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ABSTRACT

Subject: sustainability modeling.
Key words: Urbanism, architecture, construction, energy, dleaaming.

A great deal of essays exists that quantify theggneonsumption and carbon dioxide emissions
of the building constructions. Others essays, nmash, have quantified some either roadbeds or
sidewalks of different materials. However, on thee gide, it is incipient the generalization of
buildings and infrastructures typologies. On thbeotside, some stages of the building and
infrastructure life cycle receive greater attentforanufacture of the element materials, consume
of the function during the life) than other suchths construction, which calculation is more
complex.

It is presented a study about the energy consummitd emissions of the construction of
different city models based on discernments analteesf experiences of existing calculations. It
is quantified the emissions and the non-renewabhéegy used directly or indirectly in order to
transform, manufacture, transport and constructadn the building structure, the road
infrastructure, the drainage system, the seweagjersy drinkable water and public lighting.

Subsequently, it is completed with the common valokthe complete life cycle and the results
are referred to conventional ratios: per habitpet, gross hectare, per square meter of building
roof and home unity, with revealing results.

Due to it consists of contrasting different towiasmhing models, only it has been quantified the
elements of the building structures (neither caginor finishing coatings nor installations of the
building). In addition, because of the variabilitithe results depending on the materials chosen,
it has considered common materials, with exceptibrthose which are inherent of the own
model (metallic structures of the block of the Aman downtown or reinforced concrete
structure of the Asiatic city blocks and ex-sovgtefabricated concrete sidewalks of European
city and asphalt pavement sidewalks in Americag).ciDther kind of infrastructure has been
obviated for having topology modalities and costsyvdependent on the regional cultures, such
as the electricity energy infrastructure or thdemilve heating.

From the combination of different types of urbarnsn@eticular, concentric-ratio, lineal, fractal
and organic), of the different types of blocks §&d, opened, permeable) and of edification
(vertical and horizontal blocks, collective housedividual house between dividing walls,
terraced house, semi-detached house or isolatagsehothe results are representatives of the
places and the shapes of current town-planningeede cities.

It is considered the residential closed block esitmam and short blocks ( Barcelona and Buenos
Aires) and tall blocks( New York), the American daawn ( Manhattan and Chicago), the

isolated building extension ( Rome and Barcelortag residential low density suburbs of

reticular type (Chicago, Paris and Tokyo), de lingpe ( London, Barcelona and Los Angeles)

and the fractal type (Miami, Atlanta and Washingtdhe functional residential horizontal blocks

housing states of the East Europe countries (Barid Moscou) and of vertical blocks of the

Asiatic metropolis ( Abu Dabi, Hong Kong, Pekingside other models less generalized but
interesting as the permeable blocks expansion @leBupoean (Berlin and Munich) and the

collective housing states of the Central Europee{ldeirg) and Asiatic ( Shangai).
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RESUMEN

Topico: Modelizacion de la sostenibilidad
Area: Urbanismo, arquitectura, construccion, energiantamiento global

Existen abundantes trabajos que cuantifican eluwwoo®nergético y las emisiones en dioxido de
carbono de la construccion de edificios. Otrosdj@ady muchos menos, han cuantificado algunos
firmes o aceras de diferentes materiales. No otestas incipiente la generalizacion a tipologias
edificatorias y de infraestructura. Por otro ladlgunas etapas del ciclo de vida del edificio o la
infraestructura reciben mayor atencion (fabricacilen elementos materiales, consumos de la
funcion en vida) que otras etapas como la constmcauyo calculo es mas complejo.
Se presenta un estudio sobre el consumo energgtias emisiones de la construccion de
diferentes modelos de ciudad a partir de los @wdey resultados de experiencias de calculo
existentes. Se cuantifican las emisiones y la éamergp renovable utilizada directa o
indirectamente para transformar, fabricar, trantspor construir la estructura de la edificacion, la
infraestructura viaria, el alcantarillado, el agpatable y el alumbrado publico. Luego se
complementa con valores comunes del ciclo de vodapteto y se refieren los resultados a ratios
convencionales: por habitante, hectarea bruta,onwetadrado de techo edificado y unidad de
vivienda, con resultados reveladores.

Como se trata de contrastar distintos modelos isberns, solo se han cuantificado los elementos
de estructura edificatoria (no los cerramientoapados ni instalaciones de edificacion). Por otro
lado, debido a la variabilidad de los resultad@giados materiales elegidos, se han considerado
materiales lo mas comunes posible, a excepciémaellas que son inherentes al propio modelo
(estructura metalica del bloque del downtown ameco estructura de hormigdén armado del
bloque de ciudades asiaticas y ex-soviéticas; aderpieza prefabricada de hormigén en la
ciudad europea o acera de pavimento asfaltico eriddad americana). Otro tipo de
infraestructura ha sido obviada por tener unas titztbes de tipologia y coste muy dependientes
de la cultura regional, como la infraestructuradergia eléctrica o de calefaccion colectiva.

A partir de la combinacion de diferentes tiposrdentr urbana (reticular, radioconcéntrica, lineal,
fractal, organica), de tipo de manzana (cerrad&rtab permeable) y de edificacién (bloque
vertical y horizontal, casa colectiva, casa indmaldentre medianeras, aparejada o aislada), los
resultados son representativos de lugares y fodeasudad referenciales del urbanismo actual.
Se considera el ensanche residencial de manzaaa&srblogue bajo (Barcelona, Buenos Aires)
y de bloque alto (Nueva York), el downtown amera@élanhattan y Chicago), el ensanche de
bloque aislado (Roma, Barcelona), los suburbiosl@asiales de baja densidad de tipo reticular
(Chicago, Paris y Tokyo), de tipo lineal (LondrBsrcelona, Los Angeles) y de tipo fractal
(Miami, Atlanta, Washington); los poligonos residiates funcionalistas de bloque horizontal de
los paises de Europa del Este (Berlin y Moscu) pldgue vertical de las metrépolis asiaticas
(Abu Dabi, Hong Kong, Pequin), ademas de otros Insdenenos generalizados pero
interesantes como el ensanche de manzana pernwaitfeeuropea (Berlin y Munich) y los
poligonos de casas colectivas centroeuropeas (iFggib asiaticas (Shanghai).

Pol Adarve Panicot - ETSECCPB —UPC 2008-2009 Page 6



Energy consumption and carbon dioxide emissiotise€onstruction of six urban models

TABLE OF CONTENTS

= 1S I 7 3 PP EERRR 5
RESUMEN ...ttt e e e e e e e s bbb e et e e e e e st be b e et e e e e e e e annnnrne e 6
1 MATTER OF INVESTIGATION ...coiiiiiiiiiieiee ettt e e e e et e e e e e e e e e e snneeeeeeeaens 10
P O 1 N 1 =l O LY I S PSPPI 11
3 THEORETICAL FRAME ...ttt ettt e e e e e senne e e e e e e 12
3.1 Background and NISTOIY ..........uuuiiiiiiiiiiieieie e 12
3.2 Sustainability INAICALOIS .........uuuuruuiurimmmmmeeeeit s sssseesnenessnenes 13
3.3 Indicators precedents and modeling of sustainatlerudesign.............ccccccevvvvviviennene. 14
3.4 Calculation precedents and reference data coeeeeee.ooooeveviiiiiiiiiiiiiieeeeeee 15
3.5 Energy and C@emissions as a indicators of reference ....ccccccccoeoveeviiiiiiiiiiinenen, 16
3.5.1 Embodied energy and embodied £#nission of materials manufacturing phase 16
3.5.2 Embodied energy and embodied ££nission of construction process.......... 17...
4 METHODOLOGY ....iiiiiiiiiiiiie e e e ittt sttt e e e e a2 e e s s snsbsae e e e aeeeeessnmnnneaeeeseanannneeees 18
4.1 Life CYCle ASSESSIMENT .....uuuiiiiiiiiiiiiiiimemmmme e e e e e e e e e e e e e e e e e et e e e ae e e e e e e aaaaa s 18
4.2 MOdEl Of ANGIYSIS ...coeiiiiiiiiiiitiiee e 18
4.3  Analysis model and adopted iNAICALOrS .........uuuueeeiieiieeiiiiiiiieiieeiereeeeeeeeee e 19
4.4 Calculation MELNOM........oiiiiiiiiiiee e 20
4.4.1 Definition of public infrastructure constructiveins ..............cccoooeeeiiiinn. 0.2
4.4.1.1 Composing items for the roadway CONStrUCION............vvvvvuviimiiiiiiiiiiiininnns 20
4.4.1.2 Composing items for the sidewalk consStruction...............cccccoeeieieiiiinenennnn. 20
4.4.1.3 Composing items for the drainage system CONStMICLIO...............uuuueumnnnnnnns 21
4.4.1.4 Composing items for the sewage system constructian..............cccceeeeeeeee. 21
4415 Composing items for the roadway construction.Conmgpstems for the
drinking water System CONSLIUCLION..........ccceeeuiriiiiiiiiiiiiiiiiieiinieireerrnene e eeeeeeees 22
4.4.1.6 Composing items for the lighting net installation.............ccccccvvvvvviviiiiieennne. 22
4.4.1.7 Gardening and street trees planting....... cocceee e 22
4.4.2  Definition of private building cCoONstructive temMS ...........cevvvvvviivveiieiiiiieiiiiinenns 23.
4.4.2.1 Earthworks for basements and foundations ..............ccoeviiiiiiiiiiiiiiiieeieennnne. 23
4.4.2.2 Composing civil works for foundation and shear wakecution.................... 23
4.4.2.3 Composing items for frame structure conStructian.................eeeueeneennnnnnnns 24
4.5 Reference data SOUICES ........oooiiiiiiiiiiiiiiiiie ittt eemneeeeeeeeeeeeeeees 24
5 CHARACTERIZATION OF THE URBAN MODELS..........ociiiiiiiiiiiiieeeee e 25
5.1 Selection of the chosen urban Models ... 25
5.2 Description of the chosen models...........coooeeeiiiiiiiiiiiiiiiiii e 26
5.2.1  American CloSed fabliC..........uuuiiuiiiiiiceeeee ettt ee e e 26

Pol Adarve Panicot - ETSECCPB —UPC 2008-2009 Page 7



Energy consumption and carbon dioxide emissiotise€onstruction of six urban models

5.2.2  European closed fabriC ..........oooiiiii i s eeeeeeeteeieeieeteeeeveeeaev e eneneeeeeee e 27
5.2.3  Vertical block open fabric ... 28
5.2.4  Horizontal block open fabriC............oo e 29
5.2.5 Reticular detached NOUSES ...........c.uiiimmemee e 29
5.2.6  Fractal detaChed NOUSES..........cooiiiiiiiieeeeee e 31
6 DESIGN AND SIZING OF THE URBAN MODELS.......cooiiiiiiieeeee e 32
6.1 Definition of the StUdY Qreas...........uiiicceee e 32
6.2 Infrastructure Of Urban SEIVICES ............eeemiiiiiiiiiiiiiee et 32
2 R B 1 =V g F= Vo TSI V] (=] 0 PP 33
6.2.1.1  Calculation of gutter Separation ..........ccccccceeeeeeeeeieiiiiiei e 33
6.2.1.2 Reference flow calculation ..................coceeeiiiiiiiiiiiiiiiiiiieie s 34
6.2.1.2.1 General APPrOaCH.........ccviiiiiiiiiiiiiiiieeeeee e 34
6.2.1.2.2 Design Formulae ( hydrometereological method)..............ccccccecnnnnnns 34
6.2.1.2.3 Average Intensity of precipitation...........cccccuuiiiiiiiiiiiiiiiiiiiiis 35
6.2.1.2.4 Concentration tiIMe .........oooiiiiiiii s 35
6.2.1.2.5 RUNOM ...ttt 36
6.2.1.2.6 DraiNage DASINS .........uuuuuuuiiiiiiiiinis e e e e e e e e e e e e ea e e eeeaeaeaeeeeeeeaeaaaaees 37
6.2.1.3  Drainage SYSLEM [AYOUL.........uuutuuiieeetme e e e e e e e e e e e e e e e e eeeaeeea e e eaeaeeeeeeeeeaees 37
6.2.2  DIINKING WALET .....ciiiiiiiiei ettt eeerse s 39
6.2.3  SEWAJE SYSIEIM ...ttt ettt e e et e e e aaere 40
6.2.4  Tree alignment and GNTING ..........uuuuiirceeeereiiieiiiiieiieiieieeiieererer e 41
6.3 SIEEL SECLIONS ...t s ettt ettt et ettt e ettt e et et e teetesbs s e e e neeeaaeaeaeaaaeaeaeaeaees 45
6.4 BUIIAINGS ... .o 51
6.4.1  Frame Structure StMALION ..........coeii i ceeeeee e ee et e e 52
A = 4 =21 6 1 5 SR UPR PR 54
7.1 Measurements model by Model....... ..., 54
7.1.1  DraiNage SYSTEM ... s e e eeeseeeeeeeessessssssssstssssss e memneeeeeeeeeees 54
T7.1.2  DriNKING WALET ....cii ittt e e e e e e e e e e aesne s 55
7.1.3  SEWAJE SYSIEIM ...ttt ettt e e e e e e et bbb rne e e e e e e e e e eeeae 56
7.1.4  PUDC HONTING ..ttt ettt e e e 57
7.1.5  Tree alignmeNnt.... ... 58
7.2 Results of energy consumption and CO2 €MISSIQNS ccx..evvviveivieirerieieeiieieiieenennnes 59
7.2.1  PUDC INfraSIMUCTUIE .....cceiiiiiiiii e 59

