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Summary

Global sustainability is an issue of urban sustainability since cities have become
the primary human habitat. Urban settlements represent only 2.7% of the world’s
land area. However, the world’s cities use over 75% of the world’s resources, and
they are responsible for 80% of greenhouse gas emissions. For this reason, it is
necessary to define concepts and strategies in order to reduce the city’s use of
natural resources and production of wastes while simultaneously improving its
livability, so it can better fit within the capacities of the local, regional and global
ecosystems in a framework of social equity and welfare.

This dissertation is based on the application of several tools and approaches,
many of them derived from the discipline of industrial ecology, to the urban
environment and, in particular, to neighbourhoods. Industrial ecology is based
on the analogy between natural and industrial systems, and consists of a
systematic and integrated way by which an industrial system (i.e. a city, a region)
is viewed not in isolation from its surrounding systems, but in concert with them.

Ecodesign presents itself as one of the key tools in the move towards more
sustainable settlements. Its application in a new neighbourhood in Barcelona has
presented the opportunity to discuss and implement several concepts essential to
urban sustainability (i.e. urban metabolism, self-sufficiency of resources, land use
mixticity, multifunctionality, compactness). Besides, several opportunities and
constraints in the process of urban ecodesign have been identified.

Then, the concepts of urban metabolism and self-sufficiency are explored in more
detail in the following chapters. Thus, an assessment of the energy and water
flows in two commercial neighbourhoods (retail parks) is presented. From this, a
set of environmental indicators for monitoring is obtained. Besides, the role of
urban form in energy consumption and in the urban water cycle is discussed.

The research on urban water flows arises two specific questions regarding
rainwater harvesting strategies, which are dealt with in two specific chapters.
The first one is about the potential of rainwater harvesting of different kind of
roofs (both in quality and quantity terms); and the second one is about the
economic performance of rainwater harvesting systems in dense neighbourhoods.

In addition, several practical examples of the application of some of the concepts,
strategies and tools arisen along the research are presented. This results in a set
of key methodological ideas that are expected to facilitate a transition towards
urban sustainability. These ideas are the importance of acting at an early stage of
the design, the need to monitor and assess the performance of the
neighbourhood along its life cycle, the requirement of an interdisciplinary team
with sufficient understanding of the local context, the incorporation of several
essential concepts in the design of neighbourhoods and cities in general (land use
mixticity, high-density of the built-up area, urban metabolism and self-
sufficiency) and access to information and criteria for urban ecodesign. The
consideration of this set of ideas will be useful in the move towards urban
sustainability.
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Conservation and Efficiency in the Service Sector. In ‘Energy and
Buildings: Efficiency, Air Quality and Conservation’. Ed. JB Utrick. Nova
Science Publishers. ISBN: 978-1-60741-049-2. pp. 421-431.

e Gasol CM, Farreny R, Gabarrell X, Rieradevall J (2008) Life cycle
assessment comparison among different reuse intensities for industrial
wooden containers. International Journal of Life Cycle Assessment, 13:421-431.

e Farreny R, Oliver-Sola J, Lamers M, Amelung B, Gabarrell X, Rieradevall J,
Boada M, Benayas ] (2010) Carbon dioxide emissions of Antarctic tourism.
Accepted with revisions in Antarctic Science.

e Escuder-Bonilla S, Roca-Marti M, Farreny R, Oliver-Sola ], Gabarrell X,
Rieradevall J. The ecology of cultural services. Energy and water flows in
museums. Submitted on February 2010 to Journal of Cleaner Production.

Structure of the dissertation

The structure of the dissertation is organised into six main parts and ten chapters.
For clarity, the structure of the thesis is further outlined in Figure A. This flow
chart can be used throughout the reading of this manuscript as a dissertation map.

Part 1. Introduction and framework

Part I is composed of two chapters. Chapter 1 sets out an introduction to the
topic of urban sustainability and explains the importance of urban settlements in
the achievement of this. Furthermore, it presents the concept of urban
metabolism and highlights its role in understanding how urban settlements
interact with the environment. In particular, the importance of energy and water
flows is presented, since urbanisation processes and the eventual urban form
condition them. Next, industrial ecology is presented as a discipline that may be
helpful in the assessment of the sustainability of urban settlements and to define
the pathway to achieve this. Finally, the motivation of this dissertation is
presented, and the objectives are enumerated. Chapter 2 presents the systems of
study considered throughout the research and describes the methodology
applied, which is divided into sustainability assessment tools and field and
laboratory works.
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Part I1. The ecodesign of urban settlements

Part II is, in terms of scope, the broadest piece of research in the dissertation. It is
composed of one chapter. Chapter 3 [Transition towards sustainable cities:
opportunities, constraints and strategies in the planning of sustainable neighbourhoods.
A case study in Barcelona] sets the context for the research, by providing an
example of ecodesign and planning of a real neighbourhood. From this case
study, a set of opportunities and constraints in the transition towards sustainable
cities has been identified. Among these, the lack of environmental data and
criteria for the city ecodesign is highlighted. For this reason, the following
chapters carry out an in-depth study of several aspects related to the energy and
water vectors. Chapter 3 includes an addendum in which the ecodesigned
planning proposal for the case study neighbourhood is briefly described.

Part I111. Energy flows and indicators in urban areas

Part III focuses on the flows of energy in urban systems. It is composed of one
chapter. Chapter 4 [Energy intensity and greenhouse gas emission of a purchase in the
retail park service sector: An integrative approach] presents the energetic metabolism
of a particular urban subsystem: a retail park. This chapter is useful, on the one
hand, to define environmental indicators for the retail sector (energy intensity
and greenhouse gas emissions), and on the other, to highlight the role of urban
form in energy consumption (the role of transportation compared to the
stationary energy demand of buildings).

Part 1IV. Water flows and indicators in urban areas. A focus on
rainwater harvesting

Part IV focuses on the flows of water in urban systems and in particular on
rainwater flows. It is composed of three chapters. Chapter 5 [Indicators for
sustainable water management in urban systems: case studies of retail parks in Spain and
Brazil] presents the water metabolism of the same previous retail park, and it
compares it to another retail park located in a different context in terms of
climate and economic development. This chapter is useful to define an indicator
of water intensity, and to provide an indicator of potential water self-sufficiency
by means of rainwater harvesting. The definition of this indicator raises several
questions regarding the effects of roof selection on rainwater harvesting, as well
as the financial implications of the necessary infrastructures, which will be the
focus of the following chapters.

Chapter 6 [Roof selection for rainwater harvesting: quantity and quality assessment in
Spain] deals with the estimation of the runoff coefficient of four different roofs,
which is a parameter included in the calculation of the potential water self-
sufficiency indicator. In addition, it presents the roof runoff quality results of an
experimental campaign on the set of roofs.

Chapter 7 [Cost-efficiency of rainwater harvesting in the (re)design of Mediterranean
neighbourhoods] presents the economic assessment of four different strategies of
implementing rainwater harvesting in dense Mediterranean neighbourhoods.

XVI



Part V. Transfer of knowledge

Part V is composed of one chapter. Chapter 8 [Towards a transition] reflects on the
results of chapters 3 to 7, and shows how they result in a set of key
methodological ideas to be incorporated in the process of urban ecodesign with
sustainability in mind. This chapter presents how these ideas have been applied
in several ecoinnovation projects developed by the author in parallel to the
dissertation.

Part VI. General conclusions and future actions

Part VI concludes the dissertation. It consists of two chapters. Chapter 9 provides
the general conclusions from the research presented thus far. In Chapter 10 some
ideas for further work are outlined.

[Note: Each chapter from 3 to 7 presents an article —either published or in review-. For this
reason, an abstract and a list of keywords are presented at the beginning of the chapter,
followed by the body of the article].
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Chapter 1.

INTRODUCTION
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Chapter 1 presents an overview of the concept of sustainable development.
Furthermore, it presents the role of urban settlements as a cornerstone for
sustainability and highlights the approach of urban metabolism, in particular,
regarding energy and water flows. Then, it presents the framework of industrial
ecology, which is the base of some of the tools used in this dissertation. Finally, it
presents the motivation of the dissertation and enumerates its objectives.

This chapter is structured as follows:
e Urban settlements as a cornerstone for sustainability
e Energy and water flows in urban areas
e Overview of the industrial ecology framework
e Motivation of the dissertation

¢ Objectives of the dissertation
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1.1. Urban settlements as a cornerstone for sustainability

1.1.1. The sustainability concept

The global sustainability movement was initially launched by two documents:
the Club of Rome’s Limits to Growth [1] and the Brundtland Commission’s Our
Common Future [2]. It was this latter institution, the World Commission on
Environment and Development, that coined what has become the most
frequently quoted definition of sustainable development as:

‘development that meets the needs of the present without compromising the
ability of future generations to meet their own needs’.

After these documents, the popularisation of the sustainability agenda and
debate was achieved with the first global gathering related to sustainable
development, the 1992 United Nations (UN) Conference on Environment and
Development, also named the Rio Earth Summit [3].

At its core, the concept of sustainable development is about reconciling
“development” and “environment.” Development, i.e., the meeting of people’s
needs, requires the use of resources and involves the generation of wastes. The
environment has finite limits of many resources and of the capacity of
ecosystems to absorb or break down wastes or render them harmless at local,
regional, and global scales [4].

The field of sustainable development can be conceptually broken down into three
constituent parts (Figure 1.1): environmental sustainability, economic
sustainability and social sustainability [5]:

e Economic: An economically sustainable system must be able to produce
goods and services on a continuous basis, to avoid extreme sectorial
imbalances which damage agricultural or industrial production and to
ensure a fair distribution and efficient allocation of our resources.

e Environmental: An environmentally sustainable system must maintain a
stable resource base, avoiding over-exploitation of renewable resource
systems or environmental sink functions, and depleting non-renewable
resources only to the extent that investment is made in adequate
substitutes. This includes the maintenance of biodiversity, atmospheric
stability, and other ecosystem functions not ordinarily classed as
economic resources.

e Social: A socially sustainable system must achieve fairness in distribution
and opportunity, adequate provision of social services including health
and education, gender equality, and political accountability and
participation.
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Environment

Figure 1.1. The three spheres of sustainable development. Only when all of them are
fulfilled can we discuss sustainability.

Although the basic idea behind the concept is quite clear, many authors believe
that the term ‘sustainable development’ is value-loaded and thus multi-
interpretable. Campbell [6] argues that the concept can have no teeth: it is so
malleable as to mean many things to many people without requiring
commitment to any specific policies. The more practical question is whether
sustainability is a useful concept for planners. The goal of sustainability may be
too far away and holistic to be operational: that is, it may not be easily broken
down into specific, short-term steps [6]. In any case, it seems that sustainability
needs to be reinvented continuously and should be treated as an opportunity
rather than a constraint [7].

It is probably true to say that the major environmental battles of the past were
fought outside cities, but the awareness of the need to include cities in the global
sustainability agenda is now universally recognised by environmentalists,
governments and industry [8]. As early as in 1992, Yanarella and Levine [9]
suggested that, from a global perspective, we will never begin to implement the
sustainability process unless we can relate it to cities. They argued that
sustainable development strategies need sustainable cities as nodal points and
models of coherent and integrated sustainable development. In this same vein,
Harper and Graedel [10] stated that it is in cities where the concept of
sustainability must in the long term succeed or fail.

After this, the recognition of the role of cities and sustainable development has
been expanding, to the extent that members of the Intergovernmental Panel on
Climate Change have identified urban development as a priority for
environmental sustainability during an era of unprecedented anthropogenic
climate change [11].
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Concerns about urban sustainability

The recognition of the importance of the urban environment by all related actors
has led to a series of global summits and urban sustainable development
initiatives over the course of the last years [12]. In 1976, the UN held its first
global conference on human settlements: Habitat I in Vancouver, Canada. At that
time, there was still hope that rapid urban growth could be mitigated or even
diffused and the conference drew international attention to problems in all kinds
of settlements, both rural and urban [13]. In 1992 the Rio Earth Summit resulted
in Agenda 21, that outlined guiding principles on urban sustainability; this
included strategies for sustainable energy and transport, shelter for all,
conservation of historical and cultural heritage, combating poverty, community
empowerment, promoting local labour and responsible fiscal policies [3].
However, the first time that the issues related to cities’ living environment were
clearly brought to the core of the global environmental agenda was in 1996, at the
UN Habitat II summit that took place in Istanbul [12]. Habitat II focused on the
urbanisation process itself, as cities and towns already accommodated the
majority of the world’s population [13]. Moreover, this was the first UN
conference where city representatives, and not solely heads of states, were
invited to deal with the problems of an urbanising world. The outcome was the
Habitat Agenda, a programme similar to Agenda 21, calling for adequate shelter
and sustainable human settlements for all, aimed at nation states, but with a
designated role for cities and local authorities [3].

Six years later, in the Johannesburg World Summit on Sustainable Development,
there was a special focus on local and urban environments in addressing global
sustainability, as an aftermath of Habitat II. The two previous documents on local
scale were brought to the fore and the formulation of a local development agenda,
the Local Agenda 21, was initiated. Furthermore, a new action agenda was
created; WEHAB, which stands for water, energy, health, agriculture and
biodiversity [3].

Another relevant initiative is the World Urban Forum (WUF), a biannual global
forum on cities, that started in 2002 in Nairobi, Kenya (its last session took place
in 2010 in Rio de Janeiro, Brazil). The WUF was established by the UN to examine
rapid urbanisation and its impact on communities, cities, economies and policies,
through the promotion of open dialogue between a wide range of partners [3].

Other numerous projects and initiatives related to sustainability on the local or
regional level have appeared since. For example, the World Bank recently
launched the Eco?Cities Program [14] and the World Bank’s urban and local
government strategy [15].

At the European level, the European Sustainable Cities and Towns Campaign
was launched at the end of the First European Conference on Sustainable Cities
and Towns which took place in Aalborg, Denmark in 1994. The Conference
adopted the Aalborg Charter [16] which provides a framework for the delivery of
local sustainable development and calls on local authorities to engage in Local
Agenda 21 processes. Nearly 2000 local authorities in Europe participate in the
Campaign. The Sustainable Cities and Town Campaign seeks to help local
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governments across Europe to make mainstream sustainability best practice and
to bring about change through the implementation of the Aalborg Charter and
Aalborg Commitment.

The European Commission also launched the Green Paper on the Urban
Environment [17], and the European Thematic Strategy on the Urban
Environment [18] which aimed to contribute to improving the quality of the
urban environment, making cities more attractive and healthier places to live,
work and invest in, and reduce the adverse environmental impact of cities on the
wider environment, for instance as regards climate change.

In 2008, the European Commission launched the Climate and Energy Package.
Afterwards, the Covenant of Mayors was first signed in 2009 as a commitment by
signatory towns and cities to go beyond the objectives of the European Union
(EU) energy policy in terms of reduction in carbon dioxide (CO2) emissions
through enhanced energy efficiency and cleaner energy production and use. The
covenant cities committed to reducing their CO: emissions by 20% by 2020, as a
result of a 20% increase in energy efficiency and a 20% share of renewable energy
sources in the energy mix [19].

Other examples of international strategies for the urban environment are the
'International Council for Local Environmental Initiatives (ICLEI), founded in
1990 and renamed as ‘ICLEI - Local Governments for Sustainability’. It is an
international association of local governments as well as national and regional
local government organisations which are committed to sustainable development.
ICLEI provides technical consulting, training, and information services to build
capacity, share knowledge, and support local government in the implementation
of sustainable development at the local level. Their basic premise is that locally
designed initiatives can provide an effective and cost-efficient way to achieve
local, national, and global sustainability objectives [20]. Actually, it is widely
argued that local governments in most countries are the most appropriate focal
point for coordinating and implementing environmental policies [21]. As a result,
national-level policies are increasingly being supplemented with city-scale
actions to mitigate climate change [22].

1.1.2. Cities and the environment

The history of cities is the starting point for an understanding of the relationships
between cities and the environment. It began in the fourth millennium BC as the
tirst civilizations started to emerge in the fertile plains and valleys of the Nile, the
Indus, and the Tigris and Euphrates. The conventional view on the formation of
cities links this to technological conditions; namely, the beginning of food
cultivation and agricultural production that resulted in the concentration of
people in the most fertile lands [23]. The development of agriculture eventually
produced a surplus and made it possible to sustain a higher population density
while also freeing up some members of the community for craftsmanship and the
production of nonessential goods and services. Their economic base in
agriculture (supplemented by trade) and their political-religious institutions gave
cities an unprecedented degree of occupational specialisation and social
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stratification. The ‘city” increasingly became the dominant social form, spreading
its influence into the surrounding countryside [24].

Warka (also named Uruk), lying in the potentially rich farmland of the lower
Tigris and Euphrates, was probably the first such city. Like all the cities that were
to follow, Warka was to grow, develop, and then decline [24]. This evolution can
be explained by the fact that these cities literally ‘ate” their hinterland, ultimately
bringing about their own demise [13]. After Warka, other cities such as Athens
and Rome emerged and dominated their contemporary age [24]. Rome was
Europe’s greatest Ancient city, accommodating a million people by AD100.

The relationships between cities and their outer environment may be exemplified
by the following quotation from Girardet [25], who examined the demands
which cities place upon soil fertility and other natural resources and their
environmental outputs in the form of solid wastes and air pollutants:

‘Ancient Rome, at the height of its power, obtained much of the grain needed to
feed its citizens from North Africa. Its freight ships crisscrossed the
Mediterranean laden with the produce of its colonies. As its own land grew
tired, and ever more farmers were turned into soldiers, the insatiable appetite
of the metropolis could be met only with foodstuffs grown, or robbed, further
and further afield’.

This quotation is a good example of the pressure that cities, from their origins,
exert on the outer areas, due to the concentration of the demand of resources
(food, timber, water, fuels, minerals...) together with a limited supply within
their territory. The Romans neglected their own local agriculture and the city was
forced to import food from across its empire [13]. The impact of the first cities
was largely confined to forests (extraction of timber and firewood), soil (removal
of nutrients, erosions, and salination) and water (long range aqueducts, sewage
disposal). However, contemporary cities have a much more complex metabolism
than their ancient predecessors like Babylon, Carthage, Athens or, indeed, Rome.

After the fall of Rome and its centralised empire a new decentralised Europe
emerged. Its mainly rural towns grew out of the fertility of local forests and
farmland, which their inhabitants strove to keep productive. Like Chinese cities,
Europe’s medieval towns were rather sustainable urban systems. Many were
‘free cities” under the control of the citizens rather than of the feudal overlords.
Thousands of towns and cities built in the Middle Ages still exist today. Medieval
towns were, above all, market towns, with traders and producers selling their
wares. Long-distance trade also played a major role in many medieval cities,
which led to the growth of several supreme trading cities such as Constantinople
or Venice [13].

The subsequent age of the Renaissance put the aristocracy back in charge. It also
reinstated ancient ideas of urban grandeur. In the early modern age, Europe's
larger capitals benefitted from the growth of commerce following the emergence
of Atlantic trade [13].

Since the 18" century Europe and North America have experienced an urban
boom as a result of the Industrial Revolution and global trade. With the



Part | Introduction and framework

development of steam engines, Britain had a technological lead that contributed
to its economic and urban growth. By the late 18" century, London had become
the largest city in the world with a population of over one million. The growth of
modern industry led to massive urbanisation and the rise of new great cities, first
in Europe and then in other regions, as new opportunities brought huge numbers
of migrants from rural communities into urban areas [13]. Many industrial cities
grew and became dense urban settlements characterised by their unhealthy and
polluted environment.

Ever since then, efforts have been made to counter unplanned and disorderly
urban sprawl with coherent planning concepts, to turn settlements into ‘orderly’
places. But all over the world cities have tended to defy rational planners,
sometimes spreading uncontrollably, driven by the engine of industrial growth.

