls are considered due to lack of data, resulting in
222.2 CO2/y (=2.351 Kg/m2*0.0225 m2 surface plant*14
plants*5 rows*12 NFT units*5 rows in height) and 161.8
Kg 02/y (=1.712 Kg/m2*0.0225 m2 surface plant*14
plants*5 rows*12 NFT units*5 rows in height).

-Facade greenery pots:

Considering pots as living walls, the final results can be 44
Kg CO2/y (2.351 Kg/m2*0.25 m2*75 units) and 32.1 Kg
02/y (1.712 Kg/m2*0.25 m2*75 units).

-Livestock:
Although this is not greenery, it is calculated for verifying
the possible exchange of C02-02 between animals and
plants, assuming 50% of CO2 for 02 due to lack of data:
-94.6*50 chickens/2=4,730 CO2 Kg/y/2=2365 Kg 02/y
-94.6*8 rabbits/2=756.8 CO2 Kg/y/2=378.4 Kg 02/y
Dog’s CO2 rate is considered due to lack of data of chicken
and rabbits. The volume leaving the dog’s lungs is around
200 ml/minute (Norkus, 2019), so considering that each
gram of C02 occupy a volume of 556 ml (Alvy, 2007), the
result is 0.36 gr/min. At least 1/2 is the dimension of live-
stock compared to dogs, so 0.36/2=0.18 gr/min:

-0.18gr/min*60min*24h= 259.2 gr/d/animal
-259.2*365 days/1000= 94.6 Kg/animal/y

-94.6*50 chickens=4,730 CO2 Kg/y
-94.6*8 rabbits=756.8 CO2 Kg/y

1391



7.4 | DIAGRAM OF FLOWS

7.4.1 FOOD FLOWS
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7.4.2 WATER FLOWS
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7.4.3 AIR FLOWS
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7.5 | BENEFITS

7.5.1 COMPARISON BETWEEN ORIGINAL VS PROPOSAL

A brief comparison between original state and proposal is
aimed within this chapter, considering at the same time
the three flows: Food, water and air.

Table 7.5.1.1 represents the benefits (green arrow), dis-
advantages (red) and equal state (orange) of the new pro-
posal compared to the original situation.

Flows

Description

Original situation

Proposal situation

FOOD

WATER

| 146

-HOUSEHOLDS:
-Avoidable FW

-RESTAURANTS
+SCHOOL+BARS+
SUPERMARKETS:

-Avoidable FW

-Unavoidable FW:
-Coffee grounds
-Fried oil

-LIDL:

-Purc¢hased food

-Avoidable FW
-Donations
-Anaerobic digestion

-HOUSEHOLDS:
‘Water consumption

-SQUARE & PUBLIC
SPACE:

‘Water collection
‘Water consumption

-LIDL:
‘Water consumption
‘Water reuse

-HOUSEHOLDS:
-Avoidable FW: 63,390 Kg/y

-RESTAURANTS+SCHOOL+BARS+ SU-
PERMARKETS:

-Avoidable FW: 38,190 Kg/y
‘Unavoidable FW:
-Coffee grounds: 9,460 Kg/y
-Fried oil: 79,200 L/y

-LIDL:

-Purc¢hased food: 904,800 Kg/y

-Avoidable FW: 40,900 Kg/y
-Donations (4.4%)= 1,800 Kg/y
-Anaerobic digestion (95.6%)= 39,100
Ke/y

-HOUSEHOLDS:
‘Water consumption: 63,390 Kg/y

-SQUARE & PUBLIC SPACE:
‘Water collection: None
‘Water consumption: 367,600 L/y

-LIDL:

‘Water consumption: 10,640,000 L/y
‘Water reuse: None

-HOUSEHOLDS:

-Avoidable FW: Around 10% of possible reduction through work-
shops, teaching and ¢hange of behaviour (NNCF, 2019):

& >6,000 Kg/y

-RESTAURANTS+SCHOOL+BARS+ SUPERMARKETS:

-Avoidable FW: Donation to s¢hool & social club: + 26,000 Kg/y

-Unavoidable FW:

-Coffee grounds: Production of mushrooms: & 13,500 Kg/y
-Fried oil: Production of candles & soap: < 5,875 L/y

-LIDL:

-Purc¢hased food: <+ 13,570 Kg/y
-Avoidable FW: w 27,260Kgly ¢
-Donations (4.4%): ¢
-Anaerobic digestion (95.6%): <

-GREENHOUSE:
Reduction of FW:

-Livestock feed: 42,117 Kg/y
~Vermicompo&: + 12,000 Kg/y
-Cooking recovery in GH/Lidl:  {, 13,140 Kg/y

*Production:

Flows Description

Original situation

Proposal situation

-SQUARE & PUBLIC
SPACE:

-02 demand

-CO2 produced

-LIDL:
-02 demand
-CO2 produced

AIR

-SQUARE & PUBLIC SPACE:

-02 demand: 8,950 kg/y
-CO2 produced: 18,920 Kg/y

-LIDL:
02 demand:
:CO2 produced:

-SQUARE & PUBLIC SPACE:

02 demand: 4

02 production:
-Biofilters: “* 178 Kg/y
-Trees: 4378 Kgly
-Shrubs:  “225.4 Kg/y
-Lawn: -

-LIDL (entrance):

02 demand: 3,580 Kg/y

02 produced:
-Facade pots: 4 17 Kg/y
-Movable green walls: ¢ 18.4 Kg/y

-GREENHOUSE:

‘02 demand: <
-Fish: 4
-Chickens: 4 2,365 Kg/y
-Rabbits: 4 378.4 Kg/y
-Mushrooms:
-Vermicompost:
-People: 47,160 Kg/y

02 produced:
-Germination zone: 4
-Aquaponics plants: “* 161.8 Kg/y
-Outdoor farm: 4 14.8 Kg/y
-Facade green pots: 4321 Kg/y

-CO2 produced: ¢ )

-CO2 sequestrated:
-Biofilters: 4 41.8 Kg/y
-Trees:  “ 370Kg/y
-Shrubs: 4 14.3 Kg/y
-Lawn: 4 225.4Kgly

-CO2 produced: 7,570 Kg/y

-CO2 sequestrated:
-Facade pots: 4 23.3 Kg/y
-Movable green walls: 4 25.3 Kg/y

:CO2 produced:
-Fish: 4
-Chickens: 4 4,730 Kg/y
-Rabbits: 4 756.8 Kg/y
-Mushrooms:
-Vermicompost:

-People: 4 15,130 Kg/y

%

-CO2 sequestrated:
-Germination zone: 4
-Aquaponics plants: 4 222.2 Kg/y
-Outdoor farm: “*20.3 Kg/y
-Facade green potsﬁ 44 Kgly

-Vegetables: “* 9,761.5 Kg/y
-Mushrooms: “* 2,848 Kg/y
~Fruits: 4 35.3Kgly
~Fish: 4 108 Kg/y
-Meat: “ 367 Kgly

-Eggs: “ 7,500 eggs/y=450 Kg/y
“4 54,750 units/y= 5,475 kg/y

-Candles:
-Soap: “4 600 Kg/y
-Manure: 4 2,073 Kg/y
-Fertilizer: “4 5,000 Kg/y
-Extra worms: 4 10 Kg/y

-HOUSEHOLDS:

32,790 K;

‘Water consumption: An estimation of 8% possible reduction
through workshops, teaching and ¢hange of behaviour (Viewin,

2017): < 5,000 L/y.