7.2.1.1 Energy consumption in material manufacturing andstwiction stagesr
hectare 59

Pol Adarve Panicot - ETSECCPB —UPC 2008-2009 Page 8



Energy consumption and carbon dioxide emissiotise€onstruction of six urban models

7.2.1.2 Energy consumption in material manufacturing andstwiction stages per
inhabitant 60

7.2.1.3 Carbon dioxide emissions in material manufacturmgl construction stages
per hectare 61

7.2.1.4 Carbon dioxide emissions in material manufactumgl construction stages
PEr INNADITANT ... .ottt e e nene e e e e e e e e eeeeeeeeeeeeeeeees 63

8 REFERENCES ... oottt e e e e e e e e e et e e e e et e e e r e 65
ANNEX I. DETAILED MAPS
ANNEX II. TABLES

Pol Adarve Panicot - ETSECCPB —UPC 2008-2009 Page 9



Energy consumption and carbon dioxide emissiotise€onstruction of six urban models

1 MATTER OF INVESTIGATION

The world’s population, particularly in developesuatries such as Europe, is moving from rural
to urban areas. For instance, more than a quaftBumpean Union’s territory has now been
directly affected by urban land use; by 2020, rou@®% of Europeans will be living in urban
areas. As a consequence, the various demandsfbiriaand around cities are becoming acute.
On the day-to-day life, we all witness rapid, vigiland conflicting changes in land use that are
shaping landscapes in cities and surroundings eer efore (European Environment Agency,
2006). Thereby, urban settlements are expectedciease in variety and size throughout this
century taking land around them forcing agriculttwemove outwards and in turn displacing
forestry to smaller zones.

The reason to be of this master thesis arises frmrproblematic that bear urban settlements
from an environmental impact approach. Urban aaeasormed by a number of components that
are not only very costly in economic terms, bubatsenvironmental terms. The main part of the
elements used to built cities need stunning amaofntsw materials and vast quantities of energy
to be manufactured on both constructed ‘in sit@ aranufactured.

Foremost, the problematic appears since citiescangplex, non repetitive containing a lot of
different types of materials and are constructediffgrent methods. Therefore, there has always
been abundant works that quantify the environmamnphct of simple manufacturing products
but much less in civil engineering elements thahewnly are exclusive and not mass produced.
Some works, have assessed several pavements walidanade of different type of materials.
However, there is barely research on the genetmlizaof the building typologies and
infrastructures. Additionally, some stages throughbe life cycle of products have already been
matter of research (manufacture of material comptspemaintenance within the lifespan)
leaving the construction works into an unexploredain. Looking at the material components
themselves they can have an associated embodigdremental impact which can be calculated
by the energy required to treat raw materials faleé needed for transport, plus energy consumed
through the remaining processes until final prodsigfot. In contrast, when it comes to assemble
all the elements that compose cities it becomesrasiraightforward task to play around with
different sets of components in order to find thgiroal performance that optimize energy
consumption, natural resources and urbanized leeal a

Several researches have investigated in the figldeoeconomy of cities reaching to some extent
at similar outcomes. Nowadays, there is a worldwadesensus that dense urban areas provide
economies of scale and accumulate wealth. On ther aide, this consensus touches on the
environment field which has been proved in a nundferases that dense urban areas and some
structural typologies are more ‘eco-friendly’ tHaw-density ones. However, there is still a lack
of reliable data of what building a city with &iielements really means and which the way to get
the best performance is. Therefore, constructiceitis and its functional elements requires very
energy intensive processes and vast amounts ofahatsources that have to be carefully
analyzed.

It is in the 21th century that the current ratepopulation growth and in turn the increase in
urbanized area to host those new citizens is thingag the environment and ecosystems. Thereby,
the role of cities is playing a prime role in therrent century where the trends are pointing to
settle down in high dense areas. When it comesntb dut the best performance in terms of
population density, street layout, building typotagnd percentage of green areas among other
features there is a non-clear consensus and thetdl & long way for research.
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2 OBJECTIVES

In order to develop properly the content of thipgrait is crucial to state the aims to achieve. We
could describe the aims of this project in two mgioups. On the one side, the aim is to expand
the knowledge in urban design going into detailshef components and networks that cities are
made of. Within this first group the goals are tlielerstanding of the urban patterns that cities
have adopted over history, the reason to be oérdifft street layouts and building typologies and
in an engineering level the comprehension of siang design of the city components to meet
the functional and qualitative needs. On the otide, the so-called second main group within
these objectives is framed in environmental impassessment by means of the understanding of
sustainable indicators such as energy consumptiohcarbon dioxide emissions due to the
construction of cities and its materials. Finatlyere is a point where these two main blocs get
overlapped and the meaning of the results has emakyzed and discussed properly.

Generally the operational goals we want to achieyedeveloping this master thesis can be
summarized in the followings points:

1) Complement the knowledge on urban design, publfcastructure and service
networks which cities are made of and compare rdiffetypologies worldwide.

2) Quantify by means of conventional environmentaligatbrs -energy consumption
and carbon dioxide emissions- the material manufaxg and construction stages of a
selection of representative urban models.

3) Characterize the impact of the different typolobfeators (type of urban street layout,
building morphologies, green open space, and imiresire typologies) and
discriminate the most important.

4) Interpret outcomes from a urban planner point @wiand express them in urban
parameters such as per inhabitant energy consumatid release of GQand per
square meter of built floor.

5) Be capable of discuss the sustainability in terfnsnergy consumption and emission
of CO, of different urban patterns and building typolagieegarding material
manufacturing and construction stages.
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3 THEORETICAL FRAME

3.1 Background and history

Sustainability is important and have became inte thainstream since its definition was
established by the United Nations (UN) in the Jolsburg Declaration in 2002. The UN
defines sustainable development“dsvelopment that meets the needs of the presdhbwii
compromising the ability of future generations teamtheir needs(United Nations, 2002). The
current patterns of modern society based on métgumds consumption constitute an
unsustainable lifestyle, in terms of natural researextraction, that compromise not only future
generations but also the present and short-termepsalife. Nowadays, society's collective
reliance on land and nature for food, raw matergadd waste absorption results in a resource
demand without precedent in history.

The design and construction of civil works haverbiaditionally driven for quality criteria, cost
and deadlines that are no longer adequate toys#tisidemands of sustainable development

The environmental assessment will become, undolyht@done of the fundamental processes in
the decision-making of any productive sector thastto frame within the sustainable principles.
Particularly in the construction sector that regsivast amounts of raw materials and energy, and
generates huge amounts of waste and release ofhginege gases. With a contribution of 10% in
the global economy, consume up to 40% of total ggneroduction and contribute significantly
on climate change (Energy Information Administratia008).

There is a worldwide consensus that current patefnconsumption and goods production,
particularly in developed economies, are the manse of Earth’s environment degradation.
However, additionally in the past two decades emgrgconomies such as the case of China,
India and Brazil among others started to raisdekiels of consumption and production with an
overall amount comparable with western countriemeathough the per capita consumption is still
low. The adoption sustainable monitoring, for ins&® measuring changes in consumption
patterns by establishing indicators, provide stalddrs with integrated variables of current and
potential future trends giving information to resgdawith appropriate guidelines and regulations.

The highest levels of energy consumption, poweegsion and carbon dioxide emissions have
been concentrated mainly in the United States,nJapd the European Union releasing up to 40
per cent of the global greenhouse gases emisslonsontrast, the last two decades have
experimented astonishing rates of economic growttieiveloping countries, especially the very
populated economies of east and south Asia. Thesitelras turned now the highest rates of
consumption to the emerging economies. As a rebiita has taken the lead in terms of carbon
dioxide emissions exceeding any other country éwtorld though China’s per capita emissions
are still not comparable to any developed couriRgsen, D. H. and Houser, T., 2007).

The nature of the indicators themselves let usuantfy and compare between nations and
regions providing a reliable monitoring tool thatnigs us the opportunity to export practices
and/or polices from side to side. Implementing ainsible economic and social polices claims for
a coordinated action of both stakeholders and publihereby, these indicators may be
scientifically conducted but at the same time thayst be intelligible and attractive for all the

stakeholders involved.

The key points required for economic growth arergyematerials, forestry, water and land.
Therefore, indicators are crucial for monitoring tisse and evolution of these resources linking
the consumption levels with environmental impaaisesl by the extensive extraction of them.
Throughout history, different raw material have ibesed for power generation; from its early
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beginning of industrial revolution with wood andtesq then coal, later petroleum and natural gas,
and recently, to a significant extend, nuclear powe

Even though there have been initiatives and facisiplement energy efficiency in many sectors
such as manufacturing, construction and transpontathese improvements are still far from
resounding. Developed countries (particularly thdustry sector) account about 60% of the
global energy consumption although houses only 20%he world’s population. The most

energy intensive sub-sectors are iron and steeinaals, petroleum refining, pulp and paper,
cement, agriculture, construction and transporthoaigh household consumption is also
significant ( Bentley, M. and Leeuw, B., 2000).

Recent trends in small-scale business of powerrgéoe seem to point towards renewable
energy sources, even though there is still a loag t®@ compete with current technologies that
have fossil fuels as a main resource.

Energy is an indisputable engine of developmemtilltkeep expanding in the developing world
what will cause serious problems at local and dlsbale. Therefore, any effort towards energy
optimization is a clear step forward to a moreausible world.

3.2 Sustainability indicators

Over the past century many there have been movenoérsiociety and official organizations to
quantify human impact on Earth and to try to setigjines in any governmental level to regulate
human development. The construction of urban se#teés and public infrastructure in general
have been traditionally governed by quality, castl deadline criteria that are not enough
anymore, to meet the requirements of a sustaindblelopment. One tool to quantify the
environmental impact of industrial products is tBavironmental Impact Assessment (EIA)
which brings us the interaction between the prodtitiand and the environment from "cradle-to-
grave’, and will become without a doubt, one of shadies of reference that should be conducted
in any industrial product that is expect to be feanwithin the sustainable principles. Particularly,
in the construction sector that requires great tjtees of raw materials and energy, and produce
large volumes of emissions and waste (Antequeamd Carrera, E., 2009).

In the path of trying to quantify the sustainalilif any product or activity we need a proper tool
to let us measure, compare and classify the diffeadternatives. Such tools that have been
promoted over years are indicators which focus arep@esentative aspect of a process that
describes a part of a whole. These indicators eacohtrolled by a sole variable (number of cars
in a municipality) or by a group of them, for insta, the squares meters of urban green area per
inhabitant, or finally, they can also be found maéated composing complex indicators such as
economic ones.

An indicator is a sign generally measurable whikbve us a quantitative or qualitative feature
from which we may derive information of the pakg turrent situation or forecast the future of a
system. Likewise, governmental regulations conasistset goals by means of such indicators
which society has to strive for in order to achi¢vem and guide human beings towards a more
sustainable development.

Some of the targets stated by United Nations (UiN)gtide humanity towards sustainable
development are, regarding to environmental isserasssion of greenhouse gases, consumption
of ozone depleting substances, ambient concentrafiair pollution in urban areas, among many
other ones. And once again, we may appreciatethateve cannot deal with the entire problem
but by using specific indicators we can concentmtea concrete aspect that provides crucial
guidance for decision-making in a variety of waysifed Nations, 2000).
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Others similar targets are also the Johannesbuarg éflimplementation and the Commission on
Sustainable Development (CSD) which encourage durthiork on sustainable indicators by
countries and states specific conditions and pigsti Furthermore, the Chapter 40 of the Agenda
21 claims for the necessity to develop indicatorssustainable development by countries at the
national level and governmental and non-governnhertganizations at the international level
(United Nations, 1992).

Within the European Union we may find a Core Selndicators (CSI) clustered in ten subjects
(agriculture, air pollution, biodiversity, climathange, energy, fisheries, terrestrial, transport,
waste and water) with the purpose of (1) providatgble and manageable basis for indicator
reporting by European Environmental Agency (EEA)) prioritizing improvements in data
quality from countries to European level, (3) stnéaing contributions to other indicator
initiatives, and (4) strengthening environmentaielnsion alongside economic and social
dimensions (McGlade, 2004).