Today, megacities are feeding off a global hinterland. Urban growth, a trend that
started in Europe and America, is now gripping the world and it is centred on
developing countries. This phenomenal urban growth symbolises the aspirations
for financial and economic power of their elites and the determination of their
populations, against all the odds, to develop “urban’ living standards [13].

An urban world

Cities have become the primary human habitat. Urban settlements represent only
2.7% of the world’s land area [26]. However, the world’s cities use over 75% of
the world’s resources [27], they are responsible for 75% of the world’s energy
consumption (consuming both direct and indirect energy embodied in key urban
materials such as food, fuel, concrete, water supply, etc.), and 80% of greenhouse
gas (GHG) emissions [28] (Figure 1.2).

80% GHG emissions

75% world resources

50% population

Figure 1.2. Representation of the role of cities in terms of land occupation, population
concentration, consumption of resources and GHG emissions.
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In addition, cities consume large amounts of water. In Europe, the total water use
for urban purposes amounts for 18 % of total abstraction and 44 % of its
consumptive uses (total abstraction excluding water use for energy production)
[29]. The percentage of water abstracted for urban purposes at worldwide level is
smaller, and could be estimated at approximately 10% [30]. Despite representing
a reduced percentage of total water abstractions, water inputs to urban areas are
expected to present high quality standards (i.e. drinking water guidelines) in
contrast with water used for other purposes such as agriculture. Thus, they may
require intensive treatment and infrastructures to achieve such quality standards.

This is the result of a rapid process of urban growth, the magnitude and speed of
which are an unprecedented phenomenon in the history of the world [31].
Frenetic urbanisation is taking place globally - not only in the form of urban
sprawl, as in North America and Europe -, but also through the construction of
new cities, with China as a striking example [12].

The ecological consequences of urbanisation extend far beyond city boundaries,
as urban residents rely on the extraction, transfer, and delivery of food, water,
and energy from large source areas [32]. This trend toward urbanisation will lead
to important but as of yet poorly understood impacts on the global environment
[33], for which there is a necessity for a sustainability transition [34].

The metabolism of cities: understanding the pressure of urban
settlements on the environment

Urban systems are open and interactive, constantly exchanging energy and
materials with the natural environment (Figure 1.3). As such, they are not only
connected to systems in the immediate hinterland, but have connections, in an
ecological sense, with regions at national and global levels [12]. The urban
environment is an open, dependent system, which necessarily interacts with the
environments and economies of the city’s hinterland, a hinterland which has
become increasingly global rather than regional [21].

Figure 1.3. The metabolism of a city can be compared to a large animal grazing in its
pasture. Just like the beast, the city consumes resources, and all this energy and matter
eventually passes through to the environment again. Source: [32].
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Urban centres are characterised by their routine use of energy as a driving force
for power production, transportation of goods, construction of buildings and
infrastructure, as well as for domestic comfort. Urban areas also import large
volumes of clean water to cater for the water needs of their increasing
populations; and produce large volumes of wastewater and stormwater that,
together, are quickly evacuated, decontaminated and disposed of, usually away
from the cities [35]. Their vast energy and material demands do not allow cities
to be self-regulating without maintaining stable links with the hinterland from
which they draw energy, food and materials and into which they release their
wastes [12].

The impact of cities —and urban design- on the global climate is becoming
increasingly important [36]. The footprint of a city can extend worldwide in
terms of both the resources and other elements that flow into the city and of what
the city transmits to the outside —people, products, waste, materials, pollution,
heat loss, etc. [31]. Environmental problems arising from urban activities are not
only associated with urban production and consumption patterns, but with a
city’s infrastructure, planning, buildings and transport systems [37]. The
consequences of these environmental problems are not limited to having an
impact on a city’s immediate and surrounding environment, but they also have
regional and global effects [12].

Forty-five years ago, in the wake of rapid urban expansion, Wolman published a
pioneering article on the metabolism of cities [38] applied to a hypothetical
American city of one million people. Since Wolman’s work, a handful of urban
metabolism studies have been conducted in urban regions around the globe [39].
One of the earliest and most comprehensive studies was that of Brussels, Belgium,
by the ecologists Duvigneaud and Denaeyer-De Smet [40]. Figure 1.4 shows a
diagram of the input and output flows of the city of Brussels. Without being
necessary to look at the figure in detail, the interrelated flows into and out of the
city are useful for exemplifying the concept of urban metabolism and its
complexity.

12
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Figure 1.4. The urban metabolism of Brussels, Belgium in the early 1970s. Source: [40].

The metabolic requirements of a city can be defined as all the materials and
commodities needed to sustain the city’s inhabitants at home, at work and at
play [38]. The analysis of the metabolism provides suitable numbers to begin
assessing strategies and technologies for reducing inputs and closing metabolic
loops. Thus, urban metabolism has been established as an appropriate approach
for assessing the sustainability of cities [41].

A conclusion from these studies is that the metabolism of cities has increased
dramatically in recent decades [39]. Besides, it is broadly accepted that the linear
processes by which cities transform environmental resources into waste products
disrupt the planet’s life support systems [25]. For this reason, a priority of urban
sustainability should be “...re-designing urban metabolism by “closing the circle’ to
make it truly compatible with the process of the living world...” [25]. If cities are to
become sustainable, they must reduce their use of all resources and decrease
their waste outputs, by changing to a circular metabolism (Figure 1.5).

13
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Figure 1.5. Linear vs circular. Modern cities in many rich countries have a linear
metabolism -taking resources and discarding wastes without much concern about
environmental impacts. Sustainable cities, by contrast, need to mimic the circular
metabolism of natural systems. Source: [42].

1.1.3. The sustainable city: concept and strategies

Although the term ‘sustainable city’ is value-loaded and thus multi-interpretable,
it could be characterised as a more balanced development of the social-cultural,
economic and environmental domains of a city and its surrounding area [43]. A
sustainable city means an urban region for which the inflows of materials and
energy and the disposal of wastes do not exceed the capacity of its hinterlands
[39]. Thus, it means a reduction of the city’s use of natural resources and
production of wastes while simultaneously improving its livability, so it can
better fit within the capacities of the local, regional and global ecosystems [8] in a
framework of social equity and welfare [44].

The realisation of a sustainable and liveable city requires both an integrated
planning and decision-making framework and a fundamental shift in traditional
values and perspectives [27]. Furthermore, sustainable design principles have to
trickle down to local planning and development regulations, which has not
happened yet [45].

14



Part | Introduction and framework

A focus on urban design and neighbourhoods

Despite much research being focused on the need for more sustainable design on
the city scale, Engel-Yan et al. [46] suggest that the focus should be on the design
of sustainable neighbourhoods. They argue that many of the problems
encountered at the macro-city scale are in fact cumulative consequences of poor
planning at the micro-neighbourhood level. For this reason, they point out that
neighbourhood-scale analysis is necessary to evaluate and develop more efficient
and sustainable local urban infrastructure, including buildings, transportation,
urban vegetation, and water supply, wastewater, and stormwater systems.

Environmental concerns need to be more effectively addressed in the design
process to reduce the environmental impacts associated with a product during its
life cycle [47]. This is important since most impacts of a product (in this case, the
neighbourhood) are determined in the early stages of design. In this regard,
better urban design represents an important yet undervalued opportunity, which
fortunately falls well within the reach of local governments and leaders [36].

On the other hand, it is relevant that a significant proportion of all new projects
considered in developed countries consist of neighbourhood-scale developments
(i.e. see [45]). Therefore, it seems appropriate to consider neighbourhoods as a
basic unit of analysis and design of urban settlements.
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1.2. Energy and water flows in urban areas

Three consumables —water, food, and fuel- are perhaps the most important
materials imported into urban systems [48]. Of these, this dissertation will focus
on energy and water due to the following:

e Energy is a scarce resource. Modern industrial societies are completely
dependent on fossil fuel energy resources, which are limited and rapidly
depleting [49].

e Water is a scarce resource. Water is an essential resource for life and good
health. Globally, the problem of water scarcity is worsening as cities and
populations grow, and the need for water increases in agriculture,
industry and households. Observational records and climate projections
provide abundant evidence that freshwater resources are vulnerable and
can potentially be strongly affected by climate change, with wide-ranging
consequences for human societies and ecosystems. In particular, it seems
that current water management practices may not be robust enough to
cope with the impacts of climate change on water supply reliability and
flood risk, among others [50].

e Furthermore, the flows of energy and water in urban areas are strongly
influenced by certain urban characteristics (i.e. urban density,
compactness or imperviousness) that may be established during the
(re)design of urban settlements (Figure 1.6).

Energy

URBAN
SYSTEM

conditioned by

Water

Figure 1.6. Energy and water flows within the city are conditioned by the
characteristics of the urban system.

1.2.1. Energy and urban settlements

The role of energy and energy scarcity

In order to provide urban populations with the myriad of services demanded,
cities need large amounts of energy. Clearly, over the past century or so we have
created a way of life based on mining and consuming fossil energy resources in
vast and increasing quantities. Our food and transportation systems have become
utterly dependent on growing supplies of oil, natural gas, and coal [49].
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The importance of energy can be expressed by means of the following quotation,
from the economist Schumacher in 1973 [51]:

‘There is no substitute for energy. The whole edifice of modern society is built upon
it... It is not ‘just another commodity” but the precondition of all commodities, a
basic factor equal with air, water, and earth’.

Industrial civilisation is based on the consumption of energy resources that are
inherently limited in quantity [49]. Energy supply can be considered one of the
main challenges facing modern societies, since most of the environmental
problems confronting mankind today are linked to energy use in one way or
another [52]. Evidence suggests that oil will become increasingly scarce and
expensive, and no replacement can be supplied at a level that will meet the
projected future demand [53]. For this reason, it is urgent to look for strategies
that reduce the energy consumption of current urban patterns and layouts.

Energy flows in cities

Energy flows are an essential aspect of the sustainability of urban systems. In
general, as cities grow, the flow of energy and material through them increases.
This occurs through human socioeconomic activities of transforming and
transferring food, goods, energy, and services [48].

The consumption of energy in buildings and in transport systems is directly
affected by urban planning [54] (Figure 1.7), which is able to configure a certain
urban form. In this context, urban form may be defined as the spatial
configuration of fixed elements within a metropolitan region. This includes the
spatial pattern of land uses and their densities as well as the spatial design of
transport and communication infrastructure [55]. The spatial organisation of a
city and its infrastructure affect the resources needed to support the city’s human
activities and thus the city’s level of environmental pressure on the regional and
global environment [56].

URBAN PLANNING ENERGY DEMAND
Urban form - Transportation
2
Building specifications Buildings

Figure 1.7. Urban planning directly affects the energy demand of urban systems.
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Previous research has shown that transportation energy use is inversely
correlated with urban population density [57, 58]. Figure 1.8 shows the
relationship between urban density and energy used in transport. Travelling
behaviour is affected by land use factors such as density, mix of uses,
connectivity, parking availability, transit quality and accessibility [59]. In denser
urban areas, trip origins and destinations are closer; driving disincentives are
greater; and alternative modes of travel are more common [36].

Figure 1.8. Transport energy vs. urban density for a selection of major cities. Source:
[54].

Improving city layouts and transportation networks could reduce carbon
emissions. However, the role of urban form is often neglected in the debate of
how to reduce GHG emissions. Urban form can also influence non-transportation
CO: emissions, for example, via district-scale building thermal management;
availability of local food and products, and CO: contained in roads, buildings,
and other infrastructure [36].

On the other hand, urban planning sets out certain specifications for the
construction of buildings, which may condition their energy demand. For
example, building forms may be planned in such a way as to enable natural
ventilation and daylight penetration as a means of reducing energy demands.
Furthermore, their solar potential is largely affected by the presence/absence of
obstructions and also because of planning constraints on orientation [54].

Therefore, urban planning and urban form can have a significant impact on
energy use, particularly the housing and transportation sectors [60], although it
does not determine the flows of energy completely [55].
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1.2.2. Water and urban settlements

Water is an indispensable resource for life and for the development of
humankind. The history of human civilization is entangled with the history of
the ways in which humans have learned to manipulate and use fresh water [61].

The role of water and water scarcity

Different recent international forums have clearly noted that water will be one of
the central issues of the 21t century in the globe, and thus the life of billions of
people will depend on its wise management. Water is an essential and basic
human need for urban, industrial and agricultural use and has to be considered
as a limited resource [62].

A quote from Mikhail Gorbachev elucidates the important role of water [63]:

‘Water, not unlike religion and ideology, has the power to move millions of
people. Since the very birth of human civilization, people have moved to settle
close to water. People move when there is too little of it; people move when there
is too much of it. People move on it. People write and sing and dance and dream
about it. People fight over it. And everybody, everywhere and every day, needs it.
We need water for drinking, for cooking, for washing, for food, for industry, for
energy, for transport, for rituals, for fun, for life. And it is not only we humans
who need it; the whole life is dependent upon water for its very survival’.

It is therefore clear that water is a very valuable good: water as a resource is
nowadays comparable to oil; it is essential for all daily human activities.

The urban water demand is escalating as the world population is increasing and
more and more urbanisation is taking place worldwide [64]. Population growth,
industrialisation, urbanisation, agricultural intensification, and water-intensive
lifestyles are placing great stress on freshwater systems, with both water use and
pollution driving the scarcity of useable water. As a consequence, many cities
now draw on freshwater resources from distant ecosystems, as their demand for
freshwater has long exceeded and often destroyed local capacities by
overexploiting groundwater and polluting surface water [65].

Water flows in urban areas

Water remains intrinsically bound up with human development and has been
essential to urban growth processes throughout history [66]. As cities and towns
have emerged, the inherent characteristics of the original land and the
surrounding areas have been altered [67]. This transition in land use has caused a
number of changes directly to the local environment and has had significant
consequences on the local ecosystems [67].

Urban infrastructure has a profound effect on the water cycle [48]. Urban
development increases the imperviousness of an area in the form of roadways,
parking lots, and rooftops. While forested and grass areas allow 70 to 90% of the
rainfall to infiltrate, roofs of houses and other buildings do not allow infiltration.
This is also the case with pathways, driveways, and roads, which allow only a
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small amount of infiltration through cracks and small openings [67]. Thus,
imperviousness has been identified as the greatest single attribute of the built
environment affecting stormwater runoff quantity and quality [68]. The fraction
of precipitation that runs off is a composite of all of the different types of land
surface. As a result, developed areas produce more direct runoff from a site at the
expense of infiltration (Figure 1.9) [67].

WATER BALANCE

Figure 1.9. Change in water balance from land development. Source: [67].

Urban water cycle: water infrastructures in urban areas

An important component of any urban area is the water system, providing water
supply, sanitation, and drainage services to its inhabitants. However, in many
cases, the conventional approach to the provision of these services does not
comply with the more recent aspirations of ecologically sustainable development
[69].

Because of the lack of understanding of the consequences of development, most
of the traditional stormwater control methods have been inadequate for
mitigating the effects of sprawl development. Most stormwater control systems
have been designed to remove and convey runoff from the site as quickly as
possible, notably with curbs, gutters, and storm drains [67]. However,
stormwater runoff has not been generally seen as a potential resource, since in
most developed cities with centralised water supplies, urban rainwater is
conceived as a nuisance, and rainwater is shunted through drain systems out of
the city [70].

In a typical neighbourhood from most developed societies, water flows through
the neighbourhood system following a relatively short, linear path (Figure 1.10).
Water enters the neighbourhood system through a centralised piped water
supply and from precipitation. Drinking water is used both indoor (domestic
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supply, industries and services) and outdoor (irrigation, street cleaning, etc.). The
indoor water supply is converted to blackwater or greywater, which both leave
the neighbourhood through the sanitary sewer system for centralised wastewater
treatment. Water from precipitation and pipe water supply used in outdoor areas
leave the neighbourhood by means of three main ways: (evapo)transpiration,
storage in the sub-soil (it can eventually evapotranspire or reach the stream flow)
or stormwater runoff. This stormwater runoff may leave the system by means of
two ways: a separate stormwater sewer system (as shown in Figure 1.10) or a
combined sewer system, in which foul water and rainwater are transported
together (as occurs in many areas). In this latter case, a great deal of rainwater
from roofs and paved surfaces is added to the sewage via the stormwater drains.
At a broader level, sewage water from the entire city is discharged into the
wastewater treatment plant, where the effluent is emptied into the stream flows.

CENTRALIZED PRECIPITATION
PIPE WATER SUPPLY
(Evapo)
transpiration
NEIGHBOURHOOD
Outdoor supply
Indoor
supply
Buildings
Pervious Impervious
covers covers
Stormwater runoff

Grey Black

water water Infiltration
Greywater reuse
‘v
Stormwater reuse ( Local
p detention
system

CENTRALIZED
WASTEWATER STREAMFLOW | _ _ _ _ _. STORMN A ER

TREATMENT [ — — = — " (ENVIRONMENT)

! !
v v
Reuse? Reuse?

Figure 1.10. Water flows in a typical neighbourhood. Source: Adapted from [46].
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However, water entering and leaving the neighbourhood does not have to follow
such a linear path. As shown in Figure 1.10, there are opportunities for
stormwater and greywater to be reused, after appropriate infrastructures are
installed, to reduce non-potable water demand (i.e. irrigation, toilet flushing,
laundry). In addition, stormwater runoff rates can be reduced through local
stormwater detention systems [46] or through other strategies that reduce the
average runoff coefficient! (RC) of urban areas.

A particular situation that is worth mentioning occurs in the case of combined
sewer systems. In the case of heavy rainfall, the situation occurs that the sewers
are unable to handle the stormwater runoff flow. In this case, sewage-water flows
via the overflows and ends up in the stream flow where the consequences are
eutrophication and algal growth (this is what is known as a combined sewer
overflow). Besides, when the supply of rainwater is large, the wastewater
treatment plant functions less efficiently, so that the quality of the effluent
worsens.

In view of this problem, a progressive although slow awareness of the need to
plan urban sewage systems has emerged, with the aim of properly satistying its
three essential functions (flood prevention, environmental protection of the
receiving waters and sanitary protection of citizens), both in dry weather and in
rainy periods. Furthermore, the potential water savings by means of rainwater
harvesting (RWH) are increasingly recognised. This must be clear in the first
stages of territorial planning, since urbanism will be conditioned by the kind of
water management [71].

Integrated Urban Water Management and Rainwater Harvesting

The emerging paradigm of integrated urban water management (IUWM)
encourages water supply, stormwater, and wastewater to be considered
concurrently as components of the total urban water cycle [72]. IUWM takes a
comprehensive approach to urban water services, viewing water supply,
drainage and sanitation as components of an integrated physical system, and
recognising that the physical system is part of an organisational framework and a
broader natural landscape [69]. The broad range of tools that are employed
within IUWM include (but are not limited to) water conservation and efficiency,
sustainable urban drainage systems (SUDS), utilisation of nonconventional water
sources, stormwater and wastewater source control and pollution prevention,
and non-structural tools such as education and regulations [69].

1 The RC is the ratio of the volume of water that runs off a surface to the volume of water
that falls on the surface.
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SUDS -also known as water sensitive urban design in Australia or low impact
development in the United States- is a philosophical approach to urban planning
and design that aims to minimise the hydrological impacts of urban development
on the surrounding environment. Stormwater management is a subset of SUDS
aimed at providing flood control, flow management, water quality
improvements and opportunities to harvest stormwater to supplement mains
water for non-potable uses.

The increase in pressure on water resources in urban areas, with growing
demand and limited water sources [73], combined with an increased awareness
of environmental issues [74], results in an increased interest in the use of water
resources generated within the urban boundary for potable supply substitution,
as a means of augmenting current supply capacity [75] and reducing peak flows,
annual runoff volume, and the frequency of runoff. Based on these grounds, the
options of RWH should be further explored in our local context.

1.2.3. Interrelations between water and energy

Water and energy are the two most fundamental ingredients of modern
civilization [76]. Because of the interconnection between water and energy, it is
vital to manage them together, rather than in isolation [77]. Energy savings from
water conservation and water savings from energy efficiency are inextricably
linked, and these linkages should be considered when determining the best
course of action from an economic, social or environmental perspective [77].