-SQUARE & PUBLIC SPACE:

-Water collection: Phytorremediation: “* 770,900 Lly ————

‘Water consumption: ¢ p
-New square: “ 438,700 L/y

-LIDL:

-Water consumption: 4 )
-Facade pots: 4 3,610 L/y
-Water reuse:

-Halophyte for greywater: 4 250,000 L/y

-GREENHOUSE:
‘Water consumption:

-Aquaponics NFT: 6,600 L/y
-Germination zone: 3,930 L/y
-Open farm: 10,240 Ly
-Livestock: 10,585 L/y
-Mushrooms: 18,000 L/y
-Facade pots: 13,500 L/y
-Soap: 160 L/y
-New bathrooms:

4 1,695,300 Ly <—

-New kit¢hen:

1,246,080 L/y
386,285 L/y

Table 7.5.1.1: Beneftis comparison between original situation and proposal one.

-Food flows:

‘Food demand/production:
-Original food purchased of Lidl: 904,800 Kg/y
-Proposal food production: 32,790 Kg/y
-New food purchased of Lidl: 13,570 Kg/y
-New valuable production: candles, soap and fertilizer.
-Food production: Food supply of 1,5 % for Lidl.

‘Food waste reduction:
‘FW reduction in households: 10% through awareness les-
sons and workshops in the GH.
‘FW reduction (from Lidl+neighbourhood) through Lidl
and GH interventions: 70%:
-Original FW: 38,190+40,900= 79,000 Kg/y FW
-Final reduction FW: 26,000+1,800+2,117+12,000+13,1
40= 55,000 Kg/y FW reduction
-Coffee grounds reduction (from restaurants and cafete-
rias): 100%, being possible to take more coffee grounds
from the Northern part of Spangen.
-Original coffee ground waste: 9,460 Kg/y
-Final coffee ground reduction: 13,500 Kg/y
-Fried oil reduction (from restaurants): 7.5 %
-Original fried oil: 79,200 L/y
-Final oil reduction: 5,875 L/y

-Water flows:

‘Water collection:
-Available purified rainwater: 770,900 L/y
-Available purified greywater: 250,000 L/y

‘Water consumption:
‘Water reduction in households: 8% through awareness
lessons and workshops in the GH.
-Rainwater consumption: 65% is consumed by the new
interventions (without considering kitchens and bath-
rooms), so there is still 35% than can be used for kitchen
and bathroom purposes:
-Rainwater consumption (without considering kitchens
and bathrooms): 6,600+3,930+10,240+10,585+18,000+
13,500+160 L/y= 500,000 L/y
-Greywater consumption: Only 2.4% of reused greywater
would cover Lidl water demands.
-Lidl water consumption: 10,640,000 L/y

-Air flows:

-CO2 (production/sequestration):
-Total CO2 production: 47,113 Kg CO2/y.
-CO2 sequestration: 984 Kg CO2/y.

02 (demand/production):

-Total 02 demand: 22,430 Kg/y

-Total O2 produced: 1,025 Kg/y:
-02 production in the square: 780 Kg/y, which means
that an additional 4.3 persons could benefit from this
greenery.
-02 production in Lidl cafeteria: 35.4 Kg/y, being not suf-
ficient compared to the demand.
-02 production in GH: 209 Kg/y, being very far from live-
stock O2 requirement, people and others.
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7.5.2 ACHIEVEMENT OF SDGs

The sustainable measures applied and introduced within
the interventions of the new proposal can be briefly sum-
marized and grouped according to the three dimensions
of sustainability. Moreover, each number represents the
action areas according to chapter 4.6 Design framework
(Figure 7.5.2.1).

The final SDGs achieved can be displayed in Table 7.5.2.1,
which are associated with each sustainable measure con-
sidered in the final proposal.

However, each SDGs consist of several indicators but due
to the scale of the project, only a few indicators can be
achieved. In order to know more in detail which specif-
ic indicators of each SDGs are achieved with the project,
chapter 10 Appendix can be read.

Action areas: SCE Interventions Presence

(grouped in categories) (Sustainability) of flows

@ (7, 8) HEALTH & G, LS |
HAPPINESS | N
Social : FW, A

3) (5, 6) CULTURE & ‘G LS 3
( ECONOMY P

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Economy

: Environment : —> FEWA

Figure 7.5.2.1: Summary of action areas, interventions (GH:G, Lidl:L,
square:S) and flows (food:F, water:W, air:A).

ECONOMIC & SUSTAINA-
BLE BUSINESS

- (1) Clean and energy production when possi-
~ ble (LSC red panels and PV).

SDG

- (3) Lightweight (GH) and low tec¢hnology
when possible (decreasing difficulty & in-
creasing creativeness and desirable labour).

- (3) Partnership with local stores (Buurman)
and citizens involvement (maintenance, con-
struction and decoration).

SDG
17

- (3) Synergy between other neighbourhood
facilities.

- (3) Quality over quantity.

- (3) Higher productivity/m2 when consider-
ing both space and time.

- (3) Job creation (support to local business,
woman, disadvataged people, youth, etc).

SDG 5,

- (3) Local and sustainable food production

2,12 8,10

- (3) Diverse food production (fish, meat,
fruits, vegetables, products...)

SDG SDG
14

SDG
12

SDG

SDG  SDG2, SDG
11,12 6,13

SDG
15

SDG

SDG

SDG

12

6,13

12,15

12

3,

3,11

SUSTAINABLE
ENVIRONMENT

- (1) Minimum resources inputs from outside the system
boundaries ((local use of resources, collaboration with local
companies if needed, demountability, lease, 2nd hand..)

- (1) Benefits from climatology (smart and passive design:
shadows, ventilation, sun rays...).

- (1) Rainwater collection, biofiltration and recircularity.

- (1) Surplus food and FW collection. Circularity principles
and smart use of resources (hierarchy and upcycling).

- (1) Closer and smaller loops of resources (water recycling,
selling point, air ex¢hange...).

- (2) Natural and ecological processes (natural interaction
between species).

- (2) Local species, natural biodiversity & smart selection ac-
cording to site conditions (thermal, lighting, moisture).

- (2) Animal welfare & natural behaviour (organic and eco-
logic production).

- (2) Non toxic ¢hemicals and substances.

- (4) Smart use of greenery spaces for the improvement of
air quality, reducing UHI and flooding. Air purification.

Table 7.5.2.1 Final benefits of the proposal, grouped according to the three dimensions of sustainabilty and its respective achieved SDGs.
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The original state of Spangen (S) and Lidl (L) had the fol-
lowing partial SDGs (regarding the essential flows):

- SDG 2: Zero hunger (S, L)

- SDG 3: Good health & well-being (S)

- SDG 4: Quality education (S)

- SDG 5: Gender equality (S)

-SDG 10:
-SDG 11:
-SDG 12:

-SDG 13

Reduced inequalities (S)
Sustainable cities & communities (L)
Responsible consumption & production (S)

: Climate action (S, L)
-SDG 14:
-SDG 15:
-SDG 17:

Life below water (S)
Life on land (S)
Partnership for the goals (L)

The following SDGs are also partially achieved within the
final proposal, but with a greater number of obtained in-

dicators (green colour represents the new SDGs achieved com-
pared to the original state):

- SDG 2: Zero hunger (S, L)

- SDG 3: Good health & well-being (S, L)

- SDG 5: Gender equality (S, L)

- SDG 6: Clean water & sanitation (S, L)

- SDG 7: Affordable & clean energy (L)

- SDG 8: Decent work & economic growth (L)

- SDG 10: Reduced inequalities (S, L)

- SDG 11: Sustainable cities & communities (S, L)

- SDG 12: Responsible consumption & production (S, L)

- SDG 13: Climate action (S, L)

- SDG 14: Life below water (S, L)

- SDG 15: Life on land (S, L)

- SDG 17: Partnership for the goals (S, L)

™
-
O . . . .
Qo - (2) Climate awareness through visible use of natural resources, (3) connection with natural system.
® 3 - (3) Teaching and learning process (workshops, expositions, sustainable conferences, innovations...). Con-
Qan ferece from partnership with local business and other interesting institutions.