3.3 Indicators precedents and modeling of sustainablerban design

There are different indicators that adjust betitemntothers to model the sustainability of a real
fact and which have been supported more than ofbewsfficial organizations and public. One
of the most accepted so far has been a contribbyowilliam Rees who establish a land area
index to express the health of individuals, hous#joccommunities, cities and even the whole
world. Rees provide a visual indicator called Egatal Footprint (EF) index that means the
equivalent land area needed to sustain daily éietsyiabsorb carbon dioxide emissions and the
demand of terrestrial land and ocean surface feretktraction of raw materials and food. All
Ecological Footprint Methods (EFM) developmentsfaohave been based mainly in the first
proposal by Rees and Wackernagel (1994) whichaargted in the principle that any energy or
material consumption requires a certain land topbeduced and assimilated back to the
environment. Every type of consumption taken irtooant to calculate the EF is multiplied by
the specific land need index and the total EF caroltained by summing up footprints per
separate. As Stoeglehner and Narodoslawsky (2008gs in their work, the initial method has
been criticized for: (1) the way the consumptioexamined, (2) the inability of EF to take into
account impacts such as toxicities and effect iosgstems, and (3) the linked concept that
footprinting has an anti-trade bias.

The shortcomings of the first model are, in thedingt the carbon cycle is neglected, i.e., burning
fossil fuels entails release carbon stored in ithedphere in different forms into the atmosphere
in gas form. In order not to alter the environmehntcannot be emitted more gas in the
atmosphere than the one phased back into the pitleos. As Harrison (2003) notes in his study
currently about 30 times more carbon is emittedhie atmosphere than what can actually be
phased out in the lithosphere (Harrison, 2003).

Additionally, other indicators have been developadh as the energy consumption or release of
pollutants as well. One of the pollutants of refe@ by the UN is the release of carbon dioxide or
the so-called greenhouse gases GHG contributariéntiate change and inextricable indicators of
levels of fossil fuels consumption. The Energy tnfation Administration EIA describes GHG
as chemical compounds found in the Earth’s atmasptieat let the sunlight enter freely but
when the sunlight is radiated back into the spaeergouse gases absorb this infrared radiation
and trap the heat leading into an increase of gihwg’s temperature. Many gases have these
properties in the atmosphere (water vapor, carbmxide, methane, and nitrous oxide),
meanwhile others are directly manmade (certain dtril gases). Greenhouse gas emissions
come basically from the combustion of fossil fugisenergy use. Energy use is largely the

Pol Adarve Panicot - ETSECCPB —UPC 2008-2009 Page 14



Energy consumption and carbon dioxide emissiotise€onstruction of six urban models

consequence of economic growth with short-termtflatons in its growth rate created by
weather patterns affecting heating and cooling séedleveloped countries, as well as changes
in the fuel used in electricity generation grid.r Hastance, energy-related carbon dioxide
emissions, resulting from the combustion of petroiecoal, and natural gas, represented 82% of
total U.S. anthropogenic greenhouse gas emissiod806 (Energy Information Administration,
2008).

3.4 Calculation precedents and reference data

As is stated above there is no data found of enalolbelnergy and carbon dioxide emissions of the
construction of entire cities, although there iscmmore said of subcomponents of a city such as
road pavements, sidewalks or buildings. For in®amcthe international context, we may find a
study titled Development of a life cycle assessment tool fostcoction and maintenance of
asphalt pavementsarried out by Huang et al. (2008) where thesearehers developed a Life
Cycle Assessment (LCA) of pavements in order tess#s environmental impacts. Huang et al.
describe the development of a LCA model for theeca$ pavement construction and
maintenance complemented by up-to-date researdimdis. One of the outstanding results is the
production of hot mix asphalt and bitumen whiclfioisnd to represent the most energy intensive
process (Huang et al., 2008).

When it comes to building construction data, ithe field where more data have been found,
especially on commercial buildings more than residéones. The construction of buildings has
a determining role on environmental threats throcghsumption of land, and raw materials and
generation of waste. At the same tinitejs a significant user of non-renewable energyg an
greenhouse gases emitter. While environmental sskeeome more and more important the
energy consumption decreases andeffieiency increases over the lifetime of a builglieading

the construction stage impacts as a one of greatportance. A study titlecEnergy and
environmental indicators related to construction affice buildingswritten by Dimoudi and
Tompa (2008) collects data of embodied energy hadcguivalent emissions of G@nd SQ in
contemporary office buildings. It also stresses ithportance of the embodied energy of the
structure’s building materials (concrete and raicdonent steel) which represents the largest
component in the building’s total embodied energyying from 59 to 67% of the buildings
examined in their study, while other componentshsas the building’s envelope materials
represents a lower but significant proportion o thuilding’s total embodied energy. Another
outstanding result of their study is that the eméddenergy correspondence varies between
12.55 and 18.50% of the energy needed for the tiperaf an office building for over a 50 years
life (Dimoudi, A. and Tompa, C., 2008).

Another item found to have reference data is caaaneganufacture. Literature reviewed in this
field is from a study titledsreen House Gas Emissions due to Concrete Manuéattiten by
David et al. (2007). In that case the analyzedcetdir is the carbon dioxide emission released on
all the stages that concrete passes through ta §etl product. The COemissions are often
used as an index to compare the environmental impladifferent construction materials in
Environmental Sustainable Design (ESD). The issafegnvironmental impacts of concrete
production have become important since many majfsastructure owners are now requiring
ESD. In this study, portland cement is found tathee main source of C{Qemissions generated
by typical commercially produced concrete mixesnpeesponsible for 74 to 84% of the total
CO; released. The next major source of-EQissions in concrete are coarse aggregates, being
responsible for 13 to 20% of total €émissions founded in the use of electricity. Blagti
excavation, hauling and transport comprise less #&#6. While the explosives have very high
emission factors per unit mass, they contributg genall amounts (<0.25%) to coarse aggregate
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production, since only small quantities are useddéxction of a tone of fine aggregates generates
30 to 40% of the emissions generated by the pramudf a tone of coarse aggregates. Fine
aggregates generate less equivalent €i@e they are only graded, not crushed. Concrete
batching, transport and placement activities cbate all of themvery small amounts of G@

total concrete emissions (Flower, D.J.M. and Samay.G., 2007).

3.5 Energy and CO, emissions as a indicators of reference

All the elements that compose an urban settlemeattlaat are part of a building project have
related an environmental impact due to of the lmgidnaterials and the installation process.
Therefore, the aim of this chapter is quantify émyironmental load embodied in the different
urban settlement alternatives.

In order to achieve that, this paper focuses oretiergy consumption and release of,@@ses
throughout those processes. Other factors invalvedich a process but omitted in this work due
to the small contribution at the overall problend d&r@cause are much more difficult to assess are
the embodied energy and g@missions of leftover material in the executioagst and for
packaging materials.

In contrast, what will be the main focus in thegam thesis is the energy consumption in the
manufacturing process of the building materials #ml energy consumption required for the
machinery and human beings for the execution stage.

Additionally these process mentioned above bearcggted an emission of polluting gases being
the gas of reference studied here the carbon aoXiderefore, the assessment of,@@issions
will be reduced at the manufacturing of materiaid the CQ released by the machinery through
the installation process.

The embodied energy and g@missions have been broken down into two diffea¢ed groups
in the following sections which are the materialanufacturing phase and the construction or
installation one.

3.5.1 Embodied energy and embodied CO, emission of materials manufacturing phase

Every finished product in our case for constructioaterials have to go through different stages
to be finally conformed. Initially there is an erommental load associated at the elaboration of
the products necessary for our construction at h&weén though it is true that many of the
composing elements of urban infrastructure haveetassembled at the building place requiring
a substantial amount of energy there are someereygy intensive processes to elaborate these
construction materials such as the manufacturemndérete and steel molding among others.

Different researches label the energy requiredréalycce any product as embodied energy. For
instance, as Braid and Chain (1983) argues in thaper, embodied energy is the energy
consumed in all activities necessary to suppontoagss, and comprises both direct and indirect
components. Thereby, embodied energy can be sumedaas the energy initially destined for
materials manufacturing.

Additionally, such processes usually very energgneive bear associated a release oh CO
emissions whatever it is in the electricity mix dtee the use of fossil fuels, the use of
carbonaceous materials through the process itsdifeotransportation of the raw materials from
the quarry to the fabric if it's the case. Somesagshers have driven their efforts to quantify the
CO, emissions of building materials (Nassén et alG26G0ower and Sanjayan, 2007).
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3.5.2 Embodied energy and embodied CO, emission of construction process

As it is stated previously urban infrastructureogéither with buildings requires frequently very

energy intensive processes to assemble all the @moemps at the construction place by using
sometimes a broad range of means (e.g. from mangovwke most advanced technology). This
especial characteristic of the urban infrastructizedue two main reasons. First because
commonly each infrastructure is unique and exckisind seldom times we find two identical

infrastructures, on the one hand, because of thdora topography and geometry of each
location, and on the other hand, because cultwaany and technology differs from one to

another region. The second main reason is thaiguiftastructures are usually large elements
not feasible of mass production and due to its dsi@ it is not possible the manufacture in the
industry and afterwards its transportation to thestruction place.

Thereby, it is crucial in the Environmental Impacisessment to take into consideration both the
energy consumption and G@mission in the construction process in orderctueve a reliable
and representative analysis.
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4 METHODOLOGY

4.1 Life Cycle Assessment

The Life Cycle Assessment (LCA) methodology perntite assessment of all environmental
impacts associated with a product, process or igcty accounting and evaluating resource
consumption and emissions (ISO - International @igdion of Standardization, 2000). Civil
engineering and the built environment are fieldgrmafat potential for LCA, and research in these
areas may provide useful information for the ecaesf the cities of the future. This approach
implies the need for environmental data of the nrbements in order to take the best design
decisions. However, there is still lack of inforiat in life-cycle assessments in terms of
environmental impacts of many urban elements. dieioto face the global environmental threats,
it is necessary to use Life Cycle Thinking to imyedhe design of cities, and so, introduce this
information into the decision making process.

Urban settlements are composed of many differesmnehts. Each one of them goes through
several stages during their life span, althoughenainwhich are straightforward to analyze and
quantify from an environmental perspective. From #darly beginning of its conception to the
final stage of recycling, demolition or dismantlitigere are many processes that have to be taken
into consideration. These constitute transportatsite, construction and installation, lifetime
operation of buildings and public services, repamd maintenance. In a few wordsfull Life
Cycle Assessment (LCA) is required to properly ustdad and projects any product from an
environmental point of view.

Since sustainable development has become into trens,a broad range of indicators have
been raised to measure, compare and classify emveotal impacts. However, in the field of
civil engineering and constructiofiequently researches have resort to energy asdEator of
choice. In contrast, even though the operationaignrepresents a remarkable amount of energy
within the life span of a dwelling, it is relatiye$imple to assess (e.g. electricity bills). Theref
embodied energy assessments have been focus affalesgue to its direct dependency on
resources consumption, environment pollution antalwarming.

Recently, other studies have stated that €@issions can be a more meaningful indicator ef th
overall environmental load. Frequently, £@®missions might be derived from energy data,
depending on the energy mix of a country or regiad the chemicals releases of greenhouse
gases. Thereby, this study focuses on both, enesgg and C©Oemissions throughout the
differentiate stages in the lifetime of the compgsélements of an urban settlement:

- Initial production of the building materials

- Construction of buildings and street infrastructure

- Operation of the buildings and public services frhain terms of its energy use)

- Refurbishment and maintenance of building mateoakr the component’s effective life
- Demolition and dismantling of buildings and stredtastructure

- Disposal of the waste materials at end of life

Due to the scope of this thesis it focuses in st fwo stages; initial production of the building
materials and the construction of buildings andegtmfrastructure.

4.2 Model of Analysis

The current work focuses its main task the analysis of each urban model chosen. The
procedure to follow starts from a selection of gtedses (described in the sectma. selection
of the study casesf this paper). The next step is to design ane 8ie public infrastructure and
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the number of floors of each building and its frastreicture of each model regarding functional
and operational criteria. It has been includedakgected most energy consuming elements and
most material requiring public networks of a typiaebanized land. Although it is very difficult

to take into consideration all the elements of eacklel chosen is expected to be reliable enough
due to the smaller contribution of the remainingnetnts and networks not considered.

On the one hand, the components taken into comgiderin this study have been, regarding
public infrastructure the roadway, sidewalks, dag system, sewage system, drinking water
system, lighting and street trees. On the othed haten it comes to build-up land, it has been
considered earthworks, building foundations andding’s frame structure.