Woefully underappreciated, however, is the reality that each of these precious
commodities might soon cripple our use of the other. We consume massive
quantities of water to generate energy, and we consume massive quantities of
energy to deliver clean water [76]. A nation’s water and energy resources are
inextricably entwined. Energy is needed to pump, treat, transport, heat, cool, and
recycle water. On the flip side, the force of falling water turns the turbines that
generate hydroelectric electricity, and most thermal power plants are dependent
on water for cooling. The systems of manmade storage, treatment and
conveyance structures require large amounts of energy to deliver quality water
[77].

Many people are concerned about the perils of peak oil -running out of cheap oil.
A few are voicing concerns about peak water. But almost no one is addressing
the tension between the two: water restrictions are hampering solutions for
generating more energy, and energy problems, particularly rising prices, are
curtailing efforts to supply more clean water [76].
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1.3. Overview of the industrial ecology framework

Modern society has largely used materials in a linear way: dig them up, process
them, use them, and discard them [10]. However, conceptual thinking changed in
1989 when Frosch and Gallopoulos [78], wrote an article for Scientific American
entitled ‘Strategies for Manufacturing’. This article essentially constituted the
birth of the field of Industrial Ecology (IE) by comparing the industrial approach
to the use of materials and energy to that of nature [10].

Definition of Industrial Ecology
IE can be defined as [79, 80]:

‘a systematic and integrated way by which an industrial system is viewed not in
isolation from its surrounding systems, but in concert with them. It is a systems
view in which one seeks to optimize the total materials cycle from virgin material,
to finished material, to component, to product, to waste product, and to ultimate
disposal’.

IE is a systemic, comprehensive, integrated view of all the components of the
industrial economy and their relations with the biosphere [81]. In its very essence,
in its broader definition, IE aims to study the ‘flow’ of all resources (material,
energy, forest, human resources, or any other) through an entire identified
socioeconomic system (a town, region, state) with a view to strategically
optimising their use [81, 82].

Objectives of Industrial Ecology

The principal objective of IE is to understand how the industrial society works
(including all aspects of human activity) and what its interrelations with the
biosphere are, with the aim of reorganising the industrial system so that it
evolves towards a mode of operation that is compatible with the biosphere and is
sustainable over the long-term [83]. In this context, the IE approach can be seen
as a practical approach to sustainability [81].

Analogy between traditional ecology and industrial systems: the
metabolism approach

The analogy between traditional biological ecology and industrial systems was
tirst discussed by Frosch and Gallopoulos [84]:

‘In a biological ecosystem, some of the organisms use sunlight, water, and
minerals to grow, while others consume the first, alive or dead, along with
minerals and gases, and produce wastes of their own. These wastes are in turn
food for other organisms, some of which may convert the wastes into the minerals
used by the primary producers, and some of which consume each other in a
complex network of processes in which everything produced is used by some
organism for its own metabolism. Similarly, in the industrial ecosystem, each
process and network of processes must be viewed as a dependent and interrelated
part of a larger whole. The analogy between the industrial ecosystem concept and
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the biological ecosystem is not perfect, but much could be gained if the industrial
system were to mimic the best features of the biological analogue’.

Like traditional biological ecology, IE uses the concept of metabolism to describe
the flows of energy and materials through the socio-economical system. In
biology, metabolism describes the internal process by which an organism ingests
energy-rich materials (food) to sustain its own maintenance and functions, as
well as a surplus to permit growth and/or reproduction. The process also
necessarily involves the excretion or exhalation of waste outputs, consisting of
degraded materials.

Based on the definition of metabolism, industrial metabolism is defined as “the
whole integrated collection of physical processes that convert raw materials and energy,
plus labour, into finished products and wastes in a (more or less) steady-state condition”
[85]. The concept of industrial metabolism serves as a framework to study the
flows of materials and energy in industrial processes and systems. It also means
the existence of limits in the use of natural resources, either imposed by nature,
society or the functioning of the planet [60]. Besides, the ecosystem analogy
draws attention to the differences between urban and wild ecosystems and
provides a framework for addressing urban change [48].

Thus, a central concept to IE is the evolution of the industrial system from a
linear system, where resources are consumed and damaging wastes are
dissipated into the environment, to a more closed system, like that of ecological
systems [47]. This outlines a useful concept for approaching sustainable planning,
introduced by van Leeuwen [86]. Figure 1.11 (left) shows the individual planning
unit or system (i.e. a city, neighbourhood/district or building) as a box with
inward and outward flows which consist of materials, energy and water for
example. The different planning levels can be represented by one box sitting
inside the next bigger one like a Russian doll. So far, this is in accordance with
the traditional planning approach. However, to achieve sustainability, it is
important to go further and to also take responsibility for the processes
happening inside each box. The aim must be to achieve some ‘resistance’” to
incoming flows as well as ‘retention” of outgoing movements. The guiding
principle is to keep things out and to keep things in rather than to flush them
through [86]. Although it will never be possible to keep materials, water or
energy cycles always and completely within one spatial unit, this approach
shows what sustainable planning as a process should work towards.

Figure 1.11. Flows in traditional planning (left side) and in closed-loops planning
(right side). Source: [86].
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1.4. Motivation of the dissertation

The development of strategies and tools for a transition towards urban
sustainability is imperative in the current context of environmental degradation
and economic crisis. Only the understanding of the process of urban ecodesign,
together with the definition of strategies and criteria for the sustainable city can

result in practical and applicable prospects in the short and the long run. Thus, a

new way to approach urban systems is urgent.

This dissertation is motivated by the following realities:

26

The study of urban systems requires a new perspective, more holistic in
scope, which incorporates the IE approach and relates the flows of
materials and energy through the system to the function it provides,
taking into account a life cycle thinking perspective.

It is necessary to explore the neighbourhood scale as the most
appropriate scale of analysis of urban systems. A neighbourhood can be
defined as a district or community within a city, representing its basic
unit. Thus, the aggregation of several neighbourhoods shapes the city and
the whole urban environment. There are many different types of
neighbourhoods (residential neighbourhood, service park, industrial
estate, mixed neighbourhoods, etc.), which may be characterised by very
heterogeneous metabolism patterns. However, given a city or an urban
system, the metabolism within each type of neighbourhood is expected to
vary within a narrower range, differences being attributable mostly to the
era of construction, proximity to the city centre, and other factors. The fact
that most cities are in a continuous state of construction but
neighbourhoods may not be, also points at the neighbourhood scale as
the most adequate for the analysis and implementation of
sustainability strategies. However, studies including the IE approach at
the neighbourhood scale are seemingly absent. Therefore, in the context
of a transition towards urban sustainability, there is a need to develop
research at this intermediate scale.

Current rapid urban growth presents an opportunity to design and plan
neighbourhoods, and urban settlements in general, with sustainability
criteria in mind. The complexity of designing sustainable neighbourhoods
and the singularity of each process and project highlight the need to
develop new methods and approaches to aid in the process of
sustainable neighbourhood design. In particular, the ecodesign
methodology, initially conceived for the design of goods and products,
needs to be adapted to the design of neighbourhoods.
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It is necessary to introduce environmental prevention strategies both in
new urban developments, mostly taking place in regions undergoing
rapid urbanisation processes (i.e. East Asia), and in existing urban
settlements (as is common in Europe, due to stagnation in population
growth and the ageing process of cities). Thus, urban sustainability
concepts need to be incorporated in all kinds of urban settlements (new
and existing ones).

The study of service neighbourhoods is relevant since their metabolism
is largely unknown and has been traditionally overlooked, and also
because the service sector contributes more than 70% to the Gross
Domestic Product in western economies. In particular, the case of retail
parks (RP) requires attention because of their rapid expansion.
Furthermore, RP present a good opportunity to study how their
characteristics (location on the outskirts of urban areas, having high
impervious fractions, etc.) affect energy and water flows in urban
systems. On the one hand, their location entails potentially high energy
demands related to transportation. Thus, two major components affecting
urban energy demand (buildings and transportation systems) need to be
studied. On the other hand, RP involve soil sealing of the territory, which
strongly affects the urban water cycle, increasing peak flows during and
after rainfall events. For these reasons, the assessment of RP can be useful
for the purposes of this dissertation.

There is a need for new environmental indicators related to energy and
water in urban areas (i.e. intensity of resource consumption, self-
sufficiency of resources, environmental impacts) as they can allow us to
better organise, synthesise and wuse information and to provide
performance measurement, reporting and communication to stakeholders
in order to move towards sustainability.

It is imperative to carry out research into the potential of local
endogenous renewable resources (energy, water) in urban areas,
especially given the resource scarcity that current societies are
approaching. In order to do this, it is necessary to understand the energy
and water metabolism of urban systems. Furthermore, there is a need to
develop strategies aimed at local self-sufficiency of resources in order to
reduce external dependence and prevent resource scarcity. With this aim,
indicators can be useful to detect the potential of local resources in urban
systems.
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There is a need to promote non-conventional water sources, particularly
in the current context of water scarcity. Among these sources, little
attention has been given to RWH in Spain, although it presents many
benefits and it is considered an ancient technique that was present in the
region in the past. Besides, inappropriate stormwater runoff
management leads to many problems in urban areas, such as flooding
and stream degradation (mostly due to combined sewer overflows),
particularly in regions with heavy rainfalls concentrated in a short period
of time, such as in Mediterranean-climate regions.

The assessment of the quantitative RWH potential and the quality of
stormwater runoff from several types of roofs is essential in order to set
up criteria for the (re)design of urban systems from the perspective of
sustainable rainwater management. On the one hand, there is a lack of
specific RC for different roof types under diverse environmental climatic
conditions. On the other hand, there is scarce data about roof runoff
quality from Southern Europe, in particular from Spain.

There is a need to assess the cost-effectiveness of the proposed strategies
towards urban sustainability. In this context, it is necessary to provide
economic criteria for the spreading of RWH systems in order to establish
the most adequate scale for them (either at the building level or at the
neighbourhood one) and to compare the financial implications of the
implementation of RWH systems in new neighbourhoods compared to
retrofit actions within existing urban developments, particularly in
densely populated areas.
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1.5. Objectives of the dissertation

The main objective of this dissertation is to develop strategies and tools that
could aid in the transition towards urban sustainable neighbourhoods, paying
particular attention to energy and water. These strategies are thought to be
applicable for urban planning purposes.

In order to achieve this main aim, several goals are outlined:

1.

b

W

To describe the energetic metabolism of a service neighbourhood (RP); to
analyse the intensity of GHG emission deriving from its energy consumption;
to define an indicator of energy intensity as a means of monitoring its
environmental performance; and to assess the energy and environmental
performance of several alternative strategies.

To describe the water metabolism of a service neighbourhood (RP); to
quantify an indicator of water intensity as a means of monitoring its
environmental performance; and to define an indicator of Potential Water
Self-Sufficiency (PWSS) by means of RWH applicable at several scales in
urban areas.

To determine the RC of several common roof types and to determine the
stormwater runoff quality for each roof type in Eastern Spain, in order to
provide criteria for the roof selection in the (re)design of neighbourhoods
and cities in Mediterranean-weather environments.

To evaluate the cost-efficiency of several strategies for urban RWH in
Mediterranean weather conditions, comparing different spatial scales
(building and neighbourhood level) and two implementation times (new
construction areas and existing urban developments).

To apply the methodology of ecodesign to a new residential neighbourhood
and to highlight the most relevant practical opportunities and constraints
found in the process of urban ecodesign, based on a real case study from the
city of Barcelona.

Figure 1.12 shows the focus (energy, water or global) and approach of each goal.

ENERGY

Goal1 metabolism & indicators
Goal 2 metabolism & indicators
Goal3 planning criteria

Goal4 implementation criteria

GLOBAL

Goal5 ecodesign and planning

Figure 1.12. Focus and approach of each goal of the dissertation.
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Chapter 2 presents the main methodological aspects that have been involved in
the development of the dissertation, divided into sustainability assessment tools
and field and laboratory works. In addition, it briefly presents the several case
study systems. Further details will be given in following chapters.

This chapter is structured as follows:
e Systems of study
e Methodological aspects
e Sustainability assessment tools

e TField and laboratory works
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2.1. Systems of study

The research presented in parts II, III and IV is based on a total of 5
neighbourhoods of study: Vallbona, Sant Boi, Sao Carlos, Universitat Autonoma
de Barcelona (UAB) Campus and Primer de Maig. Table 2.1 enumerates the
systems of study and indicates the type of neighbourhood (either residential or
services) and the current stage of the neighbourhood, that is to say, if it consists
of the planning of a new neighbourhood or the assessment/study of a
neighbourhood in operation (existing neighbourhood).

Table 2.1. Systems of study in the dissertation.

#  Name Type of neighbourhood g:;gehbourhood
1  Vallbona neighbourhood Residential Planning

2 Sant Boi retail park Services (commercial) Operation

3 Sao Carlos retail park Services (commercial) Operation

4  Set of roofs in UAB campus Services (educational) Operation

5  Primer de Maig neighbourhood Residential Operation

The main characteristics of these case study areas are summarised next, by means
of a series of schemata (Figures 2.1 to 2.5). Later, in each chapter, more details
about each case study will be provided. Each schema consists of the following
parts:

e Description (brief presentation of the project).

e Aims (brief description of the aims of the project).

e Urban subsystem (description of the type of neighbourhood).
e Duration of the project (in months).

e Location and area of the case study system.

e Image (aerial view of the neighbourhood).

e Main tools used during the project (in accordance with the tools
presented in this chapter, sections 2.3 and 2.4).

¢ Role of the author of the dissertation in the project.

e Motivation of the project (i.e. commissioned by a client, academic
purposes, etc.).

e Participating entities directly involved in the realisation of the project.

e Chapter in which the case study is involved.
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1 Vallbona Neighbourhood

Description

Vallbona is the last piece of territory in Barcelona to be urbanized. The town
council plans to set up a sustainable neighbourhood that will host 2120 dwellings
in this area, which is currently devoted to infrastructures, agricultural land and
degraded/neglected areas.

Aims
To ecodesign and plan a sustainable neighbourhood in this greenfield area.

Subsystem: Residential Neighbourhood Location and Area

Barcelona [Spain]

Duration (months): 15 32.6 Ha .

Image

Main tools* Role of the author

ED MEFA LCA Ind =~ EA FLW Participation in team meetings and

E |:| |:| |:| |:| |:| discussions, edition of sustainability report

Motivation Participating entities Chapter
Commissioned by

Barcelona Regional, SosteniPrA 3
Barcelona City Council arcelona Regtonal, costenitt

*ED: Ecodesign; MEFA: Material and Energy Flow Accounting, LCA: Life Cycle Assessment;
Ind: Indicators; EA: Economic Assessment; FLW: Field and Laboratory Works

Figure 2.1. Main characteristics of the Vallbona neighbourhood case study.
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2 Sant Boi Retail Park

Description

A RP is a group of many single storey retail units typically host to a range of
chain stores, with abundant parking and within the proximity of major roads.
Sant Boi RP is located in the dense metropolitan area of Barcelona and receives
about 4.5 million customers/year.

Aims

To describe the energy and water metabolism and to define a set of
environmental performance indicators.

Subsystem: Commercial Neighbourhood =~ Location and Area

Sant Boi [Spain]
Duration (months): 12 30 Ha :
Image
Main tools* Role of the author
E MI%A L|§|°‘ IIi' IE_—A| EV All tasks within the project
Motivation Participating entities Chapter
PhD thesis Sant Boi RP, SosteniPrA 4&5

*ED: Ecodesign; MEFA: Material and Energy Flow Accounting, LCA: Life Cycle Assessment;
Ind: Indicators; EA: Economic Assessment; FLW: Field and Laboratory Works

Figure 2.2. Main characteristics of the Sant Boi retail park case study.
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3 Sdo Carlos Retail Park

Description
Sao Carlos RP is located in the city of Sao Carlos (Sao Paulo state) and it has a
subtropical humid weather. This RP receives about 2.3 million customers/year.

Aims
To describe the water metabolism and to define a set of environmental
performance indicators.

Subsystem: Commercial neighbourhood ~ Location and Area

Sao Carlos [Brazil] o

Duration (months): 6 7 Ha

Image
Main tools* Role of the author
ED MEFA LCA Ind EA FLW All tasks within the project
|:| Izl |:| IZI |:| |:| (except for data gathering)
Motivation Participating entities Chapter
PhD thesis Sao Carlos RP, Universidade Federal 5

Sao Carlos (UFSCar), SosteniPrA

*ED: Ecodesign; MEFA: Material and Energy Flow Accounting, LCA: Life Cycle Assessment;
Ind: Indicators; EA: Economic Assessment; FLW: Field and Laboratory Works

Figure 2.3. Main characteristics of the Sdao Carlos retail park case study.
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4 Set of roofs in UAB campus

Description

The set of roofs is composed by: clay tiles (CT), pitched metal (M), pitched plastic
(P) and flat gravel (FG) roofs. Thus, the roofs present differences in slope and
roughness. In each roof an experimental design has been installed.

Aims
To assess the RWH potential from different roofs, in quantitative and qualitative
terms.

Subsystem: Educational Neighbourhood Location and Area

Cerdanyola [Spain]
Duration (months): 27 40.6-120 m?/roof :
Image
Main tools* Role of the author
E MEIA Iﬁ E IE__A| %V All tasks within the project
Motivation Participating entities Chapter
PhD thesis UAB, SosteniPrA 6

*ED: Ecodesign; MEFA: Material and Energy Flow Accounting, LCA: Life Cycle Assessment;
Ind: Indicators; EA: Economic Assessment; FLW: Field and Laboratory Works

Figure 2.4. Main characteristics of the set of roofs in UAB campus case study.
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5 Primer de Maig Neighbourhood

Description

The case study area is a social housing neighbourhood built in the sixties. It
comprises 43 buildings with 558 households. Currently, 44.5% of the
neighbourhood is covered by pedestrian areas, 29.0% buildings, 14.7% green
areas and 11.8% trafficked streets.

Aims
To design the infrastructures for RWH and assess their economic performance.

Subsystem: Residential Neighbourhood Location and Area

Granollers [Spain]
Duration (months): 27 2.6 Ha ’

Image

Main tools* Role of the author
ED MEFA LCA Ind EA FLW

HENANANEEN

Motivation Participating entities Chapter

Active participation in the whole project

Commissioned by Adigsa Adigsa, SosteniPrA 7

*ED: Ecodesign; MEFA: Material and Energy Flow Accounting, LCA: Life Cycle Assessment;
Ind: Indicators; EA: Economic Assessment; FLW: Field and Laboratory Works

Figure 2.5. Main characteristics of the Primer de Maig neighbourhood case study.
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2.2. Methodological aspects

The methods and tools applied throughout the dissertation can be grouped into
two groups:

e Sustainability tools
o Material and Energy Flow Accounting and Analysis (MEFA)
o Life Cycle Assessment (LCA)
o Economic Assessment
o Indicators of sustainability
o Ecodesign
e Field and laboratory works
o Quantity assessment
o Quality Assessment

Figure 2.6 presents a diagram showing the methods and tools that are applied in
each chapter. After this, each tool is presented (further details are provided in
each chapter).
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PartI. Introduction and framework

[Chapter 1] [Chapter 2]

Introduction Methodology

PartII. The ecodesign of urban settlements

[Chapter 3]

Urban Ecodesign

1/

Y

criteria & strate gies

\ 4

Part II1. Energy flows and PartIV. Water flows and indicators in urban areas. A focus
indicators in urban areas on rainwater harvesting

[Chapter 4] [Chapter 5]
EFA MFA (WIUA) Water Intensity
) Potential Water Self-Sufficiency
Enerqy Intensity ’ 2,3/
[Chapter 6] [Chapter 7]
LCA
\L Field and laboratory works Economic Assessment
GHG emission intensity & ‘|’ ‘I’
Quanti Qualit NPV, PP
12/ 7 A Y s/

Part V. Transfer of knowledge

[Chapter 8]

Towards a transition

Part VI. General conclusions and future actions

[Chapter 9] [Chapter 10]

Conclusions Future actions

Acronyms (in alphabetical order): EFA: Energy Flow Accounting; GHG: Greenhouse Gas; LCA: Life
Cycle Assessment; MFA: Material Flow Accounting; NPV: Net Present Value; PP: Payback period;
RC: Runoff Coefficient; WIUA: Water Input and Use Accounting.