Q- - (3) Active spaces (reduction of criminality and increasing activity in the area).

g - (3) Physical, cultural and social activities. Multifunction possibilities: Retail, social uses, education, ag-

v ™ riculture, catering, ...). Flexible design according to local necessities and culture. (4) Mental health and
well-being.
- (4) Public, semipublic, semiprivate, private spaces (segregation of spaces).

9 = (4) Integration and participation for all genders, ages, ethnicities, groups and individuals. Representation

T and integration of different ethnicities (respond to local demands and cultures). Diversity.

O

a4 - (4) Integration within the landscape, urban and social conditions. Design according to human scale.

8 = - (4) Direct and welcoming access for everyone, without sudden c¢hanges in level (also considering people

< with reduced mobility).

o) - (4) Healthy, safe & enjoyable environment and spaces to work, study, stay in (enhancing pedestrians and

24 cyclists, lighting, car’s protection...). The proposal is a source of enjoyment for the future owner and local
residents. (3) Attractiveness not only for local neighbours but also other visitors, students or workers.
- (4) Indoor and outdoor spaces (connection). Stimulation of 5 senses and new experiences through flows,
materiality, views, etc.

bt - (4) Identity and personal feeling through smart solutions (facade greenery pots, name of the person in

v oo cups, name of neighbourhood in menus...), increasing community feeling, satisfaction, sense of belonging.

1491




O 8 CONCLUSIONS & DISCUSSION

8.1- Research conclusion
8.2- Discussion

8.2.1 General discussion

8.2.2 Limitations

8.2.3 Recommendations for future research
8.3- Reflection




8.1 | RESEARCH CONCLUSION

Lidl NL has been putting efforts on implementing Circu-
lar Economy principles in their sustainable operations,
but the lack of social aspects and integration to the local
context was still needed for obtaining a total sustainable
and balanced system. The Southern part of Spangen was
the study case due to poor urban metabolism and social
aspects, being very far from the Sustainable Development
Goals established by the United Nations.

So the main research question of this thesis was:

To what extent the sustainable redesign of Lidl super-
market can improve the social context, urban metab-
olism related to essential flows and help to achieve
Sustainable Development Goals (SDGs) in Spangen?

- Direct conclusion:

Lidl redesign, through the help of three interventions
(square, Lidl and greenhouse), allowed to improve in
general the current situation regarding social context and
urban metabolism of Spangen and Lidl, but at different
levels of success. In the end, apart from several achieve-
ments of SDGs indicators, there has been obtained new
SDGs in both Lidl and Spangen.

On one hand, the proposal enabled to enormously im-
prove the existing social context by providing new comfort
spaces for having healthy, enjoyable, interesting, well-be-
ing, cohesive, integrational, climate awareness workshops
and new social activities. Moreover, not only indoor spac-
es were improved regarding sociability among citizens
(Lidl and GH), but also outdoor public space (square) was
converted into a safer, nicer, social, interesting, enjoyable
space to stay and interact with each other. The three in-
terventions were socially connected to each other, being
an integrated design and achieving the following SDGs re-
lated to social dimension: 5, 8, 10, 13, 17.

On the other hand, the main accomplishment of urban
metabolism regarding essential flows was achieved with
food flows, especially in food waste reduction (hierarchy
re-circularity). On-site processing of surplus and avoidable
solid food waste (FW) allowed a reduction of 70%. Other
FW measures allowed reducing 7.5% of fried oil, 100% of
coffee ground and in general reduce waste and resources
from outside, at the same time as allowed providing new
saleable products (soap, candles, fertilizer), boosting local
business, identity and synergy between the neighbour-
hood’s facilities. The downside was that the new local
food production only covered 1.5 % of the demand due to
the focus on social aspects rather than intensive farming.
The introduction of new rainwater and greywater collec-
tion tanks and on-site local treatments (biofilters), ena-
bled the proposal to work almost self-efficiently. Around
65% of rainwater (without considering bathrooms and
kitchen demands) was used within the interventions,
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leaving 35% of remain rainwater for other purposes such
as toilets. However, only 2.4% of greywater was able to
cover the total water demand of Lidl.

Air flows were in general terms slightly improved, provid-
ing nicer indoor and outdoor air quality through biodi-
verse and local greenery species, but 02 supply was very
far from covering 02 demands. The consolidation and
achievement of SDGs related to environmental dimension
were: 2, 3,6,7,11, 12, 13, 14, 15, 17.

- Conclusion by sub-questions:
To answer the research question, the following sub-ques-
tions were put forward:

1- What are the essential flows of interest for Spangen
neighbourhood and Lidl supermarket regarding SDGs?
2- What is the current urban metabolism, related to essential
flows, between Lidl supermarketandthe local neighbourhood?
3- What are the existing social initiatives for the lo-
cal community and which ones could be im-
proved  or introduced  through Lidl  redesign?
4-Whatarethemaincircularopportunitiesthatcanbeachieved
through Lidl redesign for the improvement of the urban metab-
olismand according to the socio-economic contextof Spangen?
5- Which Sustainable Development Goals result from the
synergy between Lidl redesign and the neighbourhood?

The first sub-question is answered from the analysis in
chapter 5.2 Definition of flows. In general, existing chal-
lenges regarding SDGs were detected to find possible im-
provements within the Lidl redesign. Afterwards, the se-
lection of the final flows (Water, Food, Air) were evaluated
according to greater improvement possibilities, SDGs,
social impact and further factors. But, although these 3
essential flows were considered in the future design, air
flows had less synergistic potentials and consisted on a
complex range of factors (PMx, CO2, 02, etc), so it was
discarded from the further analytical research.

The current urban metabolism (sub-question 2) can be
answered from chapter 5.5 Data flows in Spangen area, in
which the diagram of flows represents clearly the existing
linear urban metabolism occurring in Spangen.

Great amount of avoidable food waste (FW) was thrown
away and without any recovery measure, accounting for
around 142,500 Kg FW/y and a loss of 80 Euros/y/person,
so considering that Spangen was an area in need, peo-
ple should not afford the right to waste food and money.
The only FW recovery measure, accounting only for 4.4%,
was the Lidl donations to national charities but without
relation to Spangen citizens, being the rest sent to anaer-
obic digestion. Likewise, there were not water recycling
measures or rainwater collection, being sent and mixed
with the sewage urban system and reducing possibilities
for urban synergy. Lastly, there was bad management of

greenery spaces, being very scarce and predominating
hard pavements, thus decreasing the opportunities from
greenery in favour of airflows benefits.