Once all the components are designed and sizedtiine to measure them and put them in the
calculation software (described in the section dalculation method of this paper) which will
provide us with the corresponding results. In gahesrms the steps followed to develop this
thesis are collected in the diagram below.

s N 3 Variables:
SELECTION OF THE le——— - Street layout type
STUDY CASES .
\ J - Urban fabric morphology
- Building type

A 4
( ) Public infrastructure: Buildings:
L DESIGN AND SIZING ) ¢ - Drainage system - Number of floors

- Sewage system - Frame structure

l - Drinking water system

( ) - Lighting
MEASUREMENTS - Street trees

(. J

\ 4
s N\

COMPUTATION
Public infrastructure: Buildings:
( ) - Material manufacturing (energy, GO - Material manufacturing (energy, GO
RESULTS — - Construction works (energy, GO - Construction works (energy, GO
(. J
FIGURE 1. Methodology cycle followed for the present studgufe: Own creation.

4.3 Analysis model and adopted indicators

The six studied models have been introduced inlakesection by showing first the so-called
inspiring pattern altogether with the designed nhodibe finality of the designed model is to
create an ideal case study with all the most reptesive energy intensive networks and
components to make work an urban area of thesendiores. On the one hand, because it is not
within our reach to figure out the real componearid networks that composes each case. And
on the other hand, because we have had to replicatary elements in order to homogenize
project areas and compare among them. Anotherndasahat simplification is because in that
way we are capable to charge equally the highp@am®f each.

The indicators of reference used in this studytlaeeenergy consumption and the carbon dioxide
emissions throughout two stages. The first staggurtng the manufacture of the components
such as cement, asphalt, pipelines, etc. whereaded, for instance, energy to run the machinery
and fuel for transport, taking both into accounewtfit is manufactured in the industry or ‘in situ’.
The second stage, of which there are fewer stugiefyring the installation and the assembling
of these components, normally at the work site.

Pol Adarve Panicot - ETSECCPB —UPC 2008-2009 Page 19



Energy consumption and carbon dioxide emissiotise€onstruction of six urban models

4.4  Calculation method

The calculation method used in this study has H®eemeans of the Catalan softwafene
Control and QualityTCQ, and particularly with the module &hvironmental Managemeiof
the same software (TCQGMA). The process consisthaosing the items that will permit the
complete installation of the infrastructure andtipgtin the item measurements.

The next sections are thought to describe the wiwikk items (civil works and materials) taken
into account to build each infrastructure netwaonk duildings. It is important to mention that in
the following sections there are all the materialsd processes to accomplish the final
infrastructure, however, the variants of thicknessmed material combination used in each pattern
are described later on in the chapet.Street sectionf this paper. Additionally, it is worth to
note that the items are arranged in function oftwduld be its executive process.

4.4.1 Definition of public infrastructure constructive items
4.4.1.1 Composing items for the roadway construction

In this section it is explained the items necessatyuild up the pavement structure of a roadway.

Overall, the items taken into consideration to dwailroad are the digging works and preparation
of the road surface. The remaining soil it is gudfto an authorized facility. Once the terrain is

suitable the pavement structure is built, firstalisrg the subbase course with graded-aggregate,
then the base course of gravel-cement and finaky wearing course. The items taken into

account to accomplish the road structure are:

NUM. ITEM

I Dig and soil load by mechanic means

Il Transport of spare soil to an authorized fagibiy a 20 t truck, with a route from 15 up to 20 km
1} Check and compaction at 95% of Modified Proctor

v Subbase course of graded-aggregate and compaatt@b% of Modified Proctor

\% Base course of gravel-cement and compaction %t 88MVodified Proctor

\! Prime coat with anionic bitumen emulsion, withigation requirement of 1.5 kg/m2

Pavement of hot mix asphalt of semi dense compasitiith calcareous aggregate and asphaltic bituafien

Vil penetration, spread out and compaction at 96% oMl test
VIl Tack coat with anionic bitumen emulsion, withigation requirement of 1 kg/m2

Pavement of hot mix asphalt of dense compositioth walcareous aggregate and asphaltic bitumen of
penetration, spread out and compaction at 96% ol test

TABLE 1. Composing items for the roadway construction.
4.4.1.2 Composing items for the sidewalk construction

The civil works carried out to build a conventiorsidlewalk are, first of all, the soil adaptation
and load of the remaining one to a truck to betatiito a proper facility. Then, as the last
common process considered in this study there esbiéfise course installation, normally of
recycled aggregate. Next we have considered twiantarof sidewalks. The first type is finished
with a pavement of mass concrete, while the otimerwith a layer of hot mix asphalt. Finally,
two types of kerb has been considered, one madeast concrete and another one of granite
rock.

ITEM
NUM.

| Dig and soil load by mechanic means

Il Transport of spare soil to an authorized fagiliy a 20 t truck, with a route from 15 up to 20 km
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1l Check and compaction at 95% of Modified Proctor
1\ Base course of recycled aggregate and compaati®8% of Modified Proctor

Pavement of mass concrete of soft consistency,mmariaggregate size of 20 mm, and spread out by

Vil mena of a truck
Vi Pavement of hot mix asphalt of semi dense compositith calcareous aggregate and asphaltic bitumen
i . i
of penetration, spread out and compaction at 96&avEhall test
VLi.  Straight kerb of concrete pieces, installegtioconcrete base of 25 to 30 cm high and jointiéd mortar
VLii Straight kerb of granite pieces, cut off with medaaw, installed over concrete base of 25 tor80 ¢

high and jointed with mortar

TABLE 2. Composing items for the sidewalk construction.

4.4.1.3 Composing items for the drainage system constmctio

To build the drainage system considered as a listeatture, it has to be dig until the requiring
depth, normally a drainage pipeline cannot be mearthe surface less than 1.4 meters. Once, the
pipeline it has been installed in the bottom of ttench there are two backfilling materials, a
sand covering layer and a backfilling with soilraxted from the excavation itself. Finally other
components composing the drainage system and ewadidbr this study are, the gutters as inlets

for rainwater and manholes for maintenance works.

NUM. ITEM

I Dig of trench up to 4 m depth and 2 m width, on-classified soil, by mechanic mei
Il Backfilled with sand and trench compaction bigraitor tamper
11 Backfilled with material from the excavation @trench compaction by vibrator tamper at 95% ofiMed Proctor
1\ Transport of spare soil to an authorized faciligyab20 t lorry, with a route from 15 up to 20
\% PVC pipe of 200 mm of nominal diameter
VI Concrete pipe of nominal diameters of 400, 580, 800, 1000, 1200, 1400, and 1600 mm
VIl Concrete box for gutter of 70x30x85 cm with wallsl cm thick over concrete base of 10 cm t
VIl Frame and practicable net for gutter madeamfrfdation steel of 800x364x50 mm and 50 kg of wieigh
IX Concrete support for manhole of 15 cm thick antbx1,15 m of base dimension
X Wall for square manhole of 85x85 cm, of 14 cm tho€lperforated brick made at <
Xl Frame and lid for manhole of D=70 cm made ofrfdation steel

TABLE 3. Composing items for the drainage system constmcti

4.4.1.4 Composing items for the sewage system construction

The sewer system execution is quite similar todfanage one. The only difference entails the
diameter pipes, which are normally lower than tihargge piping because of its lower peak

flows.

NUM. ITEM
I Dig of trench up to 4 m depth and 2 m width, @m+classified soil, by mechanic means

Il Backfilled with sand and trench compaction bigraitor tamper
Backfilled with material from the excavation anertch compaction by vibrator tamper at 95% of Medifi
1l Procto

1\ Transport of spare soil to an authorized fagiby a 20 t lorry, with a route from 15 up to 20 km

Y, PVC pipe 0200 mm of nominal diamet:

VI Concrete pipe of nominal diameters of 300,400,%0® mn

VIl Concrete box for gutter of 70x30x85 cm with Vgabf 15 cm thick over concrete base of 10 cm thick
Vil Frame and practicable net for gutter made of fotiod steel of 800x364x50 mm and 50 kg of we
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IX Concrete support for manhole of 15 cm thick an&21115 m of base dimensi
X Wall for square manhole of 85x85 cm, of 14 cnckhof perforated brick made at site
XI Frame and lid for manhole of D=70 cnade of foundation ste

4.4.1.5 Composing items for the roadway construction.Conmgogems for the drinking water
system construction

The drinkable water system execution is similathi drainage one as well. The only difference
relies on the hydrant typologies. It has been aw®rsd two types of fire hydrants. One installed
underground in a hatch while the other one is ilestaon the surface with a column form.

NUM. ITEM
I Dig of trench up to 4 m depth and 2 m width, on-classified soil, by mechanic ian¢

Il Backfilled with sand and trench compaction bigrator tamper

11 Backfilled with material from the excavation étrench compaction by vibrator tamper at 95% ofiifled Proctor
\Y Transport of spare soil to an authorized faciligyab20 t lory, with a route from 15 up to 20 |

\ Inspection hatch of 38x38x55 cm, with concretdisvaf 15 cm thick and base of perforated brickseresand bed
\i Frame and lid for inspection hatch, of foundat&ieel of 420x420x40 mm and 25 kg of weight

VIl Gate valve with thread, of nominal diameter of 1',19210 bar of nominal pressure, made of co
VILi.  Hydrant buried with hatch, with an outlet 3 mm of diameter
VILii. Wet column hydrant, with an outlet of 70 mof diameter
TABLE 4. Composing items for the drinking water system carsion.

4.4.1.6 Composing items for the lighting net installation

The lighting is installed, first by connecting ameegy supply network with its electric cables and
inspection hatches. Once the ducting net is adafitedlamp-posts can be placed with its
luminaries. Finally to mention that, different pawleminaries have been considered ranging
from 70, 100, 150 to 250 watts and as well as hffelamp-post heights and typologies as it is
described in the table below.

NUM. ITEM
I Dig of trench up to 4 m depth and 2 m width, am+classified soil, by mechanic means

1] Backfilled with sand and trench compaction by vibrator tar
11 PVC duct of corrugated pipes of diameter 80 ranad covering mass concrete of 30x20 cm
v Copper duct, single pole of 1x35 mm2 of section

Y, Copper duct, four poles of 3x16 mm2 + 10mm2 ofisa
Steel earth connection with cover of 3@ thick, of 1500 mm long and 14,6 mm of diametevelr into the
VI ground

VIl Symmetric High Pressure Steam Sodium Lamp HP8fSI0, 100, 150, 250 w
Lamp-post in form of truncated cone of galvanizsbksheet, of 6,8, and 10 m high and 1,5 m ofgot@n, of a

VILi.  flat lamp bracket made of steel and with door,aletl over concrete dice
VILii.  Lamg-pest of column of galvanized steel in form of trurechtone of 3 and 6 meter h
TABLE 5. Composing items for the lighting construction.

4.4.1.7 Gardening and street trees planting

To plant the street trees it has been considereahdkural soil to fill the pit. For gardening, the
seeding task has been taken into account withitstehfarvesting work. For the street trees the
planting process it is carried out by mechanic rseénd finally mention that four different tree
species have been taken into consideration inifumacf geographical location.
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NUM. ITEM

I Natural soil for gardening of low quality spread by medium backdigger

I Seeding for grass of standard type, by manual meaaslope of less than 30% and first harve:
Il Tree planting and pit excavation of 100x100x80 gnmtechanic means
v Tree grating of 106x106 cm and 25 cm deep, with fiseces of concrete with beveled edge

Vi. suplly of Alnus Glutinos

Vii.  suplly of Pyrus Communis
V.iii.  suplly of Platanus Hispanica
V.iv. Suplly ofKoelreuteria Panicula

TABLE 6. Composing items for the street trees planting.
4.4.2 Definition of private building constructive items
4.4.2.1 Earthworks for basements and foundations

The civil works considered for basement and fouodatligging are in first place the site
adaption and leveling by clearing the vegetati@tdadly, the basement excavation by mechanic
means, and finally, the transport of the remairsioifjto an authorized facility.

NUM. ITEM

' Cleaning and clearing of vegetation with mechamicains and mhanical load over truc

T Soil excavation to empty of the basement, up tadépth, in compact soil, with mechanical means aadhanical
load over truck
Excavation of trenches and wells up to 1,5m ddptbpmpact soil, with mechanical means and mechatiad

11
over truck

v Soil transport and legal disposal of the wastesgu0t trucks and for the load with mechanical nseanith a travel
from 10 until 15kn

TABLE 7. Composing items for the earthworks execution.
4.4.2.2 Composing civil works for foundation and shear wakecution

The foundations have been considered of two typ@stinuous and isolated footing. Moreover,
when the footing dimensions are so large than beaoverlapped a concrete slab foundation has
been adopted. Finally, the shearing walls have Ipdgced on the basement perimeter to support
horizontal loads due to the soil pressure andaadrtbads through the building structure.