Case studies (number between slashes): 1-Vallbona, 2-Sant Boi, 3-Sao Carlos, 4-UAB campus,
5-Primer de Maig

Figure 2.6. Overview of the methods used in Parts II, IIT and IV of the dissertation.
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2.3. Sustainability assessment tools

2.3.1. Material and Energy Flow Accounting and Analysis

The MEFA framework is a tool based on the notion of socio-economic
metabolism. It is used to empirically analyse important aspects of the interaction
process between nature and culture in a way that can link socioeconomic
dynamics (i.e. monetary flows, lifestyles or time allocation) to biophysical
socioeconomic stocks and flows and these, in turn, to ecosystem processes [87].

This framework is the primary tool used to understand the metabolic processes
of the anthroposphere, in an attempt to characterise human activity [10]. Within
the system borderline, raw materials (material and energy) will be transformed
into products or groups of products and environmental burdens, ie. air
emissions, waste and wastewater. Depending on the system borderlines,
economic activities can be interpreted as a technical network aimed at producing
goods and services.

Material and energy flow accounts and balances show the amounts of
physical/energetic inputs into a system, material accumulation in the system and
outputs to other systems or back to nature as illustrated by Figure 2.7.

Input System Output
Material/energy
Materials/energy accumulation
domestically
extracted Air emissions,

waste disposal
etc.

Imports
Exports >

Figure 2.7. Scope of MEFA framework. Source: Adapted from [88].

This methodology is well established at the macroscale level (i.e. economies,
countries) but it requires further development and application at the microscale
(i.e. neighbourhood) level.
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Material Flow Accounting and Analysis

Material Flow Accounting and analysis (MFA) is the part of the MEFA
framework that has received most attention [88]. MFA is one of the central sets of
tools and methodologies that IE developed and has been using, along with LCA,
all deriving from metabolic aspects of the analogy to natural systems [89].

MFA is a systematic assessment of the flows and stocks of materials within a
system defined in space and time [90], applicable on a variety of spatial scales
[87]. Thus, it focuses on tracking and quantifying a substance or substance group
as it moves through a system.

MFA can be used as a tool to monitor environmental pressures, contribute to the
integrated environmental and economic accounting, and plan and evaluate
policies for sustainability [12]. A major field of MFA consists of the analysis of the
metabolism of cities, regions, and national or supranational economies,
connecting sources, pathways and intermediate and final sinks of the total
material flows within the system [91].

Water flows represent enormous mass flows in any socioeconomic system with
one order of magnitude more than all other materials. For this reason, these are
not accounted for in national MFA studies [88]; Eurostat’s recommendation is the
drawing up and separate presentation of water flow accounts.

> In chapter 5, the MFA framework is adapted in order to account for the
inputs of water into two case studies at the microscale level (Sant Boi and Sao
Carlos RPs) and also to account for the uses of water.

Energy Flow Accounting and Analysis

Energy flow accounting and analysis (EFA) is part of the MEFA framework,
together with MFA. The basic idea of EFA is to establish an account of
socioeconomic energy flows that uses the same basic concepts and system
boundaries as MFA, with energy instead of matter as the unit of analysis [92].

EFA aims to establish a complete balance of energy inputs, internal
transformations, and energy outputs of a society, or of a defined socio-economic
component. Its target is to assess in energy units (for example, tons of oil
equivalent (TOE)) all inputs and outputs of a socio-economic system. EFA
employs, as far as possible, existing notions and methods of conventional energy
balances in order to trace energy flows through an economy and obtain
indicators for the amount of energy a society is able to harness for its purposes
[92]. EFA can also be applied to supra-national entities, subnational entities such
as economic sectors or cities and regions [87]. EFA provides an important
database for the derivation of a number of energy indicators (intensity of energy
use, energy consumption patterns or energy use of regions) [92-94].
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> In chapter 4, the EFA framework is applied to a case study at the microscale
level (Sant Boi RP). In particular, it is used in order to account for:

e direct energy use in the operation of a RP

e indirect energy use, which refers to the energy used in the transportation
of customers and employees to/from the RP. Here, we use the term
‘indirect’” because it is not within the physical boundaries of the RP.
However, strictly speaking, the EFA framework considers that the term
‘indirect’ flows refers to up-stream resource requirements; in contrast to
direct flows, which refer to the actual weight/energy content of the
products and thus do not take into account the life-cycle dimension of
production chains [91].

2.3.2. Life Cycle Assessment

The Society for Environmental Toxicology and Chemistry (SETAC) defined LCA
as [95]:

‘an objective process to evaluate the environmental burdens associated with a
product, process, or activity by identifying energy and materials used and wastes
released to the environment, and to evaluate and implement opportunities to
affect environmental improvements. The assessment includes the entire life cycle
of the product, process or activity, encompassing extracting and processing raw
materials; manufacturing, transportation and distribution; use, re-use,
maintenance; recycling, and final disposal’.

For such evaluation, it is necessary to compile an inventory of material and
energy inputs and releases to the environment associated with the product at all
stages from the extraction and processing of inputs through the use and eventual
disposal of the product [82]. Then, it is necessary to evaluate the potential
environmental impacts associated with those inputs and outputs and interpret
the results of the inventory and impact phases regarding the initial objective.

This is a methodology that has been well developed at the product and process
scale, but fewer applications have occurred at the micro and macroscales (i.e. the
neighbourhood level).

The LCA community has worked closely with the International Organization for
Standardization (ISO) to produce standards for the LCA framework [96-100]. The
current standard practice of LCA includes four steps [96, 101] (Figure 2.8):

e Definition of the goal and scope of a project. In this step, the goal of the
assessment is stated, which includes the intended application, the reasons
for carrying out the study, the intended audience and whether the results
are aimed to be used in comparative assertions with the intention of being
disclosed to the public. Furthermore, the scope is also stated, which
includes the following items: the product system to be studied; the
functions of the product system or, in the case of comparative studies, the
systems; the functional unit; the system boundary; allocation procedures;
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impact categories selected and methodology of impact assessment, and
subsequent interpretation to be used; data requirements; assumptions;
limitations; initial data quality requirements; type of critical review, if any;
type and format of the report required for the study. The functional unit
is a measure of the function of the studied system and it provides a
reference to which the inputs and outputs can be related. This enables the
comparison of two essential different systems.

Inventory analysis, also known as life cycle inventory, involves data
collection and calculation procedures to quantify relevant inputs and
outputs of a product system (energy and raw material requirements,
atmospheric emissions, waterborne emissions, solid wastes, and other
releases for the entire life cycle of a system). This stage includes the
allocation of flows and releases, since industrial processes normally yield
multiple products that can be recycled or discarded as raw materials.
Such inventory serves as the basis to evaluate the potential human health
and global environmental impacts of the environmental resources and
releases identified during the life cycle of the system.

Impact assessment. The life cycle impact assessment is aimed at
evaluating the significance of potential environmental impacts using the
life cycle inventory results. In general, this process involves associating
inventory data with specific environmental impact categories (such as
climate change, ozone depletion, human toxicity, ecosystem toxicity, and
biotic resource depletion) and category indicators, thereby attempting to
understand these impacts. The challenge in the impact assessment step is
to evaluate the significance of hundreds of inventory items in terms of a
small number of indicators [102]. Between the available normalised
impact methodologies, the most used are CML 2 baseline 2000 [103].
There are several software packages for LCA practitioners. In this
dissertation, the software Simapro 7.1 is used [104].

Interpretation of the significance of impacts. Interpretation is the phase
of LCA in which the findings from the inventory analysis and the impact
assessment are considered together. The interpretation phase should
deliver results that are consistent with the defined goal and scope and
which  reach conclusions, explain limitations and provide
recommendations to decision-makers.

These steps are not followed just one after the other. It is an iterative process,

which can be followed in different rounds achieving increasing levels of detail

[83].
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Figure 2.8. LCA framework. Source: [96].

> In chapter 4, the LCA tool has been applied in order to estimate the global
warming potential (GWP) of the energy consumption in a commercial
neighbourhood case study (Sant Boi RP).

2.3.3. Economic asessment

There are many options available to perform an economic assessment. To us, the
preferable option would be to perform a Life Cycle Costing Analysis (LCCA),
due to its holistic approach. LCCA is an economic analysis technique to estimate
the total cost of a system over its life span. Thus, it is a systematic approach that
includes all the costs of the infrastructure facilities incurred over the analysis
period [105, 106]. Costs considered include the financial cost of owning,
operating, maintaining, and eventually disposing of the projected infrastructure,
which is relatively simple to calculate, and also the environmental and social
costs which are more difficult to quantify and assign numerical values.
Biophysical and social aspects demand the definition of units of measurement,
but there are a series of externalities for which no explicit market exists [107].

LCCA provides a significantly better assessment of the long-term cost
effectiveness of a project than alternative economic methods that focus only on
first costs or on operating-related costs in the short run [108]. However,
considering the fact that LCCA methodologies are still incipient and given the
constraints in the obtaining of economic data regarding social and environmental
costs, we carried out a more traditional economic assessment by means of two
major investment indicators, Net Present Value (NPV) and Payback Period (PP).
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Net Present Value

The NPV is defined as the difference between the present value of a stream of
benefits and that of a stream of costs. To achieve this, the discount rate is used
(all costs are adjusted to reflect the time-value of money). The discount rate is the
interest rate used in economic science to find the present value of future costs
and benefits. By means of a properly chosen discount rate, the investor becomes
indifferent regarding cash amounts received at different points of time.

The NPV of an investment is calculated as a function of the net cash flow
(difference between benefits and cost) and the discount rate, as shown in
equation 1:

T
F
NPV = Z{; (1+tr)t [Eq. 1]
f=

Where:

F represents the net cash flow (inflows minus outflows), at time t

r is the discount rate, expressed in real terms, net of any changes in the price level
(inflation),

t is the time horizon of the project.

NPV results will determine the project’s feasibility. A positive NPV occurs when
the sum of the discounted benefits exceeds the sum of the discounted costs.
Therefore, the decision rule is to select the option that offers to maximise the
NPV. Hence, if NPV > 0, investment will be profitable and the project can be
accepted. If NPV<(, the investment will lose money.

Payback Period

In contrast to a NPV analysis, which provides the overall value of a project, the
PP gives the number of years it takes to break even from undertaking the initial
expenditure. Thus, the payback method focuses on how quickly the initial
investment can be recovered, and as such it is not a measure of long-term
economic performance or profitability.

The PP can be defined as the time that a project is expected to take in order to
earn net revenue equal to the capital cost of the project. If the time value of
money is not considered, we are talking about the Simple PP. Otherwise, the
discounted PP takes into account a discount rate in order to consider the time-
value of money when comparing the future stream of savings against the initial
investment cost.
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The PP can be calculated by means of equation 2:
_ Capital costs

(1 + r)t
Where:
B represents the annual financial benefits or revenues,
C represents the annual costs or expenditures,

r is the discount rate, expressed in real terms, net of any changes in the price level
(inflation),

t is the time horizon of the project.

(the consideration of a discount rate of 0% entails that the simple PP is obtained,
otherwise it is the discounted PP the one that is calculated).

» In chapter 7, the NPV and PP indicators are used to carry out a cost
assessment of several strategies for RWH at different scales and under
different conditions.

2.3.4. Sustainability indicators

An indicator is a numerical value that helps provide insight into the state of what
we are measuring. It quantifies and simplifies phenomena and helps us to
understand complex realities. Indicators are developed based on quantitative
measurements or statistics that are tracked over time. By simplifying a vast
amount of information into a simple form, they make it much easier to read and
understand.

Indicators are useful to show where we are, which way we are going and how far
we are from where we want to be. So far, indicators have been used as
performance indices to be compared with yardsticks in order to indicate potential
for improvements and progress over time [109] and to inform policy decisions
[12, 110] as feedback mechanisms for decision making.

The need for indicators of sustainability has been widely recognised and various
efforts have been invested into constructing such indicators [111]. For this reason,
the development of 'indicators of sustainability' is perceived as a first step
towards the operationalisation of the sustainability concept [111], in order to
assess sustainable development and monitor the progress towards sustainability.
In this context, urban indicators are crucial to help local and national
policymakers improve their action towards sustainability [56].

However, there is no agreement on what the best sustainability indicator should
or can be, partly because there are no fixed or exact definitions of the concept
[111]. Thus, the selection of adequate, relevant and robust indicators is quite
challenging [12].

Sustainability indicators may be classified into environmental, economic and
social indicators. This dissertation develops several environmental indicators,
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which are aimed to be used at a wide variety of geographic scales, from the
building level to the regional one.

> In chapters 4 and 5, several indicators are defined based on the
environmental assessments carried out. These indicators of energy and water
intensity of RP are of interest in the environmental arena. However, they
should be complemented with social and economic aspects to reflect the links
between the various dimensions of sustainability.

2.3.5. Ecodesign

Ecodesign presents itself as one of the key tools in the move towards a more
sustainable city [83] and it has become one of the central elements of IE [102].
Ecodesign (also known as design for the environment) is an approach that
considers the environmental implications of each stage in a product’s life cycle
during the design process [10]. Thus, it consists of considering environmental
criteria in the development of a product, without obviating other key aspects of
design (costs, functionality, aesthetics, etc.); with the aim of using the minimum
amount of resources and generating the minimum emissions throughout the life
cycle of the product.

The benefits of ecodesign are many: reducing environmental impact, reducing
costs, innovating, satisfying legal environmental requirements, increasing the
quality of the product and improving the image of the neighbourhood and the
whole municipality [112].

The ultimate goal of ecodesign, applied at the neighbourhood level, is to reduce
the environmental impact of the neighbourhood throughout its whole life cycle.
The life cycle is understood as all the stages through which it evolves, which may
include (a) the planning stage, (b) the architectural design and construction stage,
(c) the neighbourhood management stage and eventually (d) wurban
transformation (rebuilding the neighbourhood/city) and revision of planning
schemes (Figure 2.9). However, at the planning stage the only possibility to
condition the following stages is to set a basis for the professionals who are going
to carry out the architectural design and construction (stage b) and also the
people responsible for the management of the neighbourhood (stage c). Hence,
stages (b) and (c) should be circumscribed to the orientations and requirements
stated earlier in the planning (a).

(b) ARCHITECTURAL DESIGN
& CONSTRUCTION (c) MANAGEMENT
(a) PLANNING
(d) Urban transformation

Figure 2.9. Stages of the life cycle of an urban settlement.
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The incorporation of the life cycle approach at the design and planning stages
implies the recognition that each decision made in the early stages of planning
has consequences (social, economic and environmental) on the following urban
stages. Often these are not obvious or immediate and they are only observed
when examining the complete life cycle of the neighbourhood.

In addition, it is well-known that including sustainability criteria at an early stage
of the design/planning process is the best strategy for environmental prevention,
since most environmental impacts are conditioned from the design of the
product [113]. Through a life cycle approach, decisions can be made in a more
deliberate and systematic way. Furthermore, it can lead to a decrease in financial
spending in the mid-term and, at the same time, less environmental pressure in
terms of reduced depletion of resources.

Figure 2.10 shows a diagram of the methodology followed throughout the design
and planning process of the case study neighbourhood (Vallbona). The different
steps are described next.

| Creation of an interdisciplinary team |

v

| Concepts & Framework |

v

| Analysis of territory & reference elements |

v

| Definition of critical points & opportunities |

v

| Goals |

[ enerey || waTer ]| wasTes | |GREEN & AGRICULTURE | [ MOBILITY | [PUBLIC SPACE & SOCIAL

v

| Strategic Actions |

v

| Indicators |

v

| Neighbourhood analysis (monitoring) |

v

| Assessment of improvements (evaluation) |

Figure 2.10. Diagram of ecodesign methodology applied on urban systems.
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Creation of an interdisciplinary team

The first step is to create an interdisciplinary design team, which is of great value
[46] and it is essential in urban planning [114]. The design team should have
sufficient understanding of sustainable design practices, constraints, existing
conditions and specifications [46]. Practical experiences, together with the rapid
evolution of the sustainability science, provide planners with a body of
knowledge at their disposal. From these experiences, data and criteria may be
obtained for the design of future neighbourhoods. The close collaboration
between scholars and practitioners coproduces the necessary knowledge to
harness science and technology for sustainability [34].

Concepts and framework

Once the interdisciplinary working team is formed, several sessions are planned
to debate and decide how the neighbourhood should be and what are the best
strategies to achieve it. A session is dedicated to general concepts about urban
sustainability and sustainable neighbourhoods in order to set a framework for
debate and decision-making. Here, the definition of ‘sustainable neighbourhood’
may be defined and agreed upon within the working team, in order to move
from a political aspiration to a specific result. Together with the definition, the
team debates and agrees upon several key concepts, the fulfilment of which
should be necessary for the achievement of a sustainable neighbourhood.

Analysis of the territory and of reference elements. Definition of
critical points and opportunities

This step consists of carrying out an environmental, social and financial analysis
and diagnosis of the territory where the neighbourhood is going to be located
and also an analysis of some reference elements (other neighbourhoods in the
metropolitan area and in other regions) in order to detect their critical points but
also their strengths and opportunities.

Goals

Next, several thematic sessions are carried out in order to set goals for each topic
of interest (i.e. energy, water, wastes, green and agricultural areas, mobility and
transportation, public space and social environment). For each one, the set of
goals is proposed having as an indication the analysis and diagnosis for the
reference elements.
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Strategic actions

Then, the strategic actions aimed at the achievement of the goals are defined for
each topic, for which several different options in terms of the overall package are
considered. Strategic actions can arise from the experiences of the working team
and from the analysis of reference elements and territory. These actions are
debated within the working team and with the policy-makers, and are tested for
economic viability in terms of cost-benefit analyses. The actions take into account
the different stages that shape the neighbourhood through its life cycle. It is
recommended to focus most attention on certain specific actions which could
have the highest positive impact on the neighbourhood.

Indicators

Several indicators are defined throughout the design process, in line with the
definition of goals and strategic actions. A set of environmental indicators is
necessary to visualise the path of the neighbourhood in order to determine its
position compared to the strategy formulated and thereby enabling the diagnosis
of the current status, but also the prognosis of the future situation [43]. The final
selection of indicators endeavours to meet the following criteria: quantifiability,
representativeness, low cost, homogeneous measure over time and clarity in the
interpretation. Each indicator is described considering its definition, how its
variables are defined, which is the desirable trend, calculation equation, data
source and other complementary comments. The indicators are defined for the
management stage, since most environmental and financial costs are related to
the operation of the neighbourhood.

Neighbourhood analysis and assessment of improvements

The next step of the ecodesign methodology consists of an analysis of the final
product, that is to say, the neighbourhood. The aim of this procedure is to obtain
an environmental diagnosis of the neighbourhood. There are several
methodologies and tools in order to achieve this, one of them being the
monitoring and control of the set of indicators. The systematic collection and
analysis of information along the use stage of the neighbourhood (monitoring)
can let decision-makers know when things are going wrong. If done properly, it
is an invaluable tool for good management, and it provides a useful base for
comparison of actual project performance against the agreed goals (assessment of
improvements or evaluation). Monitoring and evaluation are both tools which
help to know when something is not working, and when circumstances have
changed. Thus, they are useful for decision making.

From the whole ecodesign process, a sustainable neighbourhood planning
proposal is defined.

> In chapter 3, the ecodesign methodology is applied to the Vallbona case
study, in order to design and plan a sustainable neighbourhood.
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2.4. Field and laboratory works

The following section describes the experimental methodology used in Chapter 6
for the quantity and quality assessment of the potential of RWH in different
catchment areas.