The existing social initiatives (sub-question 3) are ex-
plained in chapter 5.1.3 Existing initiatives, being reduced
in recent years and only remaining two social clubs with
social activities and basic services to people in need.
Stichting Openhaard was the only social club established
within the study area (South) but based on chapter 6.1.3
Definition of system boundaries, its interior distribution
and spaces were not attractive due to lack of lighting,
comfort, healthy, motivational or working environment,
so these issues led to new possibilities and social im-
provements within the Lidl redesign.

The previous sub-questions (1, 2, 3) proved that at least
three types of interventions were needed for achieving
further SDGs, improving social context and urban metab-
olism in Spangen: Square, cafeteria and greenhouse (GH).
The latest allowed to relocated activities from the social
club and introduce new activities for increasing social of-
fer and boosting well-being among citizens.

-Existing activities/uses in Stichting Openhaard:

- Languages les- - Cooking activi-  -Artlessons
sons ties - Indoor football
- Instrument les- - Sewing courses - Reading

sons - Turkish coffee - Informatics

- Photography - Dancing lessons - Excursion

- Kick-boxing - Conferences

-Moved activities/uses to the new GH:

Language les- Kitchen work- - Dancing lessons

sons shops - Conferences
- Guitar lessons - Sewing courses - Art lessons
- Photography - Coffee time

-New additional activities/uses in the GH:
- Nutrition & FW  conferences mitment, care,
workshops - Table games good feeling, pro-
- Climate aware- - Agriculture les-  priety feeling..)
ness, sustainabili-  sons & harvesting -Social rooms,

ty conference, - Animal feeding  study area
upcycling & CE  &care - Organization of
workshops - Dinner events indoor fairs, cin-
- Low technology - Private plant ema sessions or
and innovation  ownership (com-  small events

Circular solution routes (sub-question 4) were searched
and described in chapter 6..2.1 Sustainable and low tech
measures, considering the socio-economic situation (low
tech measures) and intervention type. In the end, only a
few were selected, discarding others due to ethical, fea-
sible, complex and expensive reasons. These are the se-
lected circular opportunities, organized through the 3 R
concept (reduce, ruse and produce):
-1 Food flows:
‘Reduce: By local and direct donations to school, social
clubs or other people in need, and changing the behav-

iour and buying practices through FW workshops.
‘Reuse: Reprocess FW on-site (upcycling) into edible
products (juices, cakes, ice cream from ripe fruits and
vegetables, etc) and by-products (soap and candles from
kitchen waste oil, mushrooms from coffee grounds...).
Collecting FW for animal feeding and vermicomposting
in the GH (through new trash bins) and reusing animal
waste as fertilizer or fish feeding.
-Produce: Local food production (aquaponics NFT, out-
door farm, livestock) allow reducing packaging, waste,
transportation or costs, and providing new jobs, fresher,
tastier and organic products to Spangen.

-2 Water flows:
-Reduce: NFT hydroponic system enable to reduce water,
energy consumption and the need of soil.
-Reuse: Greywater reuse and bio-filtration.
-Produce: Rainwater collection and bio-filtration.

-3 Air flows:
-‘Reduce: By the introduction of local food production,
waste reuse and introduction of greenery.
‘Reuse: CO2-02 exchange between livestock and crops.
-Produce: New outdoor and indoor greenery for 02 pro-
duction and improvement of air quality.

Lastly, by considering the previous steps, several SDGs
(sub-question 5) were achieved within Spangen and Lidl
redesign, shown in chapter 7.5.2. Achievement of SDGs.
Overall, not only further indicators of each SDG were
achieved in Spangen (S) and Lidl (L), but also new SDGs
such as SDG6 and SDGS8 (highlighted in green colour):

- SDG 2: Zero hunger (S, L)

- SDG 3: Good health & well-being (S, L)

- SDG 5: Gender equality (S, L)

- SDG 6: Clean water & sanitation (S, L)

- SDG 7: Affordable & clean energy (L)

- SDG 8: Decent work & economic growth (L)

- SDG 10: Reduced inequalities (S, L)

- SDG 11: Sustainable cities & communities (S, L)

- SDG 12: Responsible consumption & production (S, L)

- SDG 13: Climate action (S, L)

- SDG 14: Life below water (S, L)

- SDG 15: Life on land (S, L)

- SDG 17: Partnership for the goals (S, L)

Therefore, as mention at the beginning, by answering
the previous 5 sub-questions, it was possible to develop
an optimum result (with the limited available data and
socio-economic constraints), being social context, food
flows and SDGs much more improved.
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8.2 | DISCUSSION

8.2.1 GENERAL DISCUSSION & FURTHER RESEARCH

: General discussion:

This research concluded with the necessity to act in three
different interventions, providing specific services and
spaces for the improvement of the local social context,
urban metabolism and achievement of SDGs in Spangen
and Lidl. Nevertheless, the final result did not represent
the only solution as there was room for discussion.

1- Food production and social activity in 1 location or 2:
Due to limited food production compared to supply, an-
other location would need to be considered. From the
two possible rooftops, only the first building was chosen
due to views, food wate distribution or direct connection
to Lidl cafeteria. However, although the second building
had lower benefits regarding orientation, it could serve
as an additional space for social purposes, thus leaving
the first building for only food production. But this would
result in higher consumption of resources, building con-
struction labour and economic costs, being far from the
objective of keeping the lowest construction and costs.

2- Profitable food production:

Food production objectives were focused on animal wel-
fare and treatment, providing fresh, ecological and organ-
ic food. This resulted in wider spaces and fewer produc-
tion of crops or livestock, so if economy and profitability
were desired, better-exploited spaces would be needed,
thus allowing to fulfil food demands in Spangen.

3- Wider indoor refurbishment of Lidl supermarket:

The ground floor where divided in Lidl and Toros super-
market, occupying 3/4 of front facade by Lidl and 1/4 by
Toros. The indoor refurbishment design was aimed to be
at the entrance of Lidl, modifying the least interior distri-
bution and using the least commercial surface as possible,
resulting in an elongated shape. However, if the space oc-
cupied by Toros supermarket was available for Lidl, great-
er benefits for the square and restaurant design could
have been achieved, but resulting in higher distribution
modifications, costs and possible conflicts with Toros.

4- Increase of water collection surface:

Water collection surfaces were not enough for the effi-
cient management of the final proposal (when consider-
ing bathrooms and kitchen consumption, so, more wa-
ter capturing surfaces would be needed, for example by
considering other rooftops and streets nearby. This could
lead to legal and property issues with neighbours or city
council for letting get benefits for only Lidl, but could be a
valuable and feasible option if an agreement was reached.

- Recommendations for further research:

Introducing urban farming practices, social interaction
among users, and implementation of circular routes have
been independently achieved enough level of success in
several projects. However, the combination of all these
aspects in one location, through social circular economy
principles and for the final achievement of SDGs, could
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be something new or barely studied, needing for this in-
clusive design further research in the following domains:

1- Financial feasibility:

Investments and financial costs have been considered in
the design but they were not further developed in detail.
Due to Lidl supermarket’s thesis, it was thought that Lidl
would be the main investor for the cafeteria and green-
house, being the city council the main interested party
for the improvement of the square (public identity). The
greenhouse could be funded by Lidl but owned by the
community association, paying gradually back until reduc-
ing the Lidl loan. Howoever, other financial possibilities
would need to be searched, involving potential stakehold-
ers, city council, Lidl and private companies, etc.