NUM. ITEM

I Cleaning and ground leveling layer, 10cm thickmafss concrete, plastic consistency and maximunmasgjgeegate of
40mm, spilled from truc

I Trench foundations of reinforced concrete spilléth pump, reinforced of 30 kg/m3 steel in correghbars with a
quantity of 60 kg/m3

I Reinforced concrete wall, to cover, with a quantityeinforcement of form 10 m2/m3, concrete sgileith pump
and steel in corrugated bars with a quantity 6fk@/m:

v Reinforced concrete pavement of plastic consistamcymaximum size aggregate of 10mm, spread thrpugip,
mechanical run and vibrated, mechanical toweletingd7 kg/m2 of grey quartz dust

Vi Electrically welded mesh of corrugated steel bsits,made and manipulated in workshop, for thefoetement of
concrete paveme

Vi Concrete for raft foundations of soft consistenggt aggregate nximum size 20mm, spilled using pu
Vil Steel in corrugated bars of elastic strain stieggeater than 500 N/mm2 to reinforce slabs
VIl Timber plank used for raft foundatic

TABLE 8. Composing items for foundation and shear walls tanson.
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4.4.2.3 Composing items for frame structure construction

There has been taken into account two main typesaafe structure; one made of reinforce
concrete and another one made of timber. The fretnueture is composed by pier as vertical
faces while the horizontal supports are made aiffeeted concrete slabs. Additionally, the
timber frame structure contains basically timbearhs and piers, finished by a timber truss.

NUM. ITEM

Reinforced concrete pile with form to cover anduamtity of 13,3 m2/m3, concrete spilled using capahd
steel in corrugated bars with a quantity of 120M&@

Fir timber pile planed, section from 14x14 to 20&20and 4m length, made in workshop and treatment of
copper salts in retort for profound protection emskled over supports

Reticular ribbed framework of 35+5 cm, with a quignof 0,61m2 of mortar box of cement/m2 of framelwo
distance between axes 0,8m, and a quantity of 2@kgf steel in corrugated bars for reinforced,Istee
electrically welded mesh of 15x15 cm, 5x5 mm dergiter and 0,187 m3/m2 of reinforced concrete spille
using cupola

Wi Fir timber pile planed, section from 10x20 to 14g@vand 5m length, made in workshop and treatment
o insecticide and fungicide for medium protectiorseasbled on construction site over steel or timbppserts
Reticular ribbed framework of 25+5 cm, with a quignof 0,61m2 of mortar box of cement/m2 of framelwo
distance between axes 0,8m, and a quantity of &@kgf steel B 500 S in corrugated bars for reirédrcsteel
in electrically welded mesh of 15x15 cm, 5x5 mndéemeter and 0,148 m3/m2 of reinforced concretiéesbi

using cupola.

Form for fir timber purling plane finished, sectifrom 9x18 cm and 5m length, made in workshop and
treatment insecticide and fungicide for all kindsaperficial protection, 50 cm separation betwearsand

Inclinator reinforced concrete slab 15 cm thickthwiorm to cover, with a quantity of 1 m2/m2, reinded
concrete spilled using pump and steel in corrughted with a quantity of 15 kg/m3

TABLE 9. Composing items for frame structure construction.

4.5 Reference data sources

Energy data in this thesis have been obtained flmmEnergy Agency Administration which
provides us not only statistics but also analysisesources, supply, production and consumption
for all energy sources (Energy Information Admiragbn, 2008).

The data from specific building materials has biden, in the case of asphalt from the Huang et
al. with their publication on Life Cycle Assessme@fitasphalt pavements (Huang, Y., Bird, R.
and Heidrich O., 2008), while the concrete databieen looked up in the work of David and Jay
titted Greenhouse gas emissions due to concrete manuégBtavid, J. M.F. and Jay G.S., 2007)

Regarding building energy consumption due to itsstaction the literature reviewed has been
on N&ssen et al. with their pap@irect and indirect energy use and carbon emissionghe
production phase of buildings: An input—output as&é8 (Nassen et al., 2006), and finally,
Dimoundi and Tompa for energy indicators data ofdings (Dimoudi, A. and Tompa, C., 2008).

The reference of civil works processes has beeentdlasically from the Catalan Construction
Technology Institute ITeC by means of the TCO saftev The ITeC has passed successfully the
demands of The European Organization for Techpgrovals which affects the construction
products.

Pol Adarve Panicot - ETSECCPB —UPC 2008-2009 Page 24



Energy consumption and carbon dioxide emissiotise€onstruction of six urban models

5 CHARACTERIZATION OF THE URBAN MODELS

5.1 Selection of the chosen urban models

In the current section, the aim is to select regmedive models that can be used for further
developments based on past experiences. Withiliténature of urban morphology we may find
authors such as the recognized author Kevin Lynicb suggested for first time a four category
of urban patterns: capillary, radial, rectangulad dree pattern (Lynch, K., 1954). While half
century later, other authors such as Stephen Maidhasify urban patterns in five groups. The
first three categories, regarding to Marshall d&re ¢rid, radial and linear forms. Additionally,
there is a fourth category relating to tree-likel anbutary layout, and finally, any other type of
pattern would be clustered into the fifth ‘hybrditegory (Marshall, 2005).

Urban morphology is a complex field where charazgestreet layouts is not straightforward, for
that reason, we have established a set three legiabanalysis. Those are the typology of the
street layout, the morphology of the urban fakaitd finally, the building type.

The next step followed has been a search of realscaorldwide according the criteria explained
above. The result of combining these variablesssach of 14 representative samples shown in

the following table.

Street layout grid Street layout grid
Urban fabric closed Urban fabric permeable
1 Main use tertiary s Main use residential
Buildings | Type high block Buildings | Type multifamily
|ordi nation|street aligned |ordi nation|street aligned
Sample CBD New York (USA) Sample Munich (Germany)
Street layout grid Street layout grid
Urban fabric open Urban fabric closed
2 Main use tertiary 9 Main use residential
Buildings |Type ' high block Buildings |Type ' detached houses
|ordination|isolated |ordination|street aligned
Sample CBD Los Angeles (USA) Sample Bristol (UK)
Street layout grid Street layout grid
Urban fabric closed Urban fabric closed
3 Main use residential 10 Main use residential
Buildings [Type high block Buildings [Type Detached houses
[ordination[street aligned s [ordinati on[isolated
Sample Midtown Manhattan (USA)| S8 Sample Sindney (Australia)
Street layout grid [ Street layout grid
Urban fabric open Urban fabric open
2 Main use residential | T Main use residential
Buildings |Type __[high block Buildings |Type __|detached houses
[ordination[isolated [ordination[isolated
Sample Hong kong (China) Sample Chicago (USA)
Street layout grid Street layout linear
Urban fabric open Urban fabric closed
5 Main use residential 12 Main use residential
Buildings [Type horizontal block Buildings [Type attached houses
[ordination[isolated [ordination[street aligned
Sample Moscow (Russia) Sample London (UK)
Street layout grid Street layout linear
Urban fabric closed Urban fabric open
6 Main use residential 13 Main use residential
Buildings |Type __[low block Buildings |Type __|detached houses
|ord| nation|street aligned |ord| nation|isolated
Sample Barcelona (Spain) Sample Alexandria (Egy pt)
Street layout grid Street layout fractal
Urban fabric open Urban fabric open
Main use residential Main use residential
7 —— 14
Buildings |Type multifamily Buildings | Type detached houses
|ordination|isolated |ordination|isolated
Sample Freiburg (Germany) AR ¥, Sample San José CA (USA) 7 3y
TABLE 10. Samples result of the research cIassrfred forypelogy of the street layout, morphology of theanl:iabrrc

and building type. Source: own creation.
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Once examined all the combinations of the thre@abbte of analysis we have to decide in which
cases we will focus. Due to the scope of this thesly six cases have been analyzed deeply. The
criteria have been to look for the maximum differerbetween them in order to get sounding
outcomes. The process of selection has been fiairgy variable and using another one as a
discriminator. For instance, fixing the urban fabwariable we find that Midtown Manhattan
(sample number 3) and Barcelona (sample numbeotB)Have closed typology. In that case, the
discriminative variable is the street layout in @fhone combination is rectangular grid while the
other one is grid iron. Secondly, by fixing the iaate urban fabric again, but now focusing on
open typology we find Hong Kong (sample number #y aMoscow (sample number 5)
belonging to this group. Here the discriminativeiaale is the building typology finding the
vertical block typology in the first one and honital block typology in the second one. And
finally, the process to choose the last two samplesmay fix the variable building typology.
Here we find Suburban Chicago (sample number 1d)Laxs Angeles (Sample number 14) that
both have detached house typology. The discrimieatariable here is the street layout that in
Suburban Chicago is characterized by rectanguidvgrile in Los Angeles it responds to a tree-
like or fractal typology.

The Table below shows the six chosen samples. Asvilleeome back later on these samples
have been generalized in its representative urb#terps. Furthermore, for simplicity we state a
code for each pattern that we will use to refetheom from now on. Finally, the red cells means
the fixed variables while the green cells the disorative ones.

Variables

Pattern Code Sample Street Urban Building
layout fabric typology
American Closed Fabric Al Midtown Manhattan New York rectapgular closed apartment
(US.A) grid
European Closed Fabric A2  Eixample Barcelona (§pain  gridiron closed apartment
Vertical Block Open Fabric Bl ;I'grl]l?r?g)smng Hong Kong grid-like open Vertical block
Horizontal Block Open Fabric B2 Metropolitan Mosc{Russia) tree-like open hot::(z)(():rlztal
Rectilinear Detached Houses Cl1  Suburban Chicads.A. rectapgular detached
grid houses
Orange Los Angeles California detached
Fractal Detached Houses c2 (US.A) fractal houses
TABLE 11. Chosen models with the fixed (red cells) and disicrative (green cells) variables.

5.2 Description of the chosen models
5.2.1 American closed fabric

The American closed fabrienodel is a very common pattern with a typical ifieetar street
layout. We may find, for instance this pattern be tipper east side of Manhattan Island in New
York. The urban fabric has a rectangle shape withianer private backyard and blocks located
over the perimeter. Regarding the roadway, theeet@an categories, avenues and streets of
different width and functionality. Next, we may dintwo pictures. On the left side, one
corresponding to a satellite view of a stretch ofltelvn Manhattan in New York (USA), and on
the right side the equivalent designed model withland uses distribution.

The buildings have two different heights. At theeawes, the height constraint is higher and we
have adopted an average of 10 floors plus threenbasts while in the streets there are 5 floors
plus 1 basement.
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| ildings [0 Road

[0 Greenarea [ Sldewafks

FIGURE 2. Plan view of Manhattan and the elemental unit efAi model. Land use distribution map.
Scale 1/3000. Source: Own creation.

5.2.2 European closed fabric

The European closed fabricnodel belongs to a typical street layout of Eusspeities. The
inspiring example in that case is the Eixample afd@lona developed by the urban planner
llidefons Cerda. As in the case above, Cerda faresainner backyard for recreational purposes
and blocks over the perimeter. The streets in ¢thae are all with the same features giving a
homogeneous rectilinear arrangement. Below are showthe left side, a satellite view of the
Eixample of Barcelona (Spain) and, on the righedite equivalent created model with its land
uses.

Regarding the building sizes, there is a homogenéeight of 6 floors plus two basements on
average.
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B euildings [0 Roadway
[ Greenarea [ Sidewalks

FIGURE 3. Plan view of Barcelona and the elemental unit efA2 model. Scale 1/4000.
Land use distribution map. Source: Own creation.

5.2.3 Vertical block open fabric

The next model is the namedrtical block open fabricepresentative of high dense urban areas
with detached blocks among green areas, and slyeicidhat case malls. The inspiring case has
been the Taikoo Shing residential complex locatedong Kong Island (China). Furthermore, as
we may appreciate in the following pictures, thisra highway with a junction which provides
access to the local streets.

The buildings considered here have thirty floord anground floor for commercial purposes in
between towers. The blue area is four floors eqaeinwith three basements while the basement
of the residential buildings has 3 or 4 floors.

[0 Sport facilities @ Green area O Roadway @ Commercial
[l Buildings B Public equipment [ Sidewalks

FIGURE 4. Plan view of Hong Kong and the elemental unit & B1 model. Scale 1/5000.
Land use distribution map. Source: Own creation.
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5.2.4 Horizontal block open fabric

The horizontal block open fabriit is characterized by great green open spaceshaptings in
between giving a sensation of greener area insids.cHorizontal block means a building where
the horizontal dimension is larger than the veltocege. Another resounding feature of that model
consists of the vast green areas between buildingsthe peripheral main road that provide
access to the local roads and parking. That maaebleen inspired from a metropolitan district
in Moscow (Russia) which its satellite view is show the next photo, while on the right side
appears the created model with its land use digtaib.

The building heights range from 6, 12 and 16 floditsere are no basements in that case, where
the vehicles are supposed to park in the outsidéna

=

[0 Sport facilities @ Green area O Roadway @ Commercial
[l Buildings B Public equipment [ Sidewalks

FIGURE 5. Plan view of Moscow and the elemental unit of tlgerBodel. Scale 1/8000.
Land use distribution map. Source: Own creation.