2.4.1. Experimental setup

A rainwater conveyance and storage system was installed on each roof from the
set of roofs in the UAB campus (Figure 2.11), consisting of:

e Clay tiles (CT) hip sloping roof

e Metal (M) sheet single pitch sloping roof

e DPolycarbonate plastic (P) single pitch sloping roof
e Flat gravel (FG) roof

Figure 2.11. Set of roofs in the UAB campus where the experimental design was
installed.
The criteria for roof selection were:

¢ Reduced dimensions (<120m?) in order to simplify the complexity of the
harvesting and storage infrastructures (mainly the size of rainwater
tanks).

e Diversity in the roof type in terms of materials and slope.
e Representativeness of the type of roof in the Mediterranean region.

e Accessibility for the installation and monitoring of the experimental
design.
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The experimental design consisted of connecting the building’s gutters and
downpipes to one or more polyethylene rainwater tanks, without first flush
diversion system (Figure 2.12). This experimental setup was installed from June
2008 to October 2010.

Figure 2.12. Rainwater tanks installed in the set of roofs in UAB campus (from left to
right: rainwater tanks in CT, M, P and FG roofs).

2.4.2. Quantity assessment

The quantity assessment consists of the calculation of the runoff-rainfall
regression models, the estimation of the global RC and of the initial abstraction
(methodology further explained in chapter 6).

For these calculations, it is necessary to compile rainfall data for the case study
area. A manual and/or automatic rainfall gauge was installed above or next to
each roof.

Besides this, the rainfall height obtained after each rain event was systematically
compared to data from nearby weather stations (Figure 2.13), namely:

e Station 1. UAB weather station, located in the Faculty of Education
(Experimental Sciences Laboratory),

e Station 2. Servei Meteorologic de Catalunya (SMC) weather station in
Cerdanyola del Valles, located 2000m outside the UAB campus (available
at http://www.meteo.cat).

e Stations 3 and 4. MeteoCerdanyola weather stations (Serraparera -3- and
Centre -4- stations), located in Cerdanyola del Valles (available at
http://www.meteocerdanyola.com).
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SRR

O Weather stations

O Roofs in UAB

Figure 2.13. Location of the roofs and the weather stations around the UAB campus
Abbreviations: CT: clay tiles roof, M: metal roof; P: plastic roof; FG: flat gravel roof.

Furthermore, it was necessary to compile data on the amount of water harvested
in each tank after each rain event. The tanks had a nominal storage capacity of
1000L and had a measure (a ruler) in order to show the amount of water
contained. However, in order to have more precise readings of the volume of
water, the tanks were calibrated with the aid of a measured water bucket and a
tape measure. With this calibration, the volume of water for each cm of column
of water was obtained (differentiating three parts in the tank: the bottom, the
middle and the top). This calibration enabled the runoff volumes to be estimated
with the aid of a tape measure as well as the volume of water/cm of water
column.

The data on rainfall height and runoff volume were used for the quantity
assessment. Then, each tank was emptied, and prepared for the next rain event.

2.4.3. Quality assessment. Analytical techniques

A composite sample (V=0.6L) of the rooftop runoff content was taken after
several rainfall events. Samples were kept in the fridge until laboratory analyses
took place. The physical-chemical analyses, which were carried out by technical
staff from the Department of Chemical Engineering at UAB, included the
parameters shown in Table 2.2.
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Table 2.2. Physical-chemical parameters that have been analysed in the samples of

stormwater rooftop runoff.

Detection

Parameter limit Units
Physical-chemical parameters
Conductivity (EC) 0.5 pS/em
pH - upH
Sum parameters
Total Suspended Solids (TSS) 0.1 mg/L
Total Organic Carbon (TOC) 25 mg/L
Total Inorganic Carbon (TIC) 2.5 mg/L
Nutrients
Phosphates (POs %) 1 mg/L
Total Ammonium nitrogen (TAN) 0.015 mg/L
Nitrates (NOs) 1 mg/L
Nitrites (NO2) 1 mg/L
Main ions
Sulphates (504%) 1 mg/L
Chlorides (Cl") 1 mg/L
Total Carbonates (COs* + HCOs + H2CO:s) 0.04 mmol/L
Carbonates (COs%) 2.5 mg/L
Bicarbonates (HCOs") 2.5 mg/L
Carbon acid (H2COs) 2.5 mg/L
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Chapter 3.

TRANSITION TOWARDS SUSTAINABLE
CITIES: OPPORTUNITIES, CONSTRAINTS
AND STRATEGIES IN PLANNING.

A NEIGHBOURHOOD ECODESIGN CASE
STUDY IN BARCELONA (SPAIN)
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This chapter is based on the following paper:

Farreny R, Oliver-Sola J, Montlle6 M, Escriba E, Gabarrell X, Rieradevall J.
Transition Towards Sustainable Cities: Opportunities, Constraints and
Strategies in Planning. A Neighbourhood Ecodesign Case Study in Barcelona
(Spain). Accepted with revisions in Environment and Planning A.

Abstract

Despite representing only 2.7% of the world's total surface area, the world's cities
are responsible for 75% of the world's energy consumption and 80% of GHG
emissions. For this reason, the redesign of cities is essential in the transition
towards sustainability. However, planning and designing sustainable
neighbourhoods is not a simple task given that there is no agreement on what the
sustainable settlement should be and which path should be used to achieve it.
Furthermore, planners have to strive to achieve a balance between financial,
environmental and social goals and must tackle with multiple actors and
stakeholders and with site-specific characteristics. The aim of this work is to
describe the key determining factors —-both opportunities and constraints- found
in the process of designing and planning a neighbourhood, based on a case study
in the city of Barcelona. This practical experiment, led by the authors, follows the
ecodesign methodology applied on an urban scale in the neighbourhood of
Vallbona (Barcelona), which occupies an area of 32.6 Ha and will host 2120
dwellings. From this neighbourhood ecodesign process, it is found that territorial
(urban form, urban fabrics and density; availability of local resources), financial,
legal (regulatory determinants) and political (local government’s wish and
leadership) determinants are the most important ones. It has been concluded that
there is no one unique path to achieve urban sustainability since the design of
neighbourhoods in different locations will lead to different results.

Keywords: Industrial ecology, life-cycle approach, interdisciplinary team, self-
sufficiency, urban planning
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3.1. Introduction

Urban areas and environments are expanding worldwide as statistics for urban
population share reach figures of 70% in Europe, America and Oceania and even
50% on a global level [1]. This ever-increasing urban population is likely to
become even larger still [2]. Old cities are being restored and new ones are
emerging worldwide. With this unprecedented growth in urbanisation, which
will lead to important but as of yet poorly understood impacts on the Earth’s
environment [3], global sustainability is increasingly an issue of urban
sustainability —considering the impact that people living in cities have on the rest
of the globe and the sustainability of life in the cities themselves [4]. Despite
representing only 2.7% of the world's surface area [5], the world's cities are
responsible for 75% of the world's energy consumption and 80% of greenhouse
gas emissions [6]. Therefore, managing urbanisation is one of the most urgent
practical challenges of sustainability; it is essential to encourage more benign
trajectories of urbanisation [7].

Many efforts of urban design and planning have focused on the need for more
sustainable design on the city scale, but as Engel-Yan et al. [8] suggest, some of
this focus has recently shifted towards the design of neighbourhoods, which
eventually are the backbones of cities. The incorporation of sustainability
principles into neighbourhood design is important because many of the problems
encountered at the macro-city scale are in fact cumulative consequences of poor
planning at the micro-neighbourhood level [8]. However, the design of
sustainable neighbourhoods and cities is not a simple task since there is no
agreement on what a sustainable settlement should be [9] and which is the path
for achieving it [10]. The model for sustainable planning places the concern for
environmental issues on an equal footing with its traditional economic and social
objectives [11]. According to this, we define a sustainable neighbourhood as an
urban settlement that is adapted to the local environmental characteristics and
makes an efficient use of resources (foremost local or, in its defect, regional),
minimises its emissions, and shows an increase in quality of life (including
aspects of health, education and welfare) without compromising the carrying
capacity of the natural environment, so it can better fit within the capacities of
the local, regional and global ecosystems. Thus, sustainable neighbourhoods
encourage environmentally friendly planning, architecture, and construction;
cooperation and innovation; new technologies and knowledge sharing among
people.

All in all, it is clear that to understand cities, we have to analyse their metabolism,
a concept which was first proposed by Wolman [12] and that has been widely
supported and extended [13]. The incorporation of this approach to the planning
process may help to move away from the essentially linear nature of the
metabolism of modern cities [2], characterized by consumption of resources and
dissipation of wastes to the environment without offering any resistance to the
flow of resources through them. Furthermore, the planning process generally
takes place in a complex institutional frame with a large number of public and
private actors (technicians, politicians, builders, real estate agents, citizens,
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property owners, NGOs), each of them with their own interests and
responsibilities [14] that should be aligned and re-assigned, respectively.
According to Campbell [11], the reality of practice restricts planners to serving
the narrower interests of their clients, that is, authorities, bureaucracies and
financial budgets, despite efforts to work outside those limitations and achieve a
balance between the financial, environmental and social goals. At the same time,
the local context -that is to say, site-specific characteristics (territory, financial
context, technological aspects, society, policy and legal framework) and given
conditions (such as existing buildings, infrastructure, vegetation and landscape
[8])-, may provide both opportunities and constraints for planning. Therefore, the
complexity of designing sustainable neighbourhoods becomes evident, as well as
the singularity of each process and project. For this reason, there is a need to
develop methods and approaches to aid in the process of sustainable
neighbourhood’s design.

In this paper, we adapt and apply the methodology of product ecodesign at the
neighbourhood scale in a real case study. As a result, a planning proposal is
defined, which is largely conditioned by the local context and, therefore, can not
be generalised. Besides this, a collateral outcome of the process is the obtaining of
a set of determining factors that need to be taken into account in the design of
any neighbourhood.

The aim of this paper is twofold: first, to apply the methodology of ecodesign to a
future neighbourhood; and second, to detect and highlight the most relevant
practical opportunities and constraints found in this process based on a real case
study from the city of Barcelona.

3.2. Case study area: the neighbourhood of Vallbona
(Barcelona, Spain)®

Barcelona, the capital city of Catalonia, is located on the north-eastern coast of
Spain with a population of approximately 1.6 million inhabitants, and an area of
100 km?. It is the capital city of the dense Metropolitan Area of Barcelona (5000
inhabitants per km?). It has a Mediterranean climate with average rainfall of 600
mm and an average annual temperature of 15.5°C.

The city has rapidly evolved over the past decades during which it has gained
worldwide recognition. It is currently as keen as ever to lead and to inspire, with
ambitions towards global horizons [15]. The city council of Barcelona
unanimously approved, in October 2008, to establish sustainability as the driving
force for the planning of the last section of its territory to be urbanised. Currently,
environmental criteria are becoming more and more important in the planning
process of the city, including issues of water consumption, waste, GHG
emissions, and efficient use of energy [16].

1 Case study previously introduced in section 2.1 (Figure 2.1)
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This new neighbourhood will be situated in an area called Vallbona located in
the northern part of the city (Figure 3.1). It occupies an area of 32.6 Ha and is
currently mainly devoted to degraded or neglected areas, infrastructures and
agricultural land. It is within the proximity of residential areas at risk of social
exclusion. This neighbourhood will host 2120 dwellings and will have a floor
area ratio of approximately 0.7. The area lacks urban continuity and presents
many structural deficiencies as well as isolation from the rest of the city.
Currently it is almost completely surrounded by natural and artificial barriers:
the Besos River and several roads, highways (with an average intensity of more
than 315 000 vehicles/day) and several railways, which delimit the
neighbourhood in all directions and of which just one stops in the surroundings
of the neighbourhood.
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Figure 3.1. Location of Vallbona. The aerial photograph shows the limits of the future
neighborhood. Source: Own elaboration based on most recent aerial photographs [17].

It is important to highlight that the development of this neighbourhood as a
sustainable neighbourhood is conditioned by its previous classification as a
Strategic Residential Area (SRA) under the auspices of the Catalan government
in order to solve regional housing shortages [18]. This constitutes an important
determining factor since it makes certain compulsory specifications, such as the
extent to which land use is mixed, heavily influenced by the need to provide
housing (90% of the ceiling will be residential).

3.3. Methodology. Ecodesign and planning process.

The methodology of ecodesign was followed throughout the design and
planning process of Vallbona (see section 2.3.5 for more details). Vallbona was
originally designed as a conventional neighbourhood in early 2008. This was the
case until a specific political request came from the town council to build a
sustainable neighbourhood in October 2008. From that moment, the ecodesign
methodology was applied at the neighbourhood scale.
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Figure 3.2 shows the ecodesign methodology in the framework of the planning
process. After the political request, the interdisciplinary team was reformulated,
led by Barcelona Regional (the agency for the development of urbanism and
infrastructures in the Metropolitan Area of Barcelona), which is an entity with
wide experience and proud of having a highly interdisciplinary team.
Furthermore, a team of researchers from ICTA was integrated within the
working group. Their main goal was to reinforce the environmental approach of
the planning and design, both in terms of methodology and concepts. All in all, a
total of 23 professionals were directly involved in the definition, discussion and
redaction of the proposal; and many other professionals were consulted and/or
interviewed.
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Figure 3.2. Diagram of the ecodesign and planning methodology applied at the
neighbourhood scale in Vallbona case study (Barcelona, Spain).
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From the whole ecodesign process, which had to be done within a short period of
time due to time limits determined by the SRA policies, a neighbourhood
planning proposal was defined. Then, it was evaluated by the responsible local
government (i.e. city council). This procedure resulted in feedback and, where
necessary, the proposal had to be adapted. Eventually, the city council passed an
initial approval of the planning proposal in March 2009 (section 3.6 contains
some details of the planning proposal). After this, a public hearing and debate
process took place. After this initial approval, and once the indications from the
public agents, objections and preceptive reports are considered, the definitive
approval will take place (supposedly, at earliest, in early 2011).

It must be kept in mind that the planning of a sustainable neighbourhood does
not necessarily mean that the eventual neighbourhood will actually be
sustainable. However, a good planning proposal is the basis for the achievement
of the sustainability goals and, consequently, the environmental performance of
the neighbourhood is expected to achieve high standards.

As an outcome of this whole design and planning process, several opportunities
and barriers were detected in Vallbona. From them, a list of determining factors
to be considered in the design and planning of sustainable neighbourhoods was
obtained.

3.4. Results and discussion

This section describes the key determining factors that arose from the Vallbona
process, categorised into 6 groups: territorial, financial, technical/methodological,
political, legal and social-cultural (Table 3.1). The items of local character that are
not of general interest have been excluded from this paper. Each factor is
described in the following sections and, when appropriate, recommendations in
order to overcome possible constraints are given. The process of designing and
planning a neighbourhood is initiated in each location from a certain starting
point (site specific characteristics and given conditions). Depending on this, each
determining factor may be considered a constraint or an opportunity (or in
between these two). It may be helpful to consider and/or assess them in order to
help in the design and planning of sustainable settlements. Although a universal
model for a sustainable city cannot be found, nor implemented [19], it may be
useful to consider these aspects in the design of any neighbourhood. Table 3.1
shows the particular assessment for the Vallbona case study, evaluated
qualitatively.
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Table 3.1. Determining factors in the design and planning of sustainable
neighbourhoods.

Vallbona
DETERMINING FACTORS Assessment?
- -/+ +
Urban form, urban fabrics and density °
Territorial Spatial scale of planning °
Availability of local resources °
Social surrounding factors .
Hierarchy among the sustainability pillars .
Financial Environmental externalities °
Temporal development °
Design team composition °
Availability of environmental data for decision- °
Technical/ making
Methodological ~ Objectives setting .
Time lag between planning and operation °
Life cycle approach °
.. Local government’s wish and leadership °
Political
Current trends in environmental policies °
Regulatory determinants (zoning regulations and e
Legal legal specifications) '
Legal framework to support an integrated e
manager of the neighborhood’s resources
Society’s values and evolution °
Social-cultural Community participation processes o

Social surrounding factors .

aThe last columns correspond to the assessment of each factor in the Vallbona case study (either
negative

“_u

, neutral “-/+” or positive “+”
3.4.1. Territorial determining factors

Urban form, urban fabrics and density

Urban form is defined as the spatial configuration of fixed elements within a
metropolitan region. This includes the spatial pattern of land uses and their
densities as well as the spatial design of transport and communication
infrastructure [20]. As such, urban form must be seen as a preeminent concern of
planning [21]. Since neighbourhoods do not exist in isolation but have many
interactions with the larger urban system and are open systems in constant
interaction with other regions at national and global level [19], the urban form of
the whole metropolitan area strongly affects the neighbourhood’s capacity of
being sustainable. Actually, changes in urban form have implications for the
environmental sustainability, integration and cohesion, and longer term quality
of life in and around cities [21].
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Sustainability in its broadest sense is much more difficult to imagine in a
dispersed settlement than in a compact city [9, 22, 23]. This is explained because
urban population density and compactness present many advantages in terms of
transportation [2, 24-26] and in terms of metabolic flows (they enable a high level
of interactions, i.e. introduction of communal heat and power systems [16, 25]).
The case study neighbourhood, Vallbona, is expected to have a density of 15 000
inhabitants/km?; similar to the average density of the city of Barcelona. This is a
much higher density than the average European city, much more than American
ones and within the range of Asian cities [27]. This high density is not only
beneficial due to the aforementioned aspects, but it also enables a city centre to
develop within the neighbourhood, which can contribute to the creation of own
dynamics and to a sense of community [28].

Significant to the ‘compact city’ discussion is that, not only the density of the
built-up area but also the minimum size of the open space is important [29]. Thus,
creating higher-density development will mean less land being devoted to
sprawl and more land for open space, gardens, urban agriculture and forestry
within the neighbourhood, preserving biodiversity and farmland on the urban
rural fringe [30]. In this regard, the strategy of colonisation of the environment is
relevant since it requires an analysis of the most adequate layout for the future
elements of the neighbourhood (buildings, streets, open areas..) and also a
decision on what needs to be preserved due to its natural or social value. In
Vallbona, for example, it was a priority to maintain the traditional agricultural
areas and the riparian forest, which forced the residential buildings to be of a
certain height in order to occupy less ground space with people’s dwellings.
Greater emphasis on community spaces should also mean more opportunity for
locally managed systems for waste, energy and water, while closing loops locally,
and more interaction among citizens.

However, compact cities are not ‘'win-win' on all dimensions of sustainability [31].
Thus, compactness presents some drawbacks. High urban densities have a
negative effect on the potential resource self-sufficiency of a neighbourhood since
the natural resources (sun, water, soil) from a certain area are shared by a greater
amount of people. Another issue is the difficulty of further greening our cities
and keeping them dense and compact simultaneously [25].

Spatial scale of planning

Urban plans are circumscribed by specific geographic boundaries and,
consequently, are not able to directly interfere in areas outside the area under
planning. In order to achieve sustainability it is necessary to develop adequate
planning policies at the right scale; that is the socially, environmentally and
financially appropriate one. Bio-regionalists advocate to have the spatial scale for
planning reflect the scale of natural phenomena (i.e. the extent of a river basin,
vegetation zones, or the dispersion range of metropolitan air pollution) while
financial planners call for a spatial scale to match the social phenomena (i.e.
highway networks, municipal boundaries, labour market areas, new industrial
districts) [11]. For this reason, it may happen that some strategies at the
neighbourhood level are not fruitful because of an inadequate planning scale in
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cases in which the area under planning is restricted to a spatial scale which does
not coincide with natural systems and/or socio-economic structures. Thus, it
would be necessary to integrate the financial, social and environmental scales of
planning and overlay their geographies.