2- Relation to the rest of the flows:

Only the main essential flows have been studied in detail,
but the relationship and impact to the rest of the flows
(energy, emissions, packaging...) would need to be consid-
ered too in order to see the real feasibility of the project.
3- Food production variety and competitiveness:
Although food consumption habits was performed, a
further study would be needed for finding the most ef-
fective food production and definition of type of species.
The quality, fresher and organic products from the green-
house was considered to have great acceptance to local
consumers, but research (economical and environmental)
and comparison of the new impact on the Lidl food supply
chain would be needed.

4- Social activity variety:

New social activities were based on current social chal-
lenges from national statistics data and the desire to max-
imise social relationship among users. However, due to
Covid-19 limitations, a further analysis of specific social
activities adapted to local neighbours would be necessary
for increasing their well-being and satisfaction.

5- Other circularity routes:

Mostly low tech and inexpensive measures according to
the socio-economic circumstances of Spangen were intro-
duced, being necessary to search for other innovative and
more efficient possibilities (if costs are not considered).
6- On-site biodigester possibility:

A great part of surplus and food waste from the Southern
part of Spangen was able to be re-processed and reduced
on-site. With the introduction of a biodigester, food waste
from the Northern part and production of energy could
be achieved, but carrying ethical issues and regulations.
7- Decentralization and transferability:

Decentralization solutions were indirectly aimed for giv-
ing independence and higher benefits to small areas of a
city. By solving efficiently local issues (neighbourhoods),
the big scale (city) could be easier improved by applying
repetitive patterns in the rest of the conflict areas. This
research found at some extent, a general methodology
that could be applied to any degraded urban context.

8.3 | REFLECTION

1- Methodology, approach and research methods:

The methodology of this thesis was elaborated based on
predictive research (design by research). By critically iden-
tifying the causes and effects of the current issues and
predict possible solutions in align with the SDGs (design
exploration), this research project seeks to improve tthe
spatial and societal issues occurring in Spangen and Lidl.

Furthermore, this graduation project is based on applied
research, which begins from a particular situation: the so-
cio-economical situation of Spangen and how this affects
the urban metabolism and social community. Seeking
social reintegration, cohesion and improvement of flows
with minimal economic aids and difficult social context
result in a challenging task. Therefore, this research aims
to find a solution through a Lidl store redesign in order to
improve the social context and urban metabolism, and in
line with social sustainability and SDGs.

The conceptual approach follows an order that starts with
the analysis of the baseline (formed by SDGs, Lidl posi-
tion, flows and the social context), followed by the im-
provement phase (with circular solution routes, interrela-
tions and design process) and ending with the evaluation
of the design proposal. The design process is the most
challenging part due to the need to consider efficiently
the previous baseline analysis into optimal spatial trans-
lations. Degraded socio-economic environments are deli-
cate areas that require careful attention mostly on social
aspects, thus it is necessary to find a method that covers
environmental but also social dimensions. ELSI framework
seems to be the best option due to the inclusion of the 3
aspects of sustainability and ease to address and achieve
the SDGs in a systematic and efficient way. After some
adjustments, the final design framework was developed,
including some smart strategies through circular solutions
and spatial improvements. Moreover, prior to the design
process, further analysis of local context was performed
for recognising specific interventions, social spaces, spe-
cies required, circular routes and detailed strategies.

2- Relationship between research and design:

In this graduation project, the design follows the research,
which is divided in theoretical and analytical framework.
All the theoretical research plays an important role for the
understanding of the general case study situation and in-
terpretation of the theoretical concepts (such as circular
economy principles, social sustainability, urban metabo-
lism, synergy, etc), in which important data is collected
for finding at the end, ways to translate the theory into
spatial desings. Afterwards, there has been found and
identified several design objectives and general strate-
gies (through design framework) in order to address the
current challenges. Analytical research is also important

for understanding in more detail the causes and effects
of social challenges and urban metabolism , and finding
possible improvements adapted to the local situation.

Afterwards, those objectives and strategies were able to
be integrated into the final design proposal through per-
forming “research by design”. Research by design consist-
ed of finding first the potential zones of interventions,
identifying the species and spaces needed, circular solu-
tion routes by a thorough and further analysis of the local
context and needs. Therefore, at the end of the design
process, optimal spatial designs were presented.

Design in this project is a tool for inclusive architectural
design and urban development within the framework of
addressing and improving the essential flows and local so-
cial issues. Design strategies were aligned with the SDGs,
sources, species and ecosystems, culture and economy,
health and happiness, at the same time as considering ur-
ban symbiosis and social sustainability approach.

3- Relation between the graduation project topic, the stu-
dio topic, the master track and the master programme:
-Graduation topic, studio topic and master track (building
technology):

Building technology is carried out within the only studio
“Sustainable Graduation Studio”, in which students can
choose to focus their graduation topic in two fields, from
fagade, climate, structural design or design informatics.
This research fell within the field of climate design and
buiding physics and services, covering topics realted to
the indoor and outdoor environment and the dividing
skin in-between, essential flows that enable living, work-
ing and travelling (energy, water and materials), and other
important themes with societal and scientific value.

The purpose of this research topic is to study the local ur-
ban metabolism and improve societal issues through the
investigation of the circular economy and circular routes,
social sustainability, upcycling process, sustainable tech-
nology innovations, and resource flow, among others.
Therefore, this graduation project is aligned with the
workflow of the tutors and the scope of the sustainable
graduation studio.

-Graduation topic and master program:

The Dutch government has established a goal for achiev-
ing a circular economy by 2050, thus TU Delft has already
started to study this principle since years. The graduation
project is in very closed relation with the master program
of MSc Architecture, Urbanism and Building Sciences, in
which experience in architecture design, spatial planning
and the built environment is developed. Specifically, skills
in design practice, from the physical and social sciences,
technology and urban planning, to name a few, were ex-
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plored in order to find ways of creating sustainable de-
velopment and integrated solutions for the built environ-
ment, thus in line with the scope of the thesis too.

4a- Societal relevance:

Rotterdam is a wealth region but nevertheless, it is formed
by different districts that still undergoing social, econom-
ical and degradation issues, representing a great problem
that leads to a lower rate of satisfaction and well-being for
the local citizens. In particular, Spangen is constituted by
a complex social structure, in which different ethnicities,
ages and gender try to live together. However, far from
profiting this variety of factors for enhancing social life,
prosperity and interactions among neighbours, little so-
cial efforts and urban improvements have been made for
fighting against the current degraded image of Spangen.

By solving and improving the existing social issues within
this area, it could contribute to a better equity, quality
of life, satisfaction, individual empowerment, inclusion,
diversity, integration and in general, better well-being, co-
existence, happiness and social relation among citizens.
Moreover, the benefits would not only be focused on the
social dimension but also economical aspects would be
also improved as a result, increasing economic prosperity,
partnership with local companies, commitment, inspira-
tional ideas or productivity...

In general, several social initiatives have been organized
by different associations in order to solve these current
social issues in the area, but only a few seemed to be real-
ly effective and with enough engagement among local cit-
izens. Opposite to other initiatives, this research project
were not focused only on the provision of a wide range
of social activities. This graduation project seeks to offer
alternative multifunctional spaces for performing select-
ed social activities that are aligned with the enhancement
of integration, cohesion and participation of local citizens.
Moreover, an increase of personal satisfaction, identity,
community feeling, sense of belonging, stimulation of
sense through new experiences, etc, at the same time as
the introduction of climate awareness, teaching innovate
technology and circular principles were searched through
the different interventions of the proposal.