5.2.5 Reticular detached houses

Thereticular detached housesodel belongs to low-density urban structures. Stineet layout
follows a grid pattern with streets and avenues Uitban fabric is closed with private gardens
and wooden fences tracking the lots. Below, onlé¢fteside it is shown the satellite view of the
inspiring real case located in Suburban ChicagoA)UB8nd on the right side there is the model
generated to represent the reticular detached bonsdel.

The building typology is a single family house withio floors in average. They have private
paved access to a garage located in the back fsitie tot.
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ijDD_ DDDDDDUEU

B Buildings [0 Roadway
|8l Greenarea [l Sidewalks

FIGURE 6. Plan view of Chicago and the elemental unit of@iemodel. Scale 1/2000.
Land use distribution map. Source: Own creation.
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5.2.6 Fractal detached houses

The last model is thiractal detached houséselonging to low-density urban forms as well with
a particular feature of fractal street layout. Thectal distribution tries to optimize the street
length within a given area saving in turn publifréstructure.

The next pattern presented below on the left smeesponds in the real case of the Orange
district in Los Angeles of California (USA). Beagirthat pattern in mind on the right side is
shown the equivalent ideal model created.

Regarding the building features, those are singteil{y houses with an average of 2 floors and
private paved access vehicles.

F]-'“? Il.""‘"'

¢ -=-_'-«:-‘Ir"i"§'l-u ]

B EBuildings [ Roadway
[ Greenarea [ Sidewalks

FIGURE 7. Plan view of Los Angeles and the elemental unthefC2 model. Scale 1/6000.
Land use distribution map. Source: Own creation.
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6 DESIGN AND SIZING OF THE URBAN MODELS
6.1 Definition of the study areas

In order to compare similar models with resembliegtures there has been an analysis of the
study area. It has been considered to expand tlgelsantil reach a homogeneous size. In that
form we may design and size the service networkslggin terms of not include only the basic
system but also to consider the high-transportifi@s of each network. Therefore, the elemental
unit of each model has been replicated as manystames required to get a homogeneous project
area. Finally, the mean total project area has B&es/ hectares accepting a typical deviation of
5% as it is shown in the following table linked lva bar chart.

Pattern ~ Number of Total
Code area (Ha) replications project
P area (Ha'
American closed fabric Al 7.343 4 29.372
European closed fabric A2 7.076 4 28.302
Vertical block open fabric B1 12.601 2 25.202
Horizontal block open fabric B2 28.036 1 28.036
Rectilinear detached houses C1 4,543 6 27.259
Fractal detached houses Cc2 27.232 1 27.232
Mean 27.567
Standard deviation 14.014
Typical deviation 5.083
TABLE 12. Pattern area and total study area (Ha),
H H Pattern area (Ha) = Total project area (Ha)
a
35.000
30.000
25.000 — —— —— — —
20.000 +— —— — — —
15.000 +— ——1 —— — —
10.000 +— —— :I RN -
*3l & 8§ &8}
OOOO a T T T T l T
Al A2 B1 B2 C1 C2
FIGURE 8. Total study area chart (Ha).

As we may appreciate from the bar chart above timemmam common multiplier to obtain the
total project area have been both leeizontal block open fabriand thefractal detached houses
The two types of closed fabric have been multipledr times, while thevertical block open
fabric andrectilinear detached housésve been expanded two and six time respectively.

6.2 Infrastructure of urban services

The services and networks studied in this paperdea@age system, drinking water, sewage
system, lighting and tree alignment. These netwbds been specifically designed and sized to
provide the levels of service demanded in the afifegislation in order to evacuate rainwater,
sewage, provide potable water and lighting to ektdaily activities during the night. These
networks are detailed in the sections below.
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6.2.1 Drainage system

The drainage system is the network destined touataaainwater in both the public and private

space in the whole project area for a return peabden years. Normally the course of this

network passes through underneath the roadwaydewsiks due to its dimensions and to let
space enough for further maintenance works. Furtbes, all the trenches have been designed
with more the 1.4 meters depth as the legislatiothe field stresses for security reasons.

The drainage system has been designed that flamkgho gravity with a maximum flow of up
to 80% of its capacity as a security factor. Moeroun all models it has been adopted the
hypothesis that there is a constant slope of 1%obim sides and with a sole evacuation point as it
is shown in the sketch below.
1%
—>

1%
l Q

Evacuation
point

FIGURE 9. Draining course and flow direction. Source: Owraticn.
6.2.1.1 Calculation of gutter separation

The gutters are the items in the roadway entrusiecbllect rainwater and drive it to a main
drainage tube. They are located just next to thevailk kerb in the roadway border. Normally,
there is a roadway cross slope of 2% and 1.5% aewsilks that drive rainwater (by means of
gravity) towards the gutters. Manufactures prowtarts of each gutter model with its capacity.
The gutter considered in this study has a stanciédcity of 18 I/s when the slopes are 0.5% and
8 I/s with slopes of 4%.

The calculations to find the gutter separationt§tam setting out the problem by the help of the

following sketch:

d
[ Street axle

10m

Q

FIGURE 10. Study area for gutter separation calculation. Sau@wn creation.

Where Q is the rainwater flow, d is the distance betwega gutters and 10 meters is a given
street width. The rainwater flow is given by thédwing formula:

Q =COI 0A=400's{

The following equation is given by the manufactuesrd represents the gutter capacity in
function of the surrounding slopes.

Q.(1%)=-28601+1944
Taking 1% of slope in average we get:
Q (1%)=1658/s

Making equal the two flows and isolating our unkmofd) we get:
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400
= [A=|—— |00 = 04Ld
< QVHa [10000)

Q, =Q.(1%) - 1658 /s=04[d - d =4145m= 40m

6.2.1.2 Reference flow calculation

To calculate the diameters of the drainage systdras been designed according th&truction
5.2-IC “Superficial Drainage” (14-5-90).

6.2.1.2.1 General Approach

The estimation method of the volume flows assodi&bedifferent return periods depends on the
size and nature of the contributing basin.

For small basins, hydrometeorological methods basethe application of a mean intensity of
precipitation on the basin surface, through annegton of runoff, are appropriated. This is
equivalent to admit that the only component of phecipitation which takes part in the maxim
volume flow generation runoffs superficially.

In larger basins these methods loss accuracyesesiimation of the flows is less correct. On the
other hand, in these basins it is common to hakecdinformation about either flood levels or
flows. The boundary between large and small basiogesponds approximately to a
concentration time equal to six hours.

The nature basin influences to hydrometeorologiwathods, depending on if the diffused flow
time of travel over the land is significant (roathtform and sides in which it spills) or not
(defined bed). Especially in urban zones, it repmés a singularity the presence of drains which
drain in a piping and which absorbs an importamnt pithe runoff.

They also represent especial cases the presemakesf reservoirs and flood zones which either
laminate or alter the course of the runoff. It iaé possible to take into account, the contribution
from the thaw provided that it is not larger th&@9%4d, apart from exceptional cases.

The result of the hydrometereological methods nmestontrasted, as far as possible, with the
available direct information about levels and fldtmvs.

6.2.1.2.2 Design Formulae ( hydrometereological method)

The reference volume flow Q at the point where sirbarains will be obtained through the
formulae:

Q=C-AlK

Where:
C: Either runoff average coefficient of the basirdrained surface.

A: Area, unless that it has either contributiongmportant losses such as reemerged
fresh waters and drains, in that case the délkignmust be justified.

I: Average intensity of precipitation correspamglto the considered return period and
an interval equal to the concentration time
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K:  Coefficient depending on the units in which Q& are expressed and include
and increase of 20% over Q in order to take &mtmount the precipitation peaks. Its
value is collected in the following table.

A
Ha m

Q 2

Km 2

m¥/s 3 300 3.000.000
I/s 0,003 0,3 3

FIGURE 11. K values.
6.2.1.2.3 Average Intensity of precipitation

The average intensity of precipitatiog{rhm/h) to use for the estimation of reference fldws
hydrometeorological methods can be obtained throligliollowing formulae:

280.1 _tO.l

280.1_1
I I
Where:

Id (mm/h): Daily average intensity of precipitati corresponding to the return period
considered. It is equal t%i/24.

Pd (mm):  Total daily precipitation correspondtoghamed return period. In particular,
for this study it has been taken a general vafu€0 mm for a return period
of 10 years.

11 (mm/h): Horary precipitation intensity corresypling to this return period. Again, for
this study, the rati&/ldhas been generalized in a value of 11 for all the

patterns.

t (h): Length of the interval that | refers, whiwill be taken equal to the
concentration time (see next section).

6.2.1.2.4 Concentration time

For the case of normal basins in which the chareelflow travel time through a net of defined
beds, the concentration time T(h) related withdlierage precipitation intensity can be deduced

from the formulae:
L 0.76
r-o3|(m) |
Where:

L (km): Length of the main bed.
J (m/m): Average slope.
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If the travel time for diffused flow over the lawaas relatively significant, as it is for the road
platform case and the sides in which it spills,abeve formulae could not be applied.

If the travel of the water flow on the surface i@aser than 30m, it could be considered that the
concentration time is five minutes. This value banincreased from five up to ten minutes when
the travel distance of the water through the ptatfcs increased from 30 until 150 m.

6.2.1.2.5 Runoff

The coefficient C of runoff defines the proportimf the component superficial of the
precipitation of intensity | and depends on theiordbetween the diary precipitationg P
corresponding to the return period and the thresbbtunoff from which it is initiated.

For the current study the C value has been coresides show the following table.

Surface C
Roadway 0.95
Sidewalk 0.95
Building 0.85
Green area 0.35
FIGURE 12. Runoff coefficient values.

The heterogenic basin must be divided in parti@hamwhose runoff coefficient will be calculated
separately, replacing after the term C-A of thenida above for the summation of; (&) being
“I” each type of land use.
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6.2.1.2.6 Drainage basins

The following figure shows the drainage basins mered for the drainage system calculation
being the blue lines the basin boundaries.
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FIGURE 13. Drainage basins.

6.2.1.3 Drainage system layout

In this section it is shown the result of the citon of diameter pipes. Additionally to the
computations, there has been a deep study of stersylayout in terms of the proper course
according street distances and urban morphologg.pitture below represents the final design
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of the drainage system. The thicknesses and caibithe lines correspond to the different
diameters of the pipes. For more detail see thexanhmaps.
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FIGURE 14. Final drainage system network design.
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6.2.2 Drinking water

The drinking water system has been designed acaptdi provide potable water equally in all
the dwellings adopting a peripheral ring layoutisliimportant to bear in mind that this network
functions by pressure normally by a water toweated in a higher position than the buildings.
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FIGURE 15. Final design of the drinking water system.
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6.2.3 Sewage system

The sewage system is the service network thatatsltde liquid waste generated in households
which is drained in a separate network than raiawat
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FIGURE 16. Final design of the sewage system. 30 mm
40 mm
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The problematic risen of putting together the twawk is on the one hand, that the rainwater
becomes polluted due to the mixing with waste wated on the other hand, the flow that reach
the Waste Treatments Plants WTP becomes largeindach more expensive and bigger WTP.

The course of this network have been arranged rlyrmath the same route than drainage
system taking into consideration that this netwduksction thanks to gravity as well.

6.2.4 Treealignment and lighting

The tree alignment and lighting has been carefidlyigned in order to arrange the public space
for daily and night life and to provide the levelsnight light demanded in each kind of way in
function of their functional purposes. There hasrba reduction up to 40% of the lighting levels
due to the vegetation denseness result of eitlvadadesign or bad pruned. A bad design of the
tree alignment may cause insecurity for drivers padestrian user of these facilities. Another
fact that makes crucial a proper lighting desigthessquander of electricity consumption and the
rise on the municipality electric bill supposing tp 60% of the municipal investment on
electricity.

In this chapter have been a reflection on the grohtic of tree alignment-lighting with the aim
of achieves an integrated design satisfying theuirements of security, sustainability and
esthetic of the arrangement of our streets.Ther@ifollowed when designing the public lighting
has been the current legislation, relation roadsidgwalk, lighting degree, regularity,
uniformity, and interference with others aerialwarks. Regarding the street trees the criteria
that we have tried to fulfill has been the curdegislation, arrangement of the section, continuity
connectivity, readability, urban landscape, parkargl street crossings.

Finally the integrated design strives for a propemposition and pace, relative heights, light
cones and interferences, relative arrangement @iogpto lamp types, proper volumetric reserve
for tree growth, and prune aspects.