Availability of local resources

The availability of natural resources such as water, insolation, wind, forests or
agricultural land is of interest in order to approach neighbourhood self-
sufficiency, which has to be understood as the ability to (partially or completely)
supply the neighbourhood with those local resources that have potential within
the area and that could be efficiently managed, but not as an isolation per se of
resource flows. The desire of resources self-sufficiency in urban areas should be a
premise for any sustainable settlement, in order to reduce the ecological footprint
on the outer territory. Planning schemes may require that these resources are
adequately locally managed in order to satisfy as much as possible the demand
for neighbourhood resources through RWH or solar collection, for instance.
Sometimes, the use of some resources competes with others, for example forest
and agriculture. Then, the priority depends on what is most scarce and most
necessary in the area. This priority may change over time, for which the
reversibility of urbanised areas is well appreciated.

Vallbona has a relatively high availability of water, insolation and agricultural
areas. All these resources help greatly to reduce its external dependency. They
are also considered as a basic distinctive element of the neighbourhood, for
which they are planned to be proficiently locally managed. Sun availability will
be used through passive as well as photovoltaic and thermal solar energy
systems in order to reduce external energy demand. The protection of urban
nature, which provides important social and psychological benefits to human
societies [32], is also guaranteed along the river corridor. The protection of
agricultural areas within the urban environment, which can provide food and, at
the same time, can raise awareness of the inhabitants’ links with nature, has
emerged as a strategy to achieve urban sustainability [33]. By minimising the
amount of resource consumption and maximising the use of local resources, the
neighbourhood can significantly reduce the level of resources imported to the
area [23] and increase its resilience (in Vallbona it is expected to locally produce
more than 10% of its domestic demand for vegetables).

3.4.2. Financial determining factors

Hierarchy among the sustainability pillars

Economy is subsidiary from the biosphere [34]. However, the rationale of logic
may operate inversely, as has been common since the industrial revolution, being
environmental sustainability the one that tries to fit within financial
sustainability. This may create a false hierarchy that prevails during the entire
planning process. Currently, the financial criterion appears to be a limiting factor
for innovative and more sustainable neighbourhood strategies [23, 35] since
budgets are limited and generally dimensioned for business as usual planning
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strategies which give poor environmental results. This way of thinking was
initially present in Vallbona when the conceptual definition of the sustainable
neighbourhood was established. In particular, the definition included a passage
which stated ‘the development of the neighbourhood has to be circumscribed
within a traditional cost-benefit balance’, which does not incorporate
‘environmental capital’. Therefore, it is recommended to develop planning
schemes that integrate the environmental and social agenda into the financial
structure.

Environmental externalities

Environmental externalities refer to the economic concept of uncompensated
environmental effects of the neighbourhood design that affect consumer utility
and enterprise cost outside the market mechanism [36]. Most sustainable
strategies entail environmental and social benefits that are not incorporated into
the market mechanism and, hence, they are not financially accounted for. Some
examples are urban agriculture, RWH, pedestrian streets or a district heating
system. If their benefits were considered as positive externalities, the real cost of
the implementation of such strategies would be reduced and prices would reflect
the full benefits of their establishment. However, this is still not a common
approach. In Vallbona, for example, in the case of RWH only the installation costs
of the rainwater recovery and reutilisation infrastructure were accounted for, but
the multiple favourable benefits it has (flood prevention, resource use alleviation,
reduction in water treatment...) were not. Hence, it is necessary to prompt the
person(s) in charge of the neighbourhood accounts to internalise externalities in
its plans and budgets.

Temporal development

The neighbourhood may not be built all at once but it may consist of a number of
phases during which several building promotions are established. This may be a
constraint if there is any infrastructure that is planned at the neighbourhood scale
(i.e. in Vallbona it was expected that a district heating system or a common
underground car park would be built). Furthermore, the success of many of these
strategies requires economies of scale, which are only feasible when the
neighbourhood is at full yield. Therefore, if it takes a long time to fully occupy
the new urban development, some strategies may not be successful for practical
reasons. Furthermore, this would provoke financial losses for the operator since
the first developer has to initially afford these urbanisation costs (i.e. district
heating net) for the entire neighbourhood. However, if the town council is
involved in the urbanization process, as happens in Vallbona (where 40 % of the
urban area is of municipal property), this constraint may be overcome as it can
assure a rapid urbanization of the area.

Another obstacle is the delinking between those who make the initial
investments to build up the neighbourhood (development companies) and those
who obtain the benefits of living in such an efficient place (inhabitants). This
aspect might discourage development companies to invest larger amounts of
money for future savings that will not benefit them. If the land developer,
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promoter, managers and owners were the same, it would probably be easier to
incorporate this approach.

3.4.3. Technical and methodological determining factors

Design team composition

An interdisciplinary design team is of great value [8] and it is essential in urban
planning [37]. In Vallbona, the team exploited the synergies that were created
among its members and their previous experiences in other town-planning
projects [38-43] and in the field of environmental analysis [44-56]. However, in
some specific occasions, the lack of some sort of active players in the discussion,
i.e. certain city councillors and administrators, who where reluctant to accept
some of the decisions proposed by the design team, jeopardized certain strategies
(although finally they accepted them). However, not having them in the team
enabled the group to think independently about new ideas and concepts. For this
reason, it is important to establish a balance between working comfortably and
working under the pressure of politicians.

Availability of environmental data for decision-making

Access to information is crucial to the decision-making process [53]. During the
planning process of a neighbourhood many decisions need to be taken according
to certain prevalent criteria. The immediacy of planning processes, which may
take a short period of time —a few months-, means that there is frequently not
enough time to obtain environmental data for decision-making; this may take
months or even years. Thus, there is a decoupling between planning schedule
and environmental data availability, which might be a limitation for rational
environmental decision-making. In Vallbona, the inclusion of a local research
group in the design team provided a source of high-quality previously collected
environmental data which was useful for decision-making in the local context.

Objectives setting

Walsh et al [57] argue that urban sustainability becomes truly meaningful only
after quantified sustainability requirements are proposed, both because
quantification encourages discussion of the correctness of the quantification itself,
and because a transition to sustainability cannot be designed and implemented
until numerical goals are agreed upon and targets and timescales established. In
this sense, a set of indicators measuring the neighbourhood’s performance in
relation to the goals provides a basis for planning and monitoring progress
toward sustainable cities. In Vallbona, a set of indicators was defined (see section
3.6). However, numerical goals were not established for most of them, because of
either lack of data regarding the reference elements (which impeded to set a goal),
a lack of consensus or because planners were reluctant to set goals against which
their work could be judged.
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Time lag between planning and operation

The development of the neighbourhood may take many years to be completed,
but the key elements of infrastructure must be laid down early in the strategic
planning process to encourage a sustainable solution [58]. The planning of a
neighbourhood in a certain moment will be translated into a real operational
neighbourhood after some years have gone by —-maybe five or more depending
on various factors-. Then, current solutions stated in planning might not be
innovative enough for the neighbourhood of the future, as the whole
environment (economy, society and ecology) will change. For this reason, the
neighbourhood should be adaptable to future conditions. Previous experiences
show, for example, that in some cases the energy requirements of buildings
stated in the initial planning have been out of step and behind current
regulations at the moment of their construction some years later. In Vallbona
there was a particular attempt to solve this challenge: the parking places will be
built in a way which enables them to be converted into other uses (reversible
parking places) since it is expected that future private vehicle use will decline,
according to the Mobility Plan for Barcelona. Therefore, it is essential to plan
with strategic and innovative ideas for future sustainable neighbourhoods, which
will come into practice several years after the planning is approved, bearing in
mind the mid-term evolution of cities.

Life cycle approach

The life cycle approach at the design and planning level implies the recognition
that each decision made in the early stages of planning has consequences (social,
economic and environmental) on the following urban stages. However, the
whole life cycle is not generally considered in most planning proposals. Policies,
plans, and projects tend to be assessed on their short term financial returns, or on
an economic valuation based upon narrowly structured cost benefit analysis.
Decisions are dominated by immediate capital cost, despite the fact that often
over 90 % of life cycle costs for typical infrastructures are spent during
operational maintenance and rehabilitation [59]. This lack of life cycle approach
contrasts with current legal frameworks for other kinds of products (such as cars,
electrical appliances or packaging systems), which do take into account their life
cycle.

3.4.4. Political determining factors

Local government’s wish and leadership

Most local governments aspire to be a reference on a specific area, and
sustainability is an attractive one. Thus, there is a tendency for many local
governments to promote sustainable neighbourhoods as a means of
demonstrating support for sustainable development. This phenomenon has also
been observed in the promotion of eco-industrial parks [58]. However, a lack of
practical experiences related to innovative solutions scares planners and
particularly politicians into taking on innovative “risky” strategies. Public
discourse is often preoccupied with limited time horizons and narrow interest

79



Part Il The ecodesign of urban settlements

group perspectives where the aim is to gain adoption of a plan that most benefits
a particular group [60]. Then, some strategies may cause controversy and inertia
likely slows the diffusion of sustainable planning and design concepts in
neighbourhood-scale projects [35]. Despite this, there are many examples of cities
that have leaded the sustainability transition process with practical examples.
The city of Barcelona has wide experience on implementing pioneering
environmentally friendly strategies, such as district heating, SUDS, selective
waste collection... although the town council has implemented most of them just
on a small scale. However, the town council does not show enough interest yet in
certain decentralised environmental technologies (i.e. local composting plants,
rainwater and graywater reuse systems...) although these strategies would be
desirable from the environmental point of view [61]. The effect of traditional
practices, such as trying not to change that which does not cause problems to the
community, has been to reduce and constrain opportunities headed towards
innovative sustainable solutions. As stated by Rudlin and Falk [23], almost all the
success stories about sustainable neighbourhood planning have involved
someone taking risks, and going against the tide. Then, it would be necessary to
cultivate political leadership, which is necessary for change and also to take risks
and take on innovative solutions for the cities of the future.

Current trends in environmental policies

It is well known that trends in current policies at all levels (international, regional,
local) are aimed at sustainable development. In particular, special attention is
increasingly given to the urban environment. Some examples of this are the UN
Habitat Program [62], The World Bank’s strategy on urban environment [63], the
Eco’Cities Program [59], the European Thematic Strategy on the Urban
Environment [64] and, more locally, the many country-based strategies which
have already been implemented to promote urban sustainable development [65].
These policies can be helpful as a support for the neighbourhood sustainability
goals.

3.4.5. Legal determining factors

Regulatory  determinants  (zoning  regulations and legal
specifications)

From general metropolitan planning to building codes and municipal by-laws,
there are many specifications to accomplish in any urban development. Although
it might seem that greenfield neighbourhood planning proposals are at the first
stage of intervention in the territory, they are circumscribed to other regulation at
higher levels (city, metropolitan area, regional, national, European decisions,
international agreements...). These regulatory determinants may serve as a way
of ensuring the implementation of strategies towards sustainability, such as
water and energy municipal by-laws (i.e. ordinances on the incorporation of solar
thermal energy collection in the buildings, ie. Barcelona Solar Thermal
Ordinance [66], or on efficient water use) or Building Codes (i.e. Spanish
Technical Building Code [67]). However, regulatory determinants also may limit
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the range of innovation possibilities if the aims towards a sustainable
neighbourhood go against certain legal provisions.

In this sense, urban sustainability is a concept from the last decade. Consequently,
most current regulatory determinants are not planned with a focus on
sustainability since urban regulatory determinants evolve and adapt at a slow
pace, particularly when no clear references exist. Planning systems should be
responsive to changes in society and technology and adaptable to the future
context. A clear example of regulatory determinants is the SRA set of
specifications which unavoidably conditions the characteristics of the future
neighbourhood. Given that this neighbourhood was originally promoted to deal
with the housing shortage, the most important one was to devote 90% of the
ceiling to housing purposes. This makes it difficult to have a rich mix of uses and
activities within the neighbourhood, increasing the need to commute and,
according to Kenworthy [27], reducing the economic performance of the
neighbourhood and the creation of employment. Planning policy should be
moved away from segregated land uses and towards mixed neighbourhood
areas in order to increase natural synergies. Furthermore, it was compulsory to
allocate a minimum car parking availability (established at 1.5 parking
spaces/dwelling) even though the proposed planning aimed to reduce the need
for private car ownership. Other examples from Vallbona were the impossibility
of building a composting plant for the neighbourhood, since the Waste
Management authority does not support decentralised composting plants, which
would enable cycles to be closed within the system. However, Vallbona presents
an advantage which is that 60% of the dwellings are public housing, which
enables planners to make some strategies compulsory, such as household
greywater reuse.

Legal framework to support an integrated manager of the
neighbourhood’s resources

City management has become a complex undertaking because social-cultural,
economic, environmental and institutional processes have become increasingly
intertwined in cities [68]. Therefore, there is a need for a resources manager who
could proficiently handle local resources and manage the neighbourhoods’
environmental facilities. This need has already been detected in the industrial
sector as a key concept for its sustainable development [58], but it is rarely
observed in neighbourhoods or cities. The resources manager could deal with
local resources such as solar energy installations, public vegetable gardens, own
water distribution systems (greywater, stormwater runoff...), organic wastes...
and could take care of environmental facilities such as common parking areas.
This actor is essential for sustainable development since the holistic system
approach to resource management is a must for the efficient use of resources.
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3.4.6. Social-cultural determining factors

Society’s values and evolution

The evolution of society towards more environmentally responsible attitudes
might allow a decrease in the demand for cities” resources and, consequently, a
reduction in wastes and emissions. Common spaces and areas such as laundries,
basements, parking lots or living/dining rooms have many virtues on all levels of
sustainability: financial, environmental and social. Firstly, they facilitate
relationships among neighbours creating a sense of community membership,
which is an important determinant of general quality of life among all social
classes [69]. At the same time, common spaces optimise the use of resources,
release space in dwellings and diminish the environmental impacts of the
collectivity [70], not only because of sharing space but also because of having
more efficient equipment in them. These environmental benefits are also
translated into financial savings for the community. However, benefits of
common spaces will only be realised if they are managed and maintained, which
requires some ongoing public outlay and also community engagement.

Some cultures are better prepared than others to accept sharing common items
such as spaces and areas, therefore these strategies may be differently welcomed
by citizens according to their values regarding common areas. Mediterranean
values on private property as opposed to common areas may challenge on this,
as was discussed along the design of Vallbona.

Community participation processes

Community involvement is seen as vitally important to planning and the
achievement of sustainable development [23]. With participation, residents are
actively involved in the development process; there will be a better-maintained
physical environment, greater public spirit, more user satisfaction, and
significant financial and material savings [71]. Besides, it may be useful to
engender in its residents a feeling that they belong to the area and a sense of
responsibility for it [23]. However, in the case of greenfield urban developments,
as in Vallbona, community participation processes have a secondary role in the
neighbourhood design, since there is no community living there. In these cases,
participation processes may only be conducted with neighbouring communities.
Nevertheless, community participation processes are a determining factor in
areas where there is a community already living there.

Surrounding social factors

Surrounding social factors condition the potential of a territory to give rise to a
sustainable neighbourhood. The area of Vallbona is isolated from the rest of the
city due to several physical barriers, and its neighbouring areas accumulate social
degradation in terms of concentrating people with low income, high
unemployment rates and criminality. For this reason, it is important to physically
connect the neighbourhood with the rest of the city in order to avoid isolation,
making the territory more permeable.
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3.5. Conclusions

About the design and planning of sustainable neighbourhoods

Global sustainability is increasingly an issue of urban sustainability. In order to
set in place a framework to contribute to the design of more sustainable urban
settlements, the ecodesign methodology has been successfully applied to the
design of a neighbourhood. The process of urban ecodesign differs from a
conventional process of urban design due to the incorporation of environmental
criteria along the whole life cycle of the neighbourhood, the highly
interdisciplinary team, the initial analysis of reference elements and the
integration of the metabolism approach. Among these aspects, the first one is of
particular relevance since the incorporation of the life cycle approach in the early
design of a neighbourhood encourages urban environmental prevention and
guarantees the achievement of urban sustainability goals.

From the case study, a list of determining factors has been obtained, which have
been grouped into six categories: territorial, financial, technical/methodological,
political, legal and social-cultural.

The consideration and/or assessment of this set of factors may be helpful in order
to promote the design and planning of sustainable settlements. It has been
observed that these factors condition the possibilities of a certain territory to give
rise to a sustainable neighbourhood. Therefore, the design of neighbourhoods in
different locations will lead to different results, without the existence of a unique
path to achieving urban sustainability or a uniform solution. The challenge that
lies ahead is to take full advantage of the many opportunities and to turn
constraints into opportunities.

About Vallbona

Vallbona is aimed to be sustainable neighbourhood. This is defined as an urban
settlement that is adapted to the local environmental characteristics and makes
an efficient use of resources (foremost local or, in its defect, regional), minimises
its emissions, and shows an increase in quality of life (including aspects of health,
education and welfare) without compromising the carrying capacity of the
natural environment, so it can better fit within the capacities of the local, regional
and global ecosystems.

However, there were several constraints in Vallbona which made it difficult to
achieve a sustainable solution. One of these was the set of regulatory
determinants, such as the SRA specifications, which limited the leeway of the
planners. Another important constraint was within the economic arena, namely,
the incorrect hierarchy among the sustainability pillars and the fact that positive
environmental externalities were not taken into account.

Fortunately, there were many other determining factors which were decisive as
they offered many opportunities for the plan to move towards a sustainable
neighbourhood in the case study area. Among these, it is important to highlight
the territorial factors, such as the availability of local resources and the urban
form, urban fabrics and density of the region, and to a lesser extent, the political
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factors, with the government aspiring to give rise to an environmentally friendly
neighbourhood.

In our point of view, the achieved design of the neighbourhood is satisfactory
since the planning proposal incorporates many strategic actions that make
possible to forecast a higher environmental performance than the reference
neighbourhoods in the region.
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3.6. Addendum to chapter 3. The proposal for Vallbona

This section briefly describes some basic aspects of the proposal for the Vallbona
neighbourhood.

3.6.1. Concepts

The team debated and agreed upon several key concepts whose fulfilment was,
in our opinion, necessary for the achievement of the sustainable neighbourhood.
These aspects, which are at the basis of the conceptual proposal for Vallbona, are
the following;:

e Circular metabolic flows and trend towards self-sufficiency (trying to
close the flows of materials, water, energy, food..., developing synergies
within the neighbourhood and with the surrounding areas,
environmental protection...).

e Neighbourhood for people (streets for pedestrians, healthy environment,
environmental education, participative processes...).

e Mixticity of land uses (agriculture as an urban land use, vertical
integration of land uses, multifunctionality of spaces...).

e Biodiversity (protection of characteristic local elements, creation of new
biotopes related to water management and/or to buildings...).

3.6.2. Goals and strategic actions

Several goals and a total of 68 strategic actions were defined for each topic
(energy, water, wastes, green and agriculture, mobility and public space and
social arena) (Table 3.2). The strategic actions took into account the different
stages that shape the neighbourhood through the life cycle of a city (planning,
architectonical design and construction, and operation).

It was strongly believed that it was necessary to focus most of our attention on
certain specific actions which could have the highest positive impact on the
neighbourhood. Therefore, from the set of actions, all of them important, there
were five which were highlighted as particularly important in order to assure the
development of the neighbourhood. These actions were:

¢ To minimize the energy demand of buildings. There is large room for
this at the planning level through the layout of buildings and blocks in
order to take advantage of solar passive architecture and natural
ventilation systems. It is also possible to set a minimum requirement for
energy efficiency in buildings.

e To use local renewable energy sources and a district heating network.
The intense solar radiation enables us to efficiently introduce thermal and
photovoltaic solar systems. Furthermore, a district heating network may
take advantage of thermal solar energy and cover most heating,
ventilation and air conditioning needs.
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To maintain as much as possible the agricultural mosaic of the area. The
area under planning hosts one of the last pieces of agricultural land in the
city, which has a great landscape value and represents a distinctive
element of Vallbona.

To diversify the water sources, adapting the quality of water to its uses.
There are several potential water sources in the area (rainwater,
groundwater, surface water, pipe water, grey and black waters ...) which
have to be efficiently managed and assigned to the most adequate use.