The positive fact is that the final social measures could
serve as an inspiration and be transferred to other are-
as that experience similar processes of degradation or
struggle with similar issues, getting benefit not only from
a sustainable and economical point of view but also in or-
der to increase their social quality of life. Therefore this
thesis has societal relevance at different scales: from the
local neighbourhood to an entire city, because by applying
certain measures and according to local demands inside
a specific neighbourhood (decentralization systems), big-
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ger scales could be improved through repetitive patterns
along with the territory.

The thesis does not respond to a unique answer at a spe-
cific location, but it could affect the future architecture
and built environment design through social sustainability
and synergetic approach with the surroundings.
Moreover, this research could also contribute to the
achievement of Lidl sustainability goals and develop fur-
ther the social inclusion and role of the supermarket with-
in the community, in order to enhance customer satisfac-
tion, exchange experiences and integration.

4b- Scientific relevance:

On one hand, the United Nations has established several
Sustainability Development Goals focusing on social as-
pects and sustainability targets. The social circular econ-
omy is a concept that has a direct relation to the sustain-
ability concept, but it has been barely applied efficiently
through urban and architecture disciplines. From a sci-
entific perspective, the goal of the thesis was to create a
link that could interpret and translate the social circularity
thinking towards spatial urban designs in order to find an-
swers for a feasible and balanced sustainability system. In
the end, the results allowed understanding the spatial re-
lationships and social impacts of the social circular econ-
omy principles, so it enabled to set a good base for future
researchers and other groups that might be interested in
this type of research.

On the other hand, urban metabolism is in continuous
expansion and transformation, differing from regions and
countries, trying to integrate social, cultural, economic
and political perspectives in order to shape sustainable
environments. The form in which different flows could be
combined in synergy with the urban environment would
be inspiring not only for municipalities but also other re-
searches or companies, in which further benefits than
economical and sustainable measures were achieved,
such as social well-being.

Moreover, the way this thesis tried to apply decentraliza-
tion systems for addressing the issues at big scale through
repetitive interventions at smaller scale could contribute
to different scientific discussions about urban planning.

4c- Link to other professions:

Briefly, the thesis tried to establish a link between the
circular economy and sustainable measures with urban
design practices. However, waste collection, treatment
systems and food production, among others, are actions
that require help from different disciplines, such as ar-
chitecture, administration, interior design, urban design,
agriculture, etc to make them work. For example, reduc-
ing and recycling flows would need an approach from dif-
ferent disciplines because the urban design would not be

able to solve all the issues alone.

5- Ethical perspective:

The cultural variety of Spangen can be an advantage for
boosting integration, diversity and cohesion between
different backgrounds, but also a challenging task due to
privacy culture, closed-minded or particular behaviour.
However, realistic social benefits remain unknown due to
the impossibility to perform the expected questionnaires
about the final proposal due to Covid-19, so perhaps
some citizens would refuse to participate in social activ-
ities. But, this issue could be reduced by providing them
some motivation (discounts, prizes,...).

Lidl has not been involved during the thesis, so its level of
cooperation and objectives in the neighbourhood are un-
known, although they agreed on establishing more con-
nection with the community. This led to more open pos-
sibilities, but its willingness to invest in the new proposals
and have an economical agreement with the food produc-
tion in the greenhouse is still unsolved. Another issue is
related to the stakeholders or Lidl food suppliers, which
would be reduced due to new local food production.

By putting efforts on closing food, air and water loops
through cradle to cradle principles, visible and enjoyable
examples, people would be part and involved in these
sustainable measures and would be able to learn and be
more conscious about it, thus increasing sensibility, re-
sponsibility, awareness, cooperation, commitment and
community feeling for improving common benefits for
Spangen. An almost zero net waste facility could be able to
achieve if fully cooperation between citizens is engaged,
thus developing a proud feeling and sense of belonging to
a healthy and sustainable community.

6: Personal reflection, results of research, expected re-
sults, results applicable in practice:

-Personal reflection:

This project helped me to develop a critical and analytical
thinking, as well as extending my knowledge through re-
search, analysis and strategy development. It was helpful
to understand the importance of social sustainability for
the improvement of degraded urban areas in social terms
but also for the development of the other two dimen-
sions of sustainability (economy and environment), and
in which the link between these three dimensions allows
to obtain much greater benefits than only focusing on a
few. Addressing these three dimensions was a challeng-
ing task due to the socio-economic context of Spangen,
but the new design framework helped to achieve further
SDGs and in general, a better sustainable balanced sys-
tem in the neighbourhood. Finally, this research enabled
to change my way of thinking and perception on sever-
al notions, such as public space, degraded areas, urban

planning, socio-economic context, and the role of the ar-
chitect within the society and environment.

-Research approach:

From my perspective, the methodology was adequate to
answer the research question and sub-questions. Howev-
er, several factors that were out of my scope such as lack
of cooperation of private identities (Lidl and neighbour-
hood'’s facilities) and Covid-19 situation, led to uncertain
results, thus adding some weaknesses points to the re-
search. However, the lack of flows data and citizens feel-
ings or requirements were efficiently solved by national
statistic reports, newspapers, fieldwork and international
reports, which provided general data in standard facilities.

The final result was slightly different from what | expected,
being more detailed, completed and well-argued through
the extent research framework. The analytical research
conducted in Spangen and Lidl allowed me to understand
the magnitude of their waste problem and urban metab-
olism, lacking local sustainable measures. The identifica-
tion and improvement attempt of the urban metabolism
regarding essential flows and the achievement of further
SDGs and social aspects made my design proposal coher-
ent, allowed perhaps to increase their relevance (social
and also scientific) and created a great impact on social
and environmental aspects (and a bit in economical one).
In the end, | believe that the final design could strongly in-
fluence Spangen in a positive way, improving the quality of
life of citizens, safety and health, boosting the local econ-
omy, people’s satisfaction and participation, and integrat-
ing all variety of citizens under one area, among others, at
the same time as implementing sustainable measures in
the new social environment. Moreover, Lidl could obtain
benefits from this research as synergy between the local
neighbourhood could be much more beneficial for its
commercial operations, as well as their increase in profits
and customer satisfaction. Lidl could be the first super-
market that could play a prominent role within a commu-
nity by in improving social cohesion through sustainable
and circular principles.

-Applicability:

In terms of transferability, even though that each territo-
ry has inherent characteristics and properties, the broad
idea could form a valuable base for initiating another dif-
ferent and future project. Moreover, the idea of this the-
sis could help to the improvement of other regions with
similar degradation issues and contribute to their sustain-
able development. However, using the decentralization
concept cannot assure the effectiveness and success of
the new study territory, but by changing and adapting dif-
ferent parameters, | believe it could also work and help to
achieve their sustainable goals.
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9.2