L t | Bulb
Road Lamp-posts | Lamp-post amp-pos u

Model category | distribution | height (m) separation | power | COLOR
(m) (w)

Al Avenue bilateral 10 27 250 .
street staggered 8 20 150
A2 street staggered 8 20 150

B1 Avenue bilateral 10 27 250 N
collector staggered 8 20 150
Local staggered 6 15 100
Allée bilateral 6 20 100
Promenadel staggered 6 15 100
Promenade2 unilateral 8 20 150
Pedestrian unilateral 6 16 100

B2  Avenue bilateral 10 27 250 [N
collector unilateral 6 15 100
Parking 1 bilateral 8 20 150

Access unilateral 6 15 100 [N
Parking2 staggered 8 20 150
Path unilateral 3 10 70
c1 Avenue staggered 10 25 250
street staggered 8 20 150

(] Avenue bilateral 10 27 250 L}
Local unilateral 10 27 250
TABLE 13. Public lighting features,
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FIGURE 17. Final public lighting design
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The following table describes the street treesidened for the present study.

Model | Road category Tree specie diQZiLngm)
Al Avenue - -
street Pyrus communis 20.3
A2 street Platanus Hispanica 20.13
B1 Avenue - -
collector - -
Local Koelreuteria paniculata 15
Allée Koelreuteria paniculata 10
Promenadel - -
Promenade2 Koelreuteria paniculata 10
Pedestrian Koelreuteria paniculata 10
B2 Avenue Alnus glutinosa 20.2
collector Alnus glutinosa 19.5
Parking 1 Alnus glutinosa 22.5
Access Alnus glutinosa 20.2
Parking2 Alnus glutinosa 21
Path Alnus glutinosa 8.5
C1 Avenue Pyrus communis 17.03
street Pyrus communis 8.8
Cc2 Avenue Pyrus communis 6.21
Local - -
TABLE 14. Street trees final design.
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FIGURE 18. Street trees final design.
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6.3 Street sections

The current chapter defines the street sectiomtake consideration for the road infrastructure
and public service networks. Regarding the roacdhstfucture there are different thicknesses of
its composing layers as it is shown in the nextvilrgs.
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Pattern Al Asphalt D-20 (cm) 6
Street type avenue Roadway Asphalt S-25 (cm) 12
Distribution bilateral structure Gravel-cement GC20 (cm) 25
Height (m) 10 Graded-aggregate (cm) 30
Lighting Distance (m) 27 sidewalk Concrete (cm) 15
Power (W) 250 Graded-aggregate (cm) 20
" - structure >
Section troncoconic kerb material concrete
Lamp HPSSL Drainage tube material concrete
Tree Type - D =300 mm PVC
Average distance (m) - Sewage tube D =400 mm concrete
D =500 mm concrete
Drinking water tube material polyethylene
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Height (m) 8 sidewalk Concrete (cm) 15
I Distance (m 20 Graded-aggregate (cm 20
Lighting L (m) structure ggregate (cm)
Power (W) 150 Kerb type concrete
Section troncoconic Drainage tube material concrete
Lamp HPSSL : Sewage tube D =300 mm PVC
Tree Type Pyrus communis D =400 mm concrete
Average distance (m) 20.3 Drinking water tube material polyethylene
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Pattern A2 Asphalt D-20 5
Street type S— street Roadway Asphalt S-25 10
Distribution staggered structure Gravel-cement GC20 25
Height (m) 8 White concrete slabs for 30x30x8
Lighting Distance (m) 20 ditch (em)
Power (W) 150 sidewalk Concrete slabs (cm) 20x20x4
Section troncoconic Concrete base (cm) 15
structure -
Lamp HPSSL Kerb type granite
Tree Type Platanus HispanicalDrainage tube material concrete
Average distance (m) 20.13 D =300 mm PVC
Sewage tube
D =400 mm concrete
Drinking water tube material polyethylene
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Street type avenue Roadway Asphalt S-25 (cm) 12
Distribution bilateral structure Gravel-cement GC20 (cm) 25
Height (m) 10 Graded-aggregate (cm) 30
Lighting Distance (m) 27 sidewalk Concrete (cm) 15
Power (W) 250 Graded-aggregate (cm) 20
" - structure >
Section troncoconic kerb material concrete
Lamp HPSSL Drainage tube material concrete
T Type - D =300 mm PVC
ree -
Average distance (m) - Sewage tube D =400 mm concrete
D =500 mm concrete
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Pattern B1 Roadway Asphalt D-20 (cm) 5
Street type local street structure Asphalt S-25 (cm) 10
Distribution staggered Gravel-cement GC20 (cm) 25
Height (m) 6 sidewalk Concrete (cm) 15
I Distance (m) 15 Graded-aggregate (cm) 20
Lightin
ghting Power (W) 100 structure Kerb type concrete
Section troncoconic Drainage tube material concrete
Lamp H!’SSL : Sewage tube D =300 mm PVC
Tree Type elreuteria panicula D =400 mm concrete
Average distance (m)bedestrian entrance Drinking water tube material polyethylene
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Pattern B2 Asphalt D-20 (cm) 6
Street type avenue Roadway Asphalt S-25 (cm) 12
Distribution bilateral structure Gravel-cement GC20 (cm) 25
Height (m) 10 Graded-aggregate (cm) 30
Lighting Distance (m) 27 sidewalk Asphalt S-25 (cm) 4
Power (W) 250 Graded-aggregate (cm) 20
" - structure "
Section troncoconic kerb material concrete
Lamp HPSSL Drainage tube material concrete
Tree Type Alnus glutinosa D =300 mm PVC
Average distance (m) 20.2 Sewage tube D = 400 mm concrete
D =500 mm concrete
Drinking water tube material polyethylene
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Pattern B2 Roadway Asphalt D-20 (cm) 5
Street type access structure Asphalt S-25 (cm) 10
Distribution unilateral Gravel-cement GC20 (cm) 25
Height (m) 6 sidewalk Asphalt S-25 (cm) 4
I Distance (m) 15 Graded-aggregate (cm) 20
Lightin, structure
ghting Power (W) 100 ructur Kerb type concrete
Section troncoconic Drainage tube material concrete
Lamp HPSSL Sewage tube | D =300 mm PVC
Tree Type Alnus glutinosa |Drinking water tube material polyethylene
Average distance (m) 20.2
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Pattern B2 Asphalt D-20 (cm) 6
Street type collector Roadway Asphalt S-25 (cm) 12
Distribution unilateral structure Gravel-cement GC20 (cm) 25
Height (m) 6 Graded-aggregate (cm) 30
Lighting Distance (m) 15 sidewalk Asphalt S-25 (cm) 4
Power (W) 100 Graded-aggregate (cm) 20
. - structure 2
Section troncoconic kerb material concrete
Lamp HPSSL Drainage tube material concrete
Tree Type Alnus glutinosa |Sewage tube D =300 mm PVC
Average distance (m) 19.5 Drinking water tube material polyethylene
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Pattern Cl Roadway Asphalt D-20 (cm) 5
Street type avenue structure Asphalt S-25 (cm) 10
Distribution staggered Gravel-cement GC20 (cm) 25
Height (m) 10 sidewalk Concrete (cm) 15
I Distance (m) 25 Graded-aggregate (cm) 20
Lightin,
ghting Power (W) 250 structure Kerb type concrete
Section troncoconic Drinking water tube material polyethylene
Lamp HPSSL
Tree Type _ Pyrus communis
Average distance (m) 17.03
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Pattern C1 Roadway Asphalt D-20 (cm) 5
Street type street structure Asphalt S-25 (cm) 10
Distribution staggered Gravel-cement GC20 (cm) 25
Height (m) 8 sidewalk Concrete (cm) 15
I Distance (m) 20 Graded-aggregate (cm) 20
Lightin,
ghting Power (W) 150 structure Kerb type concrete
Section troncoconic Drainage tube material concrete
Lamp HPSSL Sewage tube | D = 300 mm PVC
Tree Type Pyrus communis |Drinking water tube material polyethylene
Average distance (m) 8.8
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Pattern 2 Asphalt D-20 (cm) 6
Street type avenue Roadway Asphalt S-25 (cm) 12
Distribution bilateral structure Gravel-cement GC20 (cm) 25
Height (m) 10 Graded-aggregate (cm) 30
Lighting Distance (m) 27 sidewalk Concrete (cm) 15
Power (W) 250 Graded-aggregate (cm) 20
n - structure
Section troncoconic Kerb type concrete
Lamp HPSSL Drainage tube material concrete
Tree Type Pyrus communis |Sewage tube | D =300 mm PVC
Average distance (m) 6.21 Drinking water tube material polyethylene
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Pattern 2 Roadway Asphalt D-20 (cm) 5
Street type local street structure Asphalt S-25 (cm) 10
Distribution unilateral Gravel-cement GC20 (cm) 25
Height (m) 10 sidewalk Concrete (cm) 15
. Distance (m) 27 Graded-aggregate (cm) 20
Lightin,
ghting Power (W) 250 structure Kerb type concrete
Section troncoconic Drainage tube material concrete
Lamp HPSSL Sewage tube | D = 300 mm PVC
Tree Type - Drinking water tube material polyethylene
Average distance (m)
6.4 Buildings

Buildings entails one of the most harmful impaatstiee environment, they consume 32% of the
world’s resources, besides the use of 12% of tbbajlwater consumption and up to 40% of the
global energy consumption. Households are resplensib about 40% of the global waste
generally stored on landfills and 40% of the tagaéenhouse gas emissions (World Green
Building Council, 2009).

Generally buildings are constructed with very egargensive materials such as steel, glass and
concrete which for its execution may cause seveve@@mental impacts. Furthermore, with the
current world’s growing population those matereis in shortening supply.

Even though the large commercial buildings havenbabkeled as the most resources and energy
consumption for their sub- and super-structuramortant to note that the vast majority of the
buildings, for instance those destined for residémurposes, requires a number of materials
which can be as important to consider as the cocial@mes.

When it comes to assess the building initial eméd@inergy and initial embodied €@missions
there are different proposes depending of authmeferences and background. One way of break
up the assessment into subgroups is to subdivid#rbgtural and non-structural components. In
that case, literature has review that the strucaoedunts for an average of 43% of the initial
embodied energy, while the non-structural compa)antluding finishes materials accounts for
57% of the embodied energy. That can be justifiedabse. On the one hand, though the
structure entails a main part of the initial emleoldenergy it last for the entire life span of the
building, and on the other hand, the non-structemahponents requires long and short term
refurbishment and maintenance (Buchanan, A., amteld B. G., 1994), (Aye, L., Bamford, N.,
Charters, B. and Robinson, J., 2000) (Cole, R Kernan, P. C., 1996).

Other authors have broken down the assessment bbded energy into the following
individual components: structure, foundations, rimé and external enclosures, and finishes.
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Treloar et al (2001) stated that structural emlmeieergy accounts from 64% up to 90% of the
total embodied energy, while finishes range from ®&8% (Treloar, G. J., Fay, R., llozor, B.
and Love, P. E. D., 2001).

In this study the components chosen to assessyeo@ngumption and carbon dioxide emissions,
concerning a civil engineering point of view, haleen earthworks, foundations and frame
structure.

The excavation works accustoms to be very energygive in the construction stage due to the
high usage of heavy machinery, for digging, sodldimg and transport. In the current paper the
earthworks have been considered for basement djggid excavation for trench foundations.

Regarding the frame structure has been considaredypologies. The first one is reinforced
concrete for all the buildings but the caseedfcular detached housdhat is formed by timber
structure.

In general terms the building types consideredhig $tudy model by model are:

MODEL BUILDING type FRAME STRUCTURE FLOORS BASEMENTS

Al residential street reinforced concrete  1st floor + 4 1
residential avenue reinforced concrete  1st floor +9 3
A2 residential street reinforced concrete  1st floor + 5 2
. . . 1st floor +
B1 residential tower reinforced concrete 29 3
. . . 1st floor +
residential tower reinforced concrete 29 4
. . . 1st floor +
residential tower reinforced concrete 29 5
equipment reinforced concrete  1st floor + 3 3
commercial reinforced concrete  ground floor 3
commercial reinforced concrete  ground floor 4
commercial reinforced concrete  ground floor 5
. . . 1rst floor +
B2 residential reinforced concrete 5 -
. . . 1st floor +
residential reinforced concrete 1 -
. . . 1st floor +
residential reinforced concrete 15 -
. . 1st floor +
equipment reinforced concrete 15 -
. . 1rst floor +
commercial reinforced concrete 5 -
c1 residential Timber 1st floor + 1 -
Cc2 residential reinforced concrete  1st floor + 2 -
TABLE 15. Building features.

6.4.1 Frame structure estimation

The piers that forms the vertical faces of the &astructure has been estimated by the load that
would support each pier following the formula below

aL=R.g
‘y. . _ —.
: Ye

Where:
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y;. Is the load safety factor (1.5)

6m
A: Area where the load acts A
L:  Design load (600 kg/fi .
R:  Concrete resistance (25 MPa) >
¥.. Concrete safety factor
S:  Pier section
Putting in the state values:
k ZSOk—g2
15-6m - 6m-600—2 = — M2 g
m? 1.35

So we may see that the left side of the formulavalbraeans the load transferred to the pier for
each floor assuming an average distance betweengii® meters. Therefore, the floor load will
be:

k
1.5-6m-6m- 600—92 = 32400 kg
m
Isolating the value of S we obtain S = 238.14.c@onsidering a square section we get S =

15.4x15.4 cri For constructive reasons the minimum sectiohlvélS = 30x30 cha

Next we are going to calculate the piers sectiofunction of the height by the same processes,
multiplying the floor load times the number of flsoand isolating the value of S, Finally the
value “a” means the dimension of the square side.

Floors Load (kg) S (cm) a (cm) Final design
5 162000 874.8 29.58 30x30 cm
10 324000 1749.6 41.83 45x45 cm
15 486000 2624.4 51.23 55x55 cm
20 648000 3499.2 59.15 60x60 cm
25 810000 4374 66.14 6565 cm
30 972000 5248.8 72.45 70x70 cm
35 1134000 6123.6 78.25 80x80 cm
TABLE 16. Piers final design.

Regarding the reinforced concrete slabs for floibrisas been considered two thicknesses, one of
25 cm of reticular ribbed framework plus 5 cm ofrtao for residential floors, and one of 35 cm
of reticular ribbed framework plus 5 cm of mortar fparking basements. Both of them are
available in the construction market.

The single family houses of reinforced concretenfesstructure have been considered with piers
of 20x20 cm. And finally, the single family housesde of timber have been adopted as shows
the following sketch with piers of 20x20 cm whideams of 10x20 cm.
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7 RESULTS
7.1 Measurements model by model

7.1.1 Drainage system

The measurements of the drainage system are givaneters and classified according the
diameters of the pipes. There is constructed a olar@very 50 meters of longitudinal pipeline in
average. The following table shows the drainagéegysneasurements.

Length by diameters (m) Total length

Model 40cm  50cm  60cm  80cm 100 120 140 160 (m) Manholes
cm cm cm cm

A1 Manhattan 224333 1864.8 22429 1585 317 4755 376.43 12.56 7691.02 153

A2 Barcelora 3728 1596 1151 1064 162.6 133 133 18 7985.6 159
B1 Hong Kon 46835 580 943 436 698 260 45 - 7605 152
B2 Moscow 2022.86 1387.96 3442 35025 414 809.7 - 15 534397 106

C1 Chicag 4501  520.8 10465 22068 76 - 228 84 4612.2 92
C2 Los Angeles 564.04 5042 68172 19812 898 108 1016 - 3055.68 61

TABLE 17. Drainage system measurements.

Total length of Drainage network (ml)

10000

8000

6000

4000

- n
0

Al Manhattan A2 Barcelone B1Hong Kong B2 Moscow  C1Chicago C2 Los Angeles

FIGURE 19. Drainage system length of each model.

Clearly the drainage length depends upon: how mggcbded is the street layout, the
fragmentation of the drainage basins and the bragdbr fagade. So, Los Angeles with tree-like
street layout has much less length than Chicagmpt=iely reticulated; at the same time, Los
Angeles, with a land use distribution similar to $dow, has less network due to its lower
drainage basin fragmentation; and finally, Barcaltvas a bit more drainage length due to the
branching of the network following both street fdealignments separated 20 m.
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Drainage network infrastructure per diameter pipe (cm)

m40 w50 60 m80 100 120 140 w160
100%
o e
80% —
70%

I
— I

60% —
50%
40%
30%
20%
10%

0%

Al Manhattan A2 Barcelone B1HongKong B2 Moscow  C1Chicago C2 Los Angeles

FIGURE 20. Share of drainage system diameters.

The section distributions of the network dependst®mwn structure (tree-like or grid), of the
land uses (The vegetation reduce the runoff flcave) the branching of the network by facades.
The difference is small between Chicago and Losefexyin terms of medium network; or
between Chicago and Barcelona due to the green evea having a similar reticular layout;
finally, is also remarkable the difference betwées grid of Manhattan and Barcelona in terms
of the length of the largest sections.

7.1.2 Drinking water

The measurements of the drinking water system iaendn meters and classified according the
diameters of the pipes. There is constructed a olar@very 50 meters of longitudinal pipeline in
average as well. The following table shows theldnig water system measurements.

g Length bz/

iameters (m’ Total length

Model rlnln? 160 mm (m)

Al Manhattan 0 9169.6 9169.6

A2 Barcelona 0 8088.64  8088.64

B1 Hong Kont 0 4080.9 4080.9

B2 Moscow 0 5747.4 5747.4

C1 Chicago 9744 0 9744

C2 Los Angele 5279.4 0 5279.4
TABLE 18. Drinking water measurements.

The length of the drinking water system dependsa idecreasing meaning, of how much
hierarchical is the street layout, and in turn ovhmuch rectangular is the urban grid and also is
related with the urban fabric size or the pattern.

Pol Adarve Panicot - ETSECCPB —UPC 2008-2009 Page 55



Energy consumption and carbon dioxide emissiotise€onstruction of six urban models

Total length of Drinking water network (ml) per diameter supply

12000
® 110 mm W 160 mm
10000

8000 -
6000 -
4000 -
2000 - I
0 - T T T T T

Al Manhattan A2 Barcelone B1HongKong B2 Moscow C1 Chicago C2 Los Angeles

FIGURE 21. Length of the drinking water system model by model.
7.1.3 Sewage system

The sewage system measurements are shown belowifull the same criteria as the both above
that are classified according the length of theepipth the same diameter. The manholes again,
are constructed every 50 meters in average in doderovide access to the network for workers

in case of failure.

Length by diameters
Total length

Model (m) ) Manholes
30cm 40cm 50cm
Al Manhatta 9099.¢ - 13.7¢ 9113.3¢ 182
A2 Barcelona 7166.8 151 - 7317.8 146
B1 Hong Kong 4080.9 281.7 1419 4504.5 90
B2 Moscov 5747 .« - - 5747 .« 114
C1 Chicago 6297.5 - - 6297.5 125
C2 Los Angeles 5279.4 - - 5279.4 105
TABLE 19. Sewage system measurements.

Total length of Sewage network (ml)

10000
9000
8000
7000

6000
5000
4000
3000
2000
1000

0

Al Manhattan A2 Barcelone Bl HongKong B2 Moscow  C1Chicago C2 Los Angeles

FIGURE 22. Total length of the sewage system per model.

The length of the sewage system depends, in peaaticthe same factors than the drainage
system.
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Drainage network infrastructure per diameter pipe (cm)
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FIGURE 23. Share of each diameter of the sewage system pezlmod

The section structures is much more simple thatdhrewater; here the flows are much smaller
and require less to change to larger diameters.

7.1.4 Publiclighting

The public light measurements are collected infthlewing table, model by model ant for the
road category and functionality. The features shawe the roadway with which have to
illuminate, the lamp-post distribution, the colurheight, the distance between lamp-posts and
the bulb potency. Additionally, it is shown theablength that each network covers and the total
number of lamp post placed.

Lamp- Lamp-post  Bulb
Model Road Roadway Lamp-posts post separation power Length  Number of
category width (m) distribution height (m) Lamp-posts
™ (m) w)

Al Manhattan  Avenue 18 bilateral 10 27 250 1902 141
Street 9 staggered 8 20 150 3618 181

A2 Barcelona  Street 10 staggered 8 20 150 4920 246

B1 Hong Kong Avenue 18 bilateral 10 27 250 1860 69
Collector 9 staggered 8 20 150 717.2 36
Local 7 staggered 6 15 100 498.4 33
Allée C=20, A=12 bilateral 6 20 100 1078.8 108
Promenadel  C=16, A=7 staggered 6 15 1001914 13
Promenade?2 C=10, A=7 unilateral 8 20 150 880 44
Pedestrian 6 unilateral 6 16 100 659.2 41

B2 Moscow Avenue 21 bilateral 10 27 250 1281 95
Collector 6 unilateral 6 15 100 2921.2 195
Parking 1 16 bilateral 8 20 150 1883.6 188
Access 6 unilateral 6 15 100 1760 117
Parking2 11 staggered 8 20 150 92 5
Path 2 unilateral 3 10 70 37126 371

C1 Chicago Avenue 11 staggered 10 25 250 2280 91
Street 9 staggered 8 20 150 3696 185
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C2Los Avenue 24 bilateral 10 27 250 4626 34
Angeles
Local 105 unilateral 10 27 250 2693.7 100
TABLE 20. Public lighting measurements.

The lighting measurements depend on: the type amght of the lamp-post that holds the
luminary; the continuity of the streets of the gritle typology of the lighting in relation of
roadway-sidewalk and the street trees. It is esédchdhat the lack of maintenance and an
adequate pruned, to provide a determined forninescause that the light intensity does not reach
the street floors in dense cities.

Installed lighting capacity per hectare (W/Ha)

4500
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Al Manhattan A2 Barcelone Bl HongKong B2 Moscow C1Chicago C2 Los Angeles

FIGURE 24. Installed lighting capacity.

Lamp-posts per hectare (u./Ha)
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Al Manhattan A2 Barcelone B1HongKong B2 Moscow C1Chicago C2 Los Angeles

FIGURE 25. Number of lamp-post per hectare.
7.1.5 Treealignment

The street trees are composed by four differerggygs it is shown in the following table eith its
total amount planted in each model.

Model Tree specie Quantity

Al Manhatta Pyrus communis 400
A2 Barcelona Platanus Hispanica 360
B1 Hong Kony Koelreuteria paniculata 176
B2 Moscow Alnus glutinosa 876

C1 Chicag Pyrus communis 968
C2 Los Angeles Pyrus communis 136

TABLE 21. Tree measurements.
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7.2 Results of energy consumption and CO2 emissions

The structure of the presentation of the resultsists basically in two main parts. The first one,
give the results of the public infrastructure imp#wroughout two stages, firstly during the
material manufacturing and secondly due to theallston works. The second main part,
contains the results of the building contributi@gain during the material manufacturing and
assembling stages. The results always expressdwpire and per inhabitant.

7.2.1 Publicinfrastructure

The results of the public infrastructure are givantwo parts. The first one is the energy
consumption due to material manufacturing, andséend one, the energy consumption result
of installation works. Both parts of the resultge @xpressed first per hectare and second per
inhabitant.

7.2.1.1 Energy consumption in material manufacturing andstouction stagesr hectare

The results of the manufacturing stage reveal deénhitely the roadway infrastructure is taking
the lead in terms of energy consumption, mainly @uthe production of hot mix asphalt which
requires high temperature processes. The secondcomsibuting unit to energy consumption is
the drainage system, due to the concrete pipelnasufacturing, followed by the sidewalk
infrastructure on average. From the fourth to theéhsplace are taken by the lighting, the
drinking water system and sewage system leavingaskeplace for gardening that does not
requires almost any manufacturing process. So,bHrechart below shows the gigajoules (1
gigajoule is equivalent to 1 billion joules) perctare of each civil work unit.

Regarding the patterns the Al is taken the leatkims of the total energy consumption for

materials manufacturing followed by A2. So the telose fabrics occupy the first two positions.

Next, we find the patterns C1 and B2 with similapact. The next pattern is the B1 which have
les length of public infrastructure. And finallyp the last position we have the fractal street
layout model C2.

5,000.00

4,500.00 -

4,000.00 -

3,500.00 -

3,000.00 -

2,500.00 -
T
S 2,000.00 -+
o

1,500.00 -

1,000.00 -

0.00 - _-J__.-_-__ Brm -
DRINKING
TOTAL ROADWAY | SIDEWALKS | LIGHTING WATER DRAINAGE | SEWAGE | GARDENING
B Al (Manhattan) | 4,583.11 2,620.58 554.16 214.08 190.78 816.79 179.52 7.20
H A2 (Barcelone) 4,189.72 2,312.08 683.37 133.43 197.02 703.08 152.44 8.30
HB1 (Hong Kong) | 2,998.81 1,223.74 577.75 153.79 93.97 823.35 122.24 3.99
B2 (Moscow) 3,702.41 2,336.44 182.60 271.73 111.99 660.56 116.83 22.26
H C1 (Chicago) 3,724.90 2,202.03 294.30 293.75 101.64 687.87 128.36 16.96
m C2 (Los Angeles) | 1,449.47 694.66 113.91 51.68 30.01 457.63 98.64 2.93
TABLE 22. Comparative energy consumption in civil work umits urban model in manufacturing stage (GJ/Ha)
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The next bar chart with its matrix data contaireséhergy consumption due to installation works.
The energy consumption of installation works is mhaidue to machinery usage for digging,
filling, compacting, picking and transport. The deay is still taking the lead although with less
advantage. There is a notable contribution in @m@én piping installation and sidewalks
construction. It is important to note that the eage of drainage system is mainly due to the large
trench dimensions, and in turn the amount of diggiworks that this network requires. Sewage

has a remarkable impact while lighting, drinkingtevaand gardening