Local resources manager. This last action, which is thought to be put in
practice along the management stage of the neighbourhood, is a relatively
new concept. There is a need for a resources manager who could
proficiently handle local resources and manage the neighbourhoods’
environmental facilities. The resources manager could deal with local
resources such as solar energy installations, public vegetable gardens,
own water distribution systems (grey water, stormwater runoff...),
organic wastes and composting... and could take care of environmental
facilities such as common parking areas.

3.6.3. Indicators

A selection of 15 indicators was obtained. The indicators are defined for the
management stage, since most environmental and financial costs are related to
the operation of the neighbourhood (often over 90 % of life cycle costs for typical
infrastructures in cities are spent during operational maintenance and
rehabilitation [59]).

Table 3.2 summarizes the goals, strategic actions and indicators for the case study
neighbourhood. The list of strategic actions has been simplified for reasons of
space. After the table, two of the indicators will be briefly described as an
example.

86



Part Il

The ecodesign of urban settlements

Table 3.2. Summary of goals, strategic actions and indicators for the Vallbona
neighbourhood.

TOPIC GOALS STRATEGIC ACTIONS INDICATORS
¢ To minimize energy ¢ Passive saving measures: ¢ Primary energy
— demand per inhabitant in Orientation optimization consumption
O buildings (minimum 4 hours direct e Renewables
E e To use local renewable insolation/day in winter) production
E energies e Natural ventilation e Equivalent COz
o District heating emissions
o Efficient architecture
e To diversify water sources, e Separative sewer e Total pipe water
adequate water quality to ¢ RWH from roofs and non- consumption/
E] its uses and use local water trafficked areas inhabitant
: sources o Irrigation with local river e Water self-sufficiency
=2 ¢ To reduce consumption sources
¢ Groundwater use
e Greywater reuse
o  ° Tomaximize selective waste e To compost organic waste e Urban solid wastes
F-[E collection within the neighbourhood production
] ¢ To cover the manure ¢ Waste collection at street e Selective collection of
g demand of agricultural level (not pneumatic) wastes
areas with local compost
o To preserve and foster local e Preservation of an irrigated ¢ Local food production
j biodiversity agricultural plot of 2,3 Ha e Bird biodiversity in
= ¢ To maintain the agricultural e To make compatible green areas
E mosaic as a distinctive professional agriculture and
E)J landscape element social vegetable gardens
9 E{]’ e To foster the local river asa e Xerogardening
% &ﬂ) structural element ¢ Promoting green areas with
< 5‘) ¢ To design new green areas sustainable criteria and
2 with environmentally- aimed at preserving local
E friendly criteria biodiversity within the urban
E e Participative management fabric
O of non-professional
vegetable gardens
¢ To improve the connectivity e New connections with the e Transportation modal
with the surrounding areas surrounding areas split
> ¢ To rationalize the mobility ¢ To keep 75% of the road e Car sharing clients
E flows network for pedestrians e Average time for
= ¢ To recover the public space e To foster bicycle use several trips
©] for people ¢ To minimize public space
= ¢ To reduce private mobility devoted to parking
¢ Improvement of the bus
network
¢ To minimize acoustic o Installation of noise- ¢ Proximity to basic
pollution reduction elements urban services
g E e To assure the permeability e To facilitate access to public e Ecodesigned urban
% — E of public spaces transportation systems and to ~ furniture
& S % ¢ To design public space in services through new e Social participation
O © g order to foster social accesses
= M~ relationships e New equipments so as to
E % serve people’s needs and to

integrate the neighbourhood
in the whole city
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Indicator: Water self-sufficiency

It is desirable for any urban system not to depend too much on external water
resources. This indicator measures the capacity of the neighbourhood to self-
provide the water it demands. It is calculated as the ratio between the local
endogenous water resources consumption (groundwater and rainwater) to the
total water consumption (including pipe water). The desired trend is to move
towards a value of one, which would mean not depending on reticulated mains
water.

Indicator: Local food production

Urban agriculture is emerging as a strategy for urban sustainability [33] since it
presents many benefits: it creates occupation, reduces transportation demands
and costs, enhances the links of people with nature, improves the quality of
urban environments... This indicator evaluates the local food production of the
agricultural areas in the neighbourhood, expressed in tonnes/year. As sub-
indicators, it is also expressed in production per unit of area of agricultural land
and per inhabitant.

3.6.4. Layouts of the proposal

The following figures present an aerial view of the area (Figure 3.3), an extract
from a news in the local newspaper (Figure 3.4) and the planning proposal
(Figure 3.5).

The whole planning proposal can be downloaded from the Barcelona city council
web page [72].

Figure 3.3. Aerial view of the neighbourhood location in Vallbona (Barcelona, Spain).
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Figure 3.4. Sketch of the proposal for a sustainable neighbourhood in Vallbona
(Barcelona). Source: [73].
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Figure 3.5. Vallbona (Barcelona, Spain) planning proposal. Source: [72].
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Part 11l Energy flows and indicators in urban areas

Having examined some of the opportunities and barriers in the process of urban
ecodesign, we have observed that understanding the metabolism of urban
systems is essential. Besides, the role of urban form has appeared to be
determining for urban sustainability.

Part III takes these ideas further by looking more particularly at the energy
metabolism of a service neighbourhood, which brings into discussion several
aspects, such as the effect of urban form on anthropogenic energy demand, and
the need to use indicators of resources demand and environmental impact for
monitoring and policy-making. The focus of this part goes in line with the
findings from Codoban and Kennedy [1], who have analysed the metabolism of
different neighbourhoods and show that reducing energy uses for buildings and
transportation must be the first step towards sustainable neighbourhood design.
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Chapter 4.

ENERGY INTENSITY AND GREENHOUSE
GAS EMISSION OF A PURCHASE IN THE
RETAIL PARK SERVICE SECTOR:

AN INTEGRATIVE APPROACH
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This chapter is based on the following paper:

Farreny R, Gabarrell X, Rieradevall J (2008) Energy intensity and greenhouse
gas emission of a purchase in the retail park service sector: An integrative
approach. Energy Policy 36(6):1957-1968.

Abstract

The aim of this chapter is to describe the energetic metabolism of a RP service
system under an integrative approach. EFA was applied to a case study RP in
Spain, representative of the sector across Europe, after redefining the functional
unit to account for both direct energy use (buildings, gardens and outdoor
lighting) and indirect energy use (employee and customer transportation). A
LCA was then undertaken to determine energy GWP and some energy intensity
and GHG emission indicators were defined and applied. The results emphasise
the importance of service systems in global warming policies, as a potential
equivalent emission of 9.26 kg CO:/purchase was obtained for the case study,
relating to a consumption of 1.64 KOE of energy, of which 21.9% was spent on
buildings and 57.9% on customer transportation. Some strategies to reduce these
emissions were considered: increased supply, energy efficiency, changes in
distribution of modes of transport, changes in location and changes in the mix of
land uses. A combination of all of these elements in a new RP could reduce GHG
emissions by more than 50%, as it is planning strategies, which seem to be the
most effective.

Keywords: Global warming potential; Life cycle assessment; Transportation
energy
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4.1. Introduction

Urban areas and environments are expanding worldwide as statistics for urban
population share reach figures of 70% in Europe, America and Oceania and even
50% at a global level [2] and this ever-increasing urban population is likely to
become yet larger still [3]. The goal of sustainability in these areas could be
defined as a reduction in their use of natural resources and waste production,
while simultaneously improving livability in order to better fit within the
capacities of local, regional and global ecosystems [4] in a framework of social
equity and welfare. The study of anthropogenic systems has been revisited many
times as urban ecology and IE approaches have proved to be successful in
conceptualizing the relationship between societies and their natural environment
[5, 6]. In this respect, energy supply can be considered one of the main challenges
facing modern societies, most of the environmental problems confronting
mankind today being connected to energy use in one way or another. According
to the literature review carried out by Zia and Devadas [7], some of the
environmental impacts accompanying energy supply include, among others, soil,
water and air pollution, ozone depletion, GHG effects and risks of nuclear energy
use.

Nevertheless, this alarm concerning energy consumption and environmental
impacts has traditionally centred only on economic sectors such as industry.
There has been significant concern with regard to environmental impact in this
sector and energy policies have focused on this, concentrating on emissions and
on final disposition of wastes and not on resource flows [8]. As a result, over the
past 30 years little attention has been paid to other sectors. A case in point would
be the services sector, which policies have tended to overlook despite its
contribution to the economy in western countries coming to represent more than
70% of gross domestic product [9]. This discourtesy is probably due in part to a
lack of interest, as it is still the smallest energy consumer of the four main end-
use sectors—residential, industrial, transport and services —representing 15% of
EU-25 end-use energy consumption [10]. This would explain why the services
sector has the least amount of energy end-use data available, a fact which poses
significant challenges to companies within the sector attempting to benchmark
their energy performance and inform energy management decisions [11].
Furthermore, analysis of the relative performance of services has also
encountered various obstacles, such as the lack of a well-defined unit of
production [12], the lack of approaches and suitable metrics for measuring the
environmental responsibility of a service [8] and the fuzziness of system
boundaries or the lack of clarity of functional units [13], making it difficult to
assess their relative performance over time or between companies.
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Several distinct trends have occurred in urban areas since the introduction of the
private car: an outward expansion of the metropolitan boundary, a density
decline in all forms of land use, a higher connectivity of transport networks and,
mostly in peripheral suburbs, a segregation of residential from other land uses
[14, 15]. These trends partly explain the expansion of service parks which
accommodate many different service facilities, a phenomena of particular
importance around cities in the United States and Europe, an imitation of the
industrial estate phenomenon. This accelerated development of businesses
located in the suburbs was initially experienced in the retail sector, but
eventually extended to all economic sectors such as offices, factories and hotels,
consistent with the underlying processes of urban sprawl [14, 16].

Energy analyses conducted in RP are of particular interest due to the potentially
high energy demands resulting from their location: they require the
transportation of large numbers of customers, who tend to use private
automobiles. A RP is a group of many single-storey retail units, which typically
host a range of chain stores, including supermarkets and clothes or footwear,
electrical and ‘Do It Yourself’ superstores, with abundant free parking and
proximity to major roads. Initially found on the fringes of most large towns and
cities, RP are no longer an exclusive feature of major city suburbs, as sites are
being sought around many secondary cities all over the world [17] due to the fact
that they are becoming increasingly popular and their users are numbered in the
millions. Recent estimates suggest that in western European countries there are
almost 1400 large-format stores and several thousand non-food stores, many of
which are clustered into over 700 RP [18]. The leading retail manufacturers, with
mature markets in their original countries—largely the United States, France and
the United Kingdom—are attempting to increase their market on their own
continents and also in Asia and Central and South America. The resulting RP
share similar characteristics everywhere as the leading companies reproduce
replicas of the original successful formats. The retail warehousing sector is
consequently undergoing strong expansion: in Europe alone more than 200 new
RP are due to open by 2008, with the main development hotspot in the south,
particularly Spain and France [19].

The metabolism approach, which involves conceptualizing a city or an industrial
system as an organism and tracking resources that enter the system and products
and wastes that leave it [3] is a concept that should be extended to the service
sector, particularly to RP. To date, most energy assessments in the sector have
only focused on some parts of the service system, misunderstanding its real
metabolism. Many authors have studied the energy performance of the sector by
focusing only on building energy consumption, that is to say, building
infrastructure and technical equipment—for providing heat, lighting, mechanical
work and data processing— (for examples, see [20-23]) and even also on street
and garden energy consumption (see [24]). Some authors such as Junnila [25] and
Modahl and Rooning [26] have also included employee transportation in their
analysis of the environmental performance of service companies, arguing that
staff commuting should be included due to its being closely related to the
working processes of a service company. However, customer transportation has
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attracted little attention and has rarely been included in the analysis of services to
date, only being considered when comparing e-commerce with conventional
retail stores, for example, in the case of the book sector [27] or more recently in
the qualitative analysis of the tourism sector [28]. Generally speaking, the
consideration of customers in the analysis of service parks differentiates it from
industrial park analyses, which only take employees into account, customers not
being relevant. According to Graedel’s services classification [8], RP can be
considered a type of Alpha service—i.e. one provided in a fixed location, which
the customer travels to—and this aspect must be taken into account as part of the
service requirements. We propose the inclusion of both employee and customer
transportation in accounting for energy consumption in RP service systems.

Energy-intensity indicators have been widely used to measure the energy
consumed per unit of activity, as they are most closely related, but not equivalent,
to the inverse of energy efficiencies (a measure of output per unit of energy
consumed) due to the fact that an increase in energy efficiency helps reduce
energy intensity [29-31]. Indicators have been used as performance indices to be
compared with yardsticks in order to indicate potential for improvements and
progress over time [20] and inform energy policy decisions [11]. One of the most
common energy-intensity indicators for the retail sector is energy consumption
per m? of commercial building [29], although this only considers building
infrastructure and technical equipment. These kinds of indicators are therefore
only partial, as part of the service system is omitted by their not taking into
account employee and customer transportation needs. In this respect, energy-
intensity indicators in the service sector require further development,
implementation and precision.

The objectives of this research are fourfold:

e firstly, to describe the energetic metabolism of a standard RP service
system considering not only the facilities but also the transportation of
employees and customers;

e secondly, to analyse the intensity of GHG emission deriving from this
energy consumption by calculating its GWP;

e thirdly, to define the energy intensity of a purchase as an indicator of the
environmental performance of the sector to show progress over time and
indicate the potential for improvements for RP managers and local
authorities;

e fourthly, to assess the energy and environmental performance of several
strategies, which take into account the implementation of diverse
measures to be applied in two scenarios: an existing RP or a new one.
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4.2. Case study area’

The selection of the case study area meets two determining criteria. Firstly, it is
representative of this kind of service activity all over Europe and has similar
structural characteristics and dimensions to many European RP, as has been
observed in previous research projects [32]. Thus, other parks with similar
characteristics can be found in many places, most of them located on the outskirts
of cities in suburban areas [33, 34]. Secondly, the RP in question is located in
Spain, a country which is facing a rapid increase in the number of RP—30
schemes are currently being developed and 20 more are awaiting permission but
likely to obtain it, all of them scheduled to open between now and 2009 [17].
Moreover, Spain is highly energy dependent and faces a rate of external energy
dependency of about 80% [35].

The RP case study is located in Sant Boi de Llobregat, less than 10km SW of
Barcelona, in an area of 30 Ha in the Metropolitan Area of Barcelona. It is a dense
urban area of some 5000 inhabitants per km? (Figure 4.1) with stress problems
related to urban sprawl and unsustainable mobility [36]. From Figure 4.1 we can
see that it is located outside compact urban areas close to major roads. It includes
nine single-floored buildings, of which the largest and most representative
includes the supermarket run by the leading company at the park and also a
shopping gallery with approximately 60 stores and other establishments, mostly
clothes shops. The other buildings include four retail warehouses (clothes,
electrical, do it yourself and toy superstores), two fast-food restaurants, a garage
and a petrol station. It is closely linked to a motorway and has 4000 free parking
spaces, of which 75% are open-air. The climate in the study area can be
characterized as semi-wet Mediterranean and the average annual temperature is
15.5 °C. The average daily temperatures range from 8.9 °C in winter to 23.6 °C in
summer. Buildings are in heating mode approximately 6 months of the year,
from November to April with an average of 1286 degree days below 18 °C.

1 Case study previously introduced in section 2.1 (Figure 2.2)
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Figure 4.1. Location of the RP in the metropolitan area of Barcelona. Compact urban
areas (mostly residential), major roads and distance isolines are shown.

4.3. Methods and approaches

This section is divided into two parts: firstly, the description and assessment of
the energetic metabolism of the RP service system —which includes EFA, GWP
assessment and the indicators— and, secondly, the assessment of several
potential strategies in order to gauge their environmental performance.

The functional unit under study is the energy necessary to purchase a standard
total-RP shopping basket, considering the energy used for normal operation of
the RP and that used for customer and employee transportation within an urban
area. Freight goods transportation is not included as we consider that this
corresponds to another stage, the supply chain, although it is recognized that the
environmental effects it has appear to be significant and merit further
consideration [12].

4.3.1. Energetic metabolism description and assessment

EFA is conducted to track all technical energy flows and LCA methodology is
applied to assess environmental impact related to energy consumption.
Following this, some energy-intensity indicators are defined and applied to
shape an environmental monitoring framework for the sector (Figure 4.2).
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Figure 4.2. Energetic metabolism description and assessment methodology.

A land cover analysis of the RP is carried out using Geographical Information
Systems (GIS) with TNTmips software (version 2005:71) in order to create maps
based on the more recent aerial photographs available. In the event of a lack of
maps from local or regional cartographic sources, aerial photographs from all
over the world are available from the web [37]. If field work is possible, however,
it is recommended that the generated maps be validated and updated.

A standard RP land cover is divided, according to previous research [32], into
three main subsystems:

e buildings,
e vegetation subsystem —which may include gardens (trees, bushes and
small grassed areas)

¢ neglected/degraded open-air areas, and open-air paved areas (RP roads,
car and logistics parking and paved pedestrian areas).
The land cover analysis has been carried out in detail for the RP object of study
based on the most recent aerial photographs provided by a local cartographic
source [38] and validated and updated with field work in 2007 (Figure 4.3).
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Figure 4.3. Representation of the energy consumption subsystems in the RP object of
study (direct and indirect energy use). The sectors in white colour are in construction
in year 2006.

Energy flow accounting

EFA method has been applied following the methodology proposed by Haberl [5,
6] and Krausmann and Haberl [39] (see section 2.3.1 for more details). The energy
accounted for is that used for the normal operation of RP activities, which means
that the energy consumed in the construction and deconstruction of the
infrastructures related to the park is not considered.

The anthropogenic energy flow of the service system object of study has been
divided into two subsystems (Figure 4.3):

e Direct energy wuse: total energy consumed in buildings (heating,
ventilation and air-conditioning systems, lighting, cleaning, maintenance
of equipment and infrastructures), gardens and open-air paved areas.

e Indirect energy use: total energy consumption for employee and
customer transportation in urban areas.

Therefore, the total energy consumption (E) from the operation of a RP can be
expressed as it follows (equation 3):

Eservice system = EDIRECT USE (RP) + ENDIRECT USE (TRANSPORTATION) =

[ EsuiLpiNngs + Eopen-aIr PAVED AREAS + EGARDENS | + [ ECUSTOMER transp. + EEMPLOYEE transp. |

[Eq3]
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Direct energy use

A compilation of invoices for fuel and related energy carriers for the park’s
service facilities is necessary to account for all the energy consumed inside the
park. All energy must be expressed in tonnes of oil equivalent (TOE) in order to
be able to compare the energy consumption of the different subsystems of the RP.

2006 was used as a reference year for the exhaustive compilation of invoices for
fuels and related energy carriers—electricity, natural gas, gasoline and diesel —
for the RP object of study. Since case study invoices do not include energy
consumption in gardening practices (fuel consumption by vehicles and
machinery), this data are estimated from previous studies in other service
systems. We assume the consumption in the case study to be 0.014 KOE/year/m?
of gardens, half the consumption accounted for by Oliver-Sola et al. [24] in an
urban park in Barcelona, in accordance with the intensity of the gardening
maintenance tasks and the climate in the RP object of study.

Indirect energy use

The analysis of energy use from transportation requires mobility studies in order
to locate customers’ and employees’ journey starting points, to obtain the
breakdown of different modes of transport used, and to quantify vehicle flows
(this also available from vehicle counters). The two primary travel modes to be
considered in RP transportation analysis are motorized and non-motorized. The
former includes private car and public transit, which in turn generally includes
bus, train and other urban collective means of transport.

Data regarding number of employees can be obtained directly from fieldwork by
compiling reports and statistics provided by local agents—park managers and
representatives from the various retail warehouses.