9.2.1 CALCULATIONS OF FOOD FLOWS

| APPENDIX

AVOIDABLE SOLID FOOD WASTE

AVOIDABLE SOLID FOOD WASTE

DESCRIPTION OF GROUP PRODUCTS NAME OF FACILITY FIGURES FIGURES DESCRIPTION OF GROUP PRODUCTS NAME OF FACILITY FIGURES FIGURES
- - gr/facility/day Kg/facility/y = = gr/facility/day Kg/facility/y
Mariaschool 2,955 739 Mariaschool 570 208
Lidl 10,085 3,681
Lidl 21,851 7,976 Toros Bakkerij 1,529 558
Toros Bakkerij 5,606 2,046 Vishandel Ooms 354 129
Vishandel Ooms 885 323 Slagerij Nador & Ooms 2,675 977
2- Vegetables Slagerij Nador & Ooms 9,555 3,488 7- Dairy products (cheese, mainly thick) Kebap Duriim Evi 295 108
Kebap Duriim Evi 531 194 Pizza Amore 1,440 435
Pizza Amore 288 87 Onur Firini 648 237
Onur Firini 144 53 Eethuis Kon Moi 1,480 447
Eethuis Kon Moi 740 223 Dirim Evi 295 108
Durtm Evi 531 194 Bakkerij Jamama 1,404 512
TOTAL VEGETABLES 43,085 15,322 TOTAL DAIRY PROUCTS 20,775
Mariaschool 2457 614
Lidl 20,730 7,567 TOTAL OTHER PRODUCTS 891.6
Toros Bakkerij 6,115 2,232 Lidl 4,482 1,636
Vis.P)andeI Ooms 826 301 9- Unwanted food from grocery ambient Toros Bakkerij 1,019 372
3- Fruit Slagerij Nador & Ooms 10,319 3,767 Vishandel Ooms - -
Kebap Duriim Evi 295 108 Slagerij Nador & Ooms 1,529 558
Pizza Amore 192 58 TOTAL BAD LOOKING FOOD
Onur Firini 9% 35
Eethuis Kon Moi 444 134 TOTAL FROZEN
Dirim Evi 295 108 Mariaschool 1,742 435
TOTAL FRUIT 41,770 14,923 Lidl 16,808 6,135
Mariaschool 1,172 293 Toros Bakkerij 3,822 1,395
Lidl 29,134 10,634 Vishandel Ooms 974 355
Toros Bakkerij 3,567 1,302 Slagerij Nador & Ooms 5,351 1,953
Vishandel Ooms 885 323 4- (Leftovers from meals, ready meals) Kebap Diriim Evi 1,416 517
1- Pastry & cake (bakery), Slagerij Nac[ot& Oo'ms 5,733 2,093 Pizza Aerr.e 624 188
bread & bread-based products Keb.ap Dirlm Evi 1,003 366 On'ur Firini : 360 131
Pizza Amore 1,392 420 Eethuis Kon Moi 1,332 402
Onur Firini 648 237 Diriim Evi 1,416 517
Eethuis Kon Moi 1,332 402 Bakkerij Jamama 720 263
Dirim Evi 1,003 366
Bakkerij Jamama 1,476 539 Bar Spangen 5,500.0 2,007.5
TOTAL PASTRY, CAKE, BREAD PRODUCTS 47,345 16,975 Satendam 5,500.0 1,661.0
Mariaschool 581 145 5. Coffee Maak Rotterdam 5,500.0 1,661.0
Lidl 7,844 2,863 Vishandel Ooms 4,000.0 1,460.0
Toros Bakkerij 3,822 1,395 Pizza Amore 4,000.0 1,208.0
Vishandel Ooms 1,829 668 Dirum Evi 4,000.0 1,460.0
6- Meat & meat products & fish, eggs Slagerij Naq?t& Oo'ms 3,058 1,116 TOTAL COFFEE - ‘ 28,500.0 9,457.5
Kebap Durlm Evi 2,360 861 Kebap Durim Evi 90 1,080
Pizza Amore 864 261 Pizza Amore 25 300
Onur Firini 504 184 . . Onur Firini 145 1,740
8- Cooking oil - -
Eethuis Kon Moi 2,072 626 Eethuis Kon Moi 130 1,560
Dirtim Evi 2,360 861 Diirlim Evi 90 1,080
TOTAL MEAT, MEAT PRODUCTS & FISH, EGGS 25,293 8,980 Bakkerij Jamama 70 840

TOTAL OIL (month) 550 6,600

Table 9.2.1.1: Detail description of avoidable solid FW in Southern part of Spangen organised by the type of products and facilities, including Lidl. Table 9.2.1.1: Detail description of avoidable solid FW in Southern part of Spangen organised by the type of products and facilities, including Lidl.

(continue in the next page).

AVOIDABLE SOLID FOOD WASTE (FW) BY RESTAURANTS

DESCRIPTION OF GROUP PRODUCTS

FW RESTAURANTS

(continued from the previous page).

= Kg/y
Vegetables 1,074 AVOIDABLE SOLID FOOD WASTE (FW) BY SCHOOL
Fruit 712 DESCRIPTION OF GROUP PRODUCTS FW SCHOOL AVOIDABLE SOLID FOOD WASTE (FW) BY SUPERMARKETS
N 2 Kg/ DESCRIPTION OF GROUP PRODUCTS FW SUPERMARKETS
Pastry & cake, pasta, rice, bread & bread-based products 2,653 Y Ke/
Read | 2374 Vegetables 739 = Y
eady meals - o , Fruit 614 Vegetables 6,464
Meat & meat products & fish, eggs 3,461 - i
- P £8 - - Pastry & cake, pasta, rice, bread & bread-based products 293 Fruit - 5,999
Dairy products (cheese, butter, mainly thick) 1,975 Ready meals 235 Pastry & cake, pasta, rice, bread & bread-based products 3,395
Others - Meat & meat products & fish, eggs 145 Ready meals - 3,348
Coffee 9,458 - - - Meat & meat products & fish, eggs 2,511
, Dairy products (cheese, butter, mainly thick) 208 " - -
Cooking oil (L/month) 6,600 Others 223 Dairy products (cheese, butter, mainly thick) 1,535
A ] Oth: -
TOTAL FOOD WASTE (excluding coffee & oil) 12,281 TOTAL FOOD WASTE 2,657 crs e TT— 53553
TOTAL SPEND (3.49 euro/Kg) (excluding coffee & oil) 42,861 TOTAL SPEND (3.49 euro/Kg) 9,273 TOTAL SPEND (3.49 euro/Kg) 81,149

Table 9.2.1.2: Avoidable solid FW in restaurants.
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Table 9.2.1.3: Avoidable solid FW in school (Mariaschool).

Table 9.2.1.4: Avoidable solid FW in supermarkets.
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9.2.2 ACHIEVEMENT OF SDGs (indicators)

Specific indicators of each SDGs that can be achieved
within the project are described as followed (UN, 2019):

-SDG 2: Zero hunger:

2.1- By 2030, end hunger and ensure access by all people,
in particular the poor and people in vulnerable situations,
including infants, to safe, nutritious and sufficient food all
year round

2.3- By 2030, double the agricultural productivity and in-
comes of small-scale food producers, in particular women,
indigenous peoples, family farmers, pastoralists and fishers,
including through secure and equal access to land, other
productive resources and inputs, knowledge, financial ser-
vices, markets and opportunities for value addition and non-
farm employment

2.4- By 2030, ensure sustainable food production systems
and implement resilient agricultural practices that increase
productivity and production, that help maintain ecosystems,
that strengthen capacity for adaptation to climate change,
extreme weather, drought, flooding and other disasters and
that progressively improve land and soil quality

-SDG 3: Good health and well-being:

3.4- By 2030, reduce by one third premature mortality from
non-communicable diseases through prevention and treat-
ment and promote mental health and well-being

3.9- By 2030, substantially reduce the number of deaths and
ilinesses from hazardous chemicals and air, water and soil
pollution and contamination

-SDG 5: Gender equality:

5.1- End all forms of discrimination against all women and
girls everywhere

5.5- Ensure women’s full and effective participation and
equal opportunities for leadership at all levels of deci-
sion-making in political, economic and public life