The number of RP customers can be obtained by making some general
assumptions. A customer is defined as a person or a group that travel together to
the RP to purchase a standard total-RP shopping basket (in one or more
establishments); therefore, a customer can have one or more tickets related to him
or her. The number of customers can be estimated according to the annual
number of tickets issued or, preferably in order to avoid multiple accounting, the
number of vehicles travelling to the park. Vehicle counters provide a record of
the transportation activity entering and leaving the RP (including customers,
employees and freight goods), in which vehicles are classified according to the
number of axles. To discern the number of customer vehicles from these
transport flows, some assumptions are made. Firstly, if necessary, a proportion of
vehicles are disregarded as they are assumed to be travelling through the RP in
order to get to other destinations but not the RP; secondly, only two-axle vehicles
are taken into account, as these correspond with passenger vehicles; and lastly,
employees” automobiles are subtracted considering a car occupancy local average.
This final figure for private passenger vehicles corresponds to the number of
customers that travel to the RP to satisfy their purchasing needs. The number of
customers that get to the park by public transport can be obtained by considering
the breakdown of different modes of transport used by customers compared with
the figure for car travellers.

108



Part 11l Energy flows and indicators in urban areas

The average distance of travel between origin—destination pairs (from any
municipality to the RP) is determined by weighting each distance pair by the
number of people accounting for that trip, in accordance with mobility studies. It
is assumed that the distances covered are the shortest between two points
travelling by major roads (Figure 4.1.). Single-purpose trips to and from the RP
are considered.

If the breakdown of different modes of transport used by customers includes
walking, the average distance covered by ‘walkers’ consists of the distance from
the closest city to the RP, as it is not realistic to consider longer distances on foot.

For the analysis of employee transportation, the total travelled distance is
obtained by multiplying the average distance by the number of employees and
by working days (224 days/year). In the case of customers, an estimate for the
total travelled distance is obtained by multiplying the number of customers by
the average distance travelled.

Total distance travelled estimates are converted to total distance travelled by
vehicle by dividing it by the average occupancy of the vehicle. By using these
factors, total distances travelled by vehicle are determined for both private car
and public transit. The distances are then translated to fuel and TOE
consumption by using conversion factors (Table 4.1).

Table 4.1. Summary of vehicle energy efficiencies and conversion factors for
transportation operation. Source: [40].

Vehicle Efficiency (km/L)  Conversion to TOE (L/TOE)
Diesel auto 10.20 1150
Gasoline auto 9.34 1250
Diesel Bus 2.85 1150

Case study service system data: Data were obtained from the manager of the park,
one of the world’s leading retailers, by means of a survey and an interview, and
also from the many retail warehouses and other establishments in the park via
mail, fax and telephone calls. This information was provided in the form of
unpublished market studies.

Data were also obtained from fieldwork (installation of a vehicle classifier and
counter system, namely Metro-Counts 5600 series over 16 days in January-
February 2007). In the RP object of study, public transit consists of trips made by
bus, this being the only public transport available to reach the RP.

The number of employees was provided. Since there were no mobility studies
referring exclusively to employees, an alternative source of data was necessary.
Official local statistics relating to labour mobility [41, 42] provided a trip count to
all origin—destination municipality combinations for the case study municipality
(Sant Boi) with regard to trips from the place of residence to the work place,
revealing the work travel patterns of local residents. This data were provided
according to professional occupation (our focus was on the category ‘employees
in the service sector and retail salespeople’) and to transport mode distribution.
According to the mode share of these statistics, trips made by private car, by
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public transit and on foot represented an average distribution of 65%, 14% and
21%, respectively. A region-wide passenger car fleet breakdown by fuel type for
the region (Catalonia) was considered of 37.9% diesel and 62.1% gasoline [43].
The average distance travelled, total distance travelled and total distance
travelled by vehicle were calculated. Average automobile and bus transit
occupancy for the region of Catalonia was 1.28 and 20 travellers per vehicle,
respectively [44].

The park manager provided information based on market studies with regard to
the customers’ starting point and also their transport mode distribution, which
has a distribution of 99% by car and 1% by public transport. A proportion of
10% —detected from fieldwork—of the remaining vehicles were disregarded as
they were assumed to be travelling through the RP on their way to other
destinations. Passenger vehicles (with 2 axles) were taken into consideration,
representing 89.75% of the total vehicles. The number of customers that arrived
at the park by public transport was obtained by considering that 1% of the
customers travelled using this mode of transport.

Global warming potential assessment

This section provides an assessment of the environmental impact resulting from
the previously conducted EFA. Life cycle carbon emissions from primary energy
consumption were analysed to demonstrate the ultimate resource impact of
energy demand for the service system with respect to COo, attributing the
amount of CO2 created from the generation of electricity and fuel availability to
the activities undertaken.

An LCA is used as a tool to calculate the GWP of the RP service system in terms
of GHG emissions. The LCA was first defined by the SETAC as a method to
evaluate the environmental burdens associated with a product, a system or an
activity [45] (see section 2.3.2 for further details). It has been recognized as a
successful tool for identifying and then implementing strategies to reduce the
environmental impacts of specific products, processes and to compare different
options. In order to avoid subjectivity in the analysis we have only conducted the
steps of classification and characterization. For each source of energy the
processes of raw material extraction, production, stocking, transportation and
consumption have been taken into account, calculated with the aid of the
Ecoinvent database associated with SimaPro v.7.0. With regard to electricity, the
Spanish electricity generation profile was applied (coal 37.0%, nuclear 30.5%,
hydropower 16.0%, natural gas 7.5%, petrol 4.8%, wind 2.3% and other 1.9%).
The contribution of a given source of energy to the GWP impact category is
expressed in equivalent units of COz (COzeq) which incorporates COz, methane,
nitrous oxide and hydrofluorocarbons as GHG.

Energy intensity indicators

Three different indicators are proposed for the analysis of the RP service system.
If the goal is to control energy expenditure (economic objective of the park
companies), end-use energy consumption per area will be useful. This indicator
has commonly been quantified by dividing the total end-use energy consumption
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of the entire building with the total surface area of the building (for examples, see
[11, 20-22]).

However, according to our service system approach, we have further defined the
energy intensity of a purchase in the RP service sector, calculated as direct and
indirect end-use energy consumption per purchase by the average customer. This
indicator is a closer approximation than those used previously of the actual
energy consumption of a purchase in one or more stores in RP. It must be
interpreted as a gauge of integrated energy performance, which is useful for park
managers and local authorities in identifying potential improvements and
informing energy policy decisions. It could also be established as an essential
reference point for the subsequent evaluation of improvements in future energy
consumption.

If the policy objective concerns the environment, the appropriate indicator must
involve carbon emissions. The GHG emission intensity of a purchase in the RP
service sector is therefore calculated by dividing total GHG emissions by number
of customers.

4.3.2. Strategy proposal and sensibility analysis

Five strategies are proposed to test the (un)feasibility of reducing GHG emissions
in the RP service system. These strategies are focused on buildings (increased
supply and energy efficiency), transportation and planning (location and mix of
land uses). A sensibility analysis is conducted by assessing the energy and
environmental performance of each strategy. In order to determine the combined
effect of the strategies, two scenarios are proposed. Scenario 1, which considers
an existing RP, can be improved using strategies, which involve building and
transportation measures, while scenario 2, which considers the creation of a new
RP, can also consider the implementation of planning strategies.

Strategy 1. Increased supply: widespread implementation of renewable energy
technologies. Electrical energy supply can be increased by taking advantage of
local resources due to the fact that solar photovoltaic energy has high potential in
the area. Moreover, the design of RP buildings is particularly adequate for this
energy source as they tend to have relatively wide extensions of roofs free from
solar radiation obstacles. The solar photovoltaic potential is estimated following
the methodology described by the Spanish Energy Agency [46], using BP3165
solar panels [47] on the entire roof area (73 512m?). It is considered that each unit
of energy generated is equivalent to a unit of energy saved or conserved.

Strategy 2. Energy conservation: introduction of energy efficient technologies in the RP
buildings and streets. This scenario offers companies a large scope for energy
efficiency improvements involving refrigeration systems, illumination and
heating, ventilation and air conditioning systems. The European Commission
proposal for a Directive on the promotion of end-use efficiency and energy
services [48] identifies the building sector in particular as an area where
significant energy efficiency gains could be made at negative or zero cost.
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Strategy 3. Changes in personal behaviour related to transportation: transport mode
distribution. Differences in specific energy consumption per passenger-km for the
different modes of travel (Table 4.1) clearly indicate the environmental
preference for collective modes of transport. This scenario considers a shift of
50% of the employees and 20% of the customers that travel by car to bus mode.
We assume that reducing the number of customers travelling by car is difficult
due to the fact that buses are not adequate for carrying some types of purchase.

Strategy 4. Changes in RP location: inside the city, in a compact urban area. This
would reduce the average distance travelled as we consider that the average
distance for customers and employees to the RP municipality (Sant Boi) is
reduced from 2.2 to 0.5 km. It is considered that the average distance from the
other cities to the park remains unaltered as changes in distances between cities
are, on the whole, compensated.

Strategy 5. Changes in land mix uses: accounting for the multipurpose use of
automobiles. This methodological change significantly reduces the energy use
allocated for travelling to the RP since the single-purpose journey overestimates
the energy consumption used in transportation. This scenario considers only the
distance covered to reach the park but not the return journey (reduction of 50%
in distance covered), as it is assumed that the latter journey has another purpose
and is therefore allocated to another process. This is possible if considering a mix
of land uses integrated within the city as opposed to a mono-service system.

4.4. Results

4.4.1. Energetic metabolism of the service system object of study

This section provides the EFA, LCA and indicator results for the RP object of
study. General data relating to the number of employees and customers (each of
them equivalent to a purchase of a total-RP shopping basket), and to the average
distance they travel is shown in Table 4.2. The average distance covered by
customers is 46% greater than that covered by employees, considering this last
group as a whole.

Table 4.2. General data about the retail park object of study. Source: Produced using
data from market studies and vehicle counters.

Category Aspect Value Units
Number of employees 1400 equivalent employees
Average distance for walking 20 km/trip (one-way)
Employees employees
Average distance for motorised 5.8 km/trip (one-way)

employees

Number of customers (purchases) 4498 037 customers/year

Persons travelling to the

General customer profile 22
park/customer

Customers

Average distance for motorised

customer 7.3 km/trip (one-way)
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The overall EFA results and the contribution of each subsystem to the GWP are
shown in Table 4.3. The results for the energy-intensity indicators are shown in
Table 4.4.

Table 4.3. EFA and GWP in the RP object of study, including energy consumed as
electricity and other fuels for the year 2006.

Type of Consumption TEC2 Contribution GWP (kg Contribution
energy use Item (TOE/yr) to TEC (%)  CO:eql/year) to GWP (%)
Buildings 1611.2P 21.9 1.66-107 39.9
DIREcT ~ Outdoor 456 06 5.03-105 1.2
lighting
Gardening 0.7 0.0 1.96-10° 0.0
Employees 56 22 4.49-105 11
transportation
INDIRECT C
ustomer 55507 75.3 2.4110° 57.9
transportation
Total 7373.8 100.0 4.17-107 100.0

2TEC = Total Energy Consumption

® 90% of the energy consumed in buildings corresponds to electricity and the remaining 10% to
natural gas.

Table 4.4. Results for proposed energy and GHG emission intensity indicators applied
to the RP service sector for the year 2006.

Energy Intensity Indicator Result Units Goal
End-use building energy 2192 KOE/m? Economic
consumption per building area

Energy intensity of a purchase in 164 KOE/purchase Economic

the retail park sector

q . v of
GHG Crssion mter}sty ora 9.26 Kg COzeq /purchase  Environmental
purchase in the retail park sector

4.4.2. Sensibility analysis

Table 4.5 shows energy consumption if the five strategies were to be
implemented, with indications of the variation with respect to the case study. The
first two strategies represent a reduction of 25% and 27.2% of direct energy use,
respectively, while the remaining strategies show reductions in indirect energy
consumption of between 9% and 50%.
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Table 4.5. Sensibility analysis results. The strategies are compared with the reference
service system object of study (the variation of energy consumption is displayed in
brackets as a percentage). The scenario in which the strategies can be applied is shown.

Scenario Energy Use (TOE)
Strategy
1 2 Direct Indirect Total
1207.2 5716.3 6923.4
X X 1. Increased supply
ol (-27.2 %) (-6.1%)
Buildings
. 1243.3 5716.3 6959.6
X X 2. Energy efficiency®
(-25.0%) (-5.6%)
. 3. Breakdown of different 1657.5 4983.7 6641.2
X x  Transportation
modes of transport (-12.8%) (-9.9%)

1657.5 5203.0 6860.5

x 4. Retail park location (-9.0%) (-7.0%)

Planning
1657.5 2858.1 4515.6

5. Mix of land
X ix of land uses (-50.0%)  (-38.8%)

aScenario 2 considers an average efficiency improvement of 25% in buildings and open-air paved
areas. Research has shown that more than 20% of energy consumption in buildings could be saved
by 2010 by applying stricter standards to buildings undergoing refurbishment and new buildings
[49]. More specifically, in the supermarket sector, Arias [50] has demonstrated the possibility of
reducing energy consumption in different proportions (up to 60%), whereas other authors believe
energy efficiency of the sector may be improved by 10-15% with little investment [51].

Figure 4.4 shows the GWP related to each of the scenarios. Under the different
strategies, GHG emissions are reduced by between 5.0% and 29.3%, the mix of
land uses being the one that shows the best performance. Scenario 1, which
considers only the implementation of building and transportation strategies,
shows a reduction of 27.0% in GHG emissions. Meanwhile, the joint effect of all
strategies in scenario 2 (new RP) implies a reduction of 56.5% of the total GWP.

Figure 4.4. GWP profile under the strategies described. The broken line represents the
benchmark greenhouse gas emission of the retail park object of study.
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4.5. Discussion

Definition of the functional unit for the RP service sector is a determining factor
for our study. Once we have included customer and employee transportation in
our understanding of the service metabolism, the EFA results provide us with a
new picture of actual energy consumption in RP services. The focus is on
transportation energy demands, which exceed direct RP energy demand by more
than three times (Table 4.3).

The total energy consumption of the service system is highly conditioned,
although not completely determined, by urban form. Since the RP is located on
the outskirts of cities close to major road infrastructures (Figure 4.1) in an area
with no mixed-land uses where only service activities are offered, employees and
customers are required to travel long distances with the sole purpose of reaching
the park. Furthermore, activity at the RP is intense, attracting as it does large
numbers of customers to a distant place, and vehicle energy intensities are high
as cars are the predominant mode of transport. Despite all of this, transportation
has not commonly been included in service systems analyses, although it is
broadly accepted that it accounts for a significant proportion of urban
anthropogenic energy [52], as shown by the EFA results.

By contrast, energy consumption in buildings —representing approximately only
a fifth of total energy consumption (Table 4.3)—has been the main focus of
research to date. In this case study, it has not been possible to determine which
equipment consumed this energy due to a lack of measuring systems, which is
one of the main drawbacks in services sector monitoring [11].

On the other hand, energy consumed in RP outdoor areas (lighting and
gardening) appears to be negligible, representing less than 1% of the total energy
consumption (Table 4.3). As a consequence, efforts should not be focused on
these subsystems.

When we assess the GWP of service system energy consumption, direct energy
use significantly increases its relative contribution to the whole calculation,
ascribing to the buildings subsystem a share of almost 40% of the total COzeq
(Table 4.3). This higher share is due to potential GHG emissions depending not
only on the amount of energy consumed, reflected in the EFA, but also on the
energy source consumed. As 90% of the energy consumed in buildings consists
of electricity, the mixed production of electricity in Spain and electricity network
losses have been considered, increasing their contribution to the GWP.

Indicators have been defined to monitor variations in energy consumption and
GHG emissions, both being relevant in understanding changes to the system
metabolism. End-use building energy consumption per building area has been
calculated in order to benchmark the RP and permit comparisons, as this has
been the common means of expressing energy intensity in the sector.
Nevertheless, we would like to focus on the following two indicators, which
include indirect energy use, to assess the real energy intensity of a purchase in a
RP. The results reveal the substantial impact of service activities— each RP
purchase has an equivalent emission of CO: of 9.26 kg, which is increasingly
becoming a focus of attention across the research literature (for examples, see [12,
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53, 54]). This result is comparable to the ones obtained by Oliver- Sola et al. [24]
of 2 kg COzeq per user of an urban park without considering transportation. In a
broader context, the average Spanish CO: emission is estimated to be 10.153
tonnes COzeq/year [55]. If we consider that each purchase made by a customer
supplies the shopping needs of a household unit, which corresponds to 2.79
people for the area under study [56], each action of purchasing in a RP would
contribute 0.03% to the total yearly emissions of the members of a household.
Considering that this action occurs on a weekly basis, purchasing at a RP would
contribute to more than 1.5% of the country’s annual total emissions. Therefore,
the role of services in GHG emissions management and their significant GWP is
consequently enhanced.

The relative contribution of each subsystem to the GWP highlights the
importance of both direct and indirect energy uses within service systems. An
individual strategy, one which considers changes in land mix uses, turned out to
have a major influence on the reduction of RP energy consumption and
emissions (Table 4.5, Figure 4.4). These results can be interpreted as agreeing
with the hierarchy of energy-related choices presented by Jaccard et al. [57], who
placed urban land use and infrastructure at the highest level, as urban form
affects the level of energy service requirements.

In terms of energy consumption, the transportation strategy provided the next
best performance (Table 4.5), although this could have been improved still
further had more ambitious initial assumptions been considered. However, the
GWP assessment indicates higher relevance for direct energy use strategies as
they imply a reduction in electricity consumption, an energy carrier with higher
related GHG emissions. Consequently, the potential improvement with respect
to the case study in terms of emissions is rather limited for strategies 3 and 4.

An existing RP (scenario 1) could reduce its emissions by focusing efforts on
electricity supply and conservation measures and also on transportation
strategies, as it would not be able to take advantage of the planning measures.
The latter measures would seem to be the most effective and are a fundamental
in determining the energy demand of anthropogenic systems, energy use
remaining in the shadow of land use policy due to the influence of the latter on
constructed and natural environments [58, 59]. However, these measures alone
cannot attain the goal of reducing service sector GHG emissions by half.
Consequently, there is an urgent need to implement combined strategies to tackle
GHG emissions in the sector, with regard to both planning and buildings.
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4.6. Conclusions

The paramount role of energy in the study of anthropogenic systems is evident.
In the RP service sector, the inclusion of employee and customer transportation is
crucial in defining its function, as this strongly conditions EFA results. Our
analysis of a Spanish case study RP indicates that the role of transportation must
be highlighted due to the fact that it represents three quarters of total energy
consumption for the service system, a subsystem that has been neglected to date.
However, GWP assessment in relation to energy consumption reveals a new
picture in which electricity consumption in buildings is also prominent,
contributing 39.9% of emissions compared with 57.9% for customer
transportation.

Energy-intensity indicators, which have to date focused on energy consumption
in buildings, have been further defined to provide coherence with actual
energetic metabolism. The energy and GHG emission intensity of a purchase in
the RP object of study, estimated to be 1.64 KOE and 9.26 kg COzeq per purchase
in the year 2006, enhance the role of service systems in the struggle to reduce
GHG and global climate change. The scenarios described show that relatively
high potential exists for the reduction of carbon emissions in employing
combined strategies under an integrative approach. In this respect, reducing
service system emissions by more than 50% is feasible in the case of a new RP.
However, if the strategies are to be applied to an existing RP, GHG emissions
could be reduced to a lesser extent, by up to 27%. Although it has been widely
recognized that planning strategies are fundamental in determining the energy
consumption of urban systems, any attempt to focus on planning alone could not
attain the goal of reducing emissions by half, and it should certainly be
complemented by the implementation of other strategies such as energy
efficiency, conservation and increased supply. The combined implementation of
these strategies could contribute significantly to stimulating the government and
companies’ responsiveness to the threat of global climate change on a local scale.
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