5.A- Undertake reforms to give women equal rights to eco-
nomic resources, as well as access to ownership and control
over land and other forms of property, financial services, in-
heritance and natural resources, in accordance with national
laws

-SDG 6: Clean water and sanitation:

6.3- By 2030, improve water quality by reducing pollution,
eliminating dumping and minimizing release of hazardous
chemicals and materials, halving the proportion of untreat-
ed wastewater and substantially increasing recycling and
safe reuse globally

6.4- By 2030, substantially increase water-use efficiency
across all sectors and ensure sustainable withdrawals and
supply of freshwater to address water scarcity and substan-
tially reduce the number of people suffering from water
scarcity

6.6- By 2020, protect and restore water-related ecosystems,
including mountains, forests, wetlands, rivers, aquifers and
lakes

6.B- Support and strengthen the participation of local com-
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munities in improving water and sanitation management

-SDG 7: Affordable and clean energy:

7.1- By 2030, ensure universal access to affordable, reliable
and modern energy services

-SDG 8: Decent work and economic growth:

8.1- Sustain per capita economic growth in accordance with
national circumstances and, in particular, at least 7 per cent
gross domestic product growth per annum in the least de-
veloped countries

8.3- Promote development-oriented policies that support
productive activities, decent job creation, entrepreneurship,
creativity and innovation, and encourage the formalization
and growth of micro-, small- and medium-sized enterprises,
including through access to financial services

8.5- By 2030, achieve full and productive employment and
decent work for all women and men, including for young
people and persons with disabilities, and equal pay for work
of equal value

8.6- By 2020, substantially reduce the proportion of youth
not in employment, education or training

8.8- Protect labour rights and promote safe and secure
working environments for all workers, including migrant
workers, in particular women migrants, and those in precar-
ious employment

8.9- By 2030, devise and implement policies to promote sus-
tainable tourism that creates jobs and promotes local cul-
ture and products

-SDG 10: Reduced inequalities:

10.1- By 2030, progressively achieve and sustain income
growth of the bottom 40 per cent of the population at a rate
higher than the national average

10.2- By 2030, empower and promote the social, economic
and political inclusion of all, irrespective of age, sex, disa-
bility, race, ethnicity, origin, religion or economic or other
status

11.2- By 2030, provide access to safe, affordable, accessible
and sustainable transport systems for all, improving road
safety, notably by expanding public transport, with special
attention to the needs of those in vulnerable situations,
women, children, persons with disabilities and older persons

-SDG 11: Sustainable cities and communities:

11.3-By 2030, enhance inclusive and sustainable urbaniza-
tion and capacity for participatory, integrated and sustain-
able human settlement planning and management in all
countries

11.6- By 2030, reduce the adverse per capita environmental
impact of cities, including by paying special attention to air
quality and municipal and other waste management

11.7- By 2030, provide universal access to safe, inclusive and
accessible, green and public spaces, in particular for women
and children, older persons and persons with disabilities

-SDG 12: Responsible consumption and production:

12.1- Implement the 10-year framework of programmes on
sustainable consumption and production, all countries tak-
ing action, with developed countries taking the lead, taking
into account the development and capabilities of develop-
ing countries

12.2- By 2030, achieve the sustainable management and ef-
ficient use of natural resources

12.3- By 2030, halve per capita global food waste at the re-
tail and consumer levels and reduce food losses along pro-
duction and supply chains, including post-harvest losses
12.4- By 2020, achieve the environmentally sound manage-
ment of chemicals and all wastes throughout their life cycle,
in accordance with agreed international frameworks, and
significantly reduce their release to air, water and soil in or-
der to minimize their adverse impacts on human health and
the environment

12.5- By 2030, substantially reduce waste generation
through prevention, reduction, recycling and reuse

12.6- Encourage companies, especially large and transna-
tional companies, to adopt sustainable practices and to in-
tegrate sustainability information into their reporting cycle
12.7- Promote public procurement practices that are sus-
tainable, in accordance with national policies and priorities
12.8- By 2030, ensure that people everywhere have the rel-
evant information and awareness for sustainable develop-
ment and lifestyles in harmony with nature

12.B -Develop and implement tools to monitor sustainable
development impacts for sustainable tourism that creates
jobs and promotes local culture and products

-SDG 13: Climate action:

13.2- Integrate climate change measures into national poli-
cies, strategies and planning

13.3- Improve education, awareness-raising and human and
institutional capacity on climate change mitigation, adapta-
tion, impact reduction and early warning

13.B- Promote mechanisms for raising capacity for effective
climate change-related planning and management in least
developed countries and small island developing States, in-
cluding focusing on women, youth and local and marginal-
ized communities

-SDG 14: Life below water:

14.4- By 2020, effectively regulate harvesting and end over-
fishing, illegal, unreported and unregulated fishing and
destructive fishing practices and implement science-based
management plans, in order to restore fish stocks in the
shortest time feasible, at least to levels that can produce
maximum sustainable yield as determined by their biolog-
ical characteristics

14.6- By 2020, prohibit certain forms of fisheries subsidies
which contribute to overcapacity and overfishing, eliminate
subsidies that contribute to illegal, unreported and unregu-
lated fishing and refrain from introducing new such subsi-
dies, recognizing that appropriate and effective special and
differential treatment for developing and least developed
countries should be an integral part of the World Trade Or-

ganization fisheries subsidies negotiation

14.7- By 2030, increase the economic benefits to Small Is-
land developing States and least developed countries from
the sustainable use of marine resources, including through
sustainable management of fisheries, aquaculture and tour-
ism

-SDG 15: Life on land:

15.4- By 2030, ensure the conservation of mountain ecosys-
tems, including their biodiversity, in order to enhance their
capacity to provide benefits that are essential for sustaina-
ble development

15.5- Take urgent and significant action to reduce the degra-
dation of natural habitats, halt the loss of biodiversity and,
by 2020, protect and prevent the extinction of threatened
species

15.6- Promote fair and equitable sharing of the benefits aris-
ing from the utilization of genetic resources and promote
appropriate access to such resources, as internationally
agreed

15.8- By 2020, introduce measures to prevent the introduc-
tion and significantly reduce the impact of invasive alien
species on land and water ecosystems and control or eradi-
cate the priority species

15.9- By 2020, integrate ecosystem and biodiversity values
into national and local planning, development processes,
poverty reduction strategies and accounts

15.A- Mobilize and significantly increase financial resources
from all sources to conserve and sustainably use biodiversity
and ecosystems

15.C- Enhance global support for efforts to combat poaching
and trafficking of protected species, including by increasing
the capacity of local communities to pursue sustainable live-
lihood opportunities

-SDG 17: Partnerships for the goals:

17.6- Enhance North-South, South-South and triangular re-
gional and international cooperation on and access to sci-
ence, technology and innovation and enhance knowledge
sharing on mutually agreed terms, including through im-
proved coordination among existing mechanisms, in particu-
lar at the United Nations level, and through a global technol-
ogy facilitation mechanism

17.7- Promote the development, transfer, dissemination and
diffusion of environmentally sound technologies to develop-
ing countries on favourable terms, including on concessional
and preferential terms, as mutually agreed

17.16- Enhance the global partnership for sustainable devel-
opment, complemented by multi-stakeholder partnerships
that mobilize and share knowledge, expertise, technology
and financial resources, to support the achievement of the
sustainable development goals in all countries, in particular
developing countries

17.17- Encourage and promote effective public, public-pri-
vate and civil society partnerships, building on the experi-
ence and resourcing strategies of partnerships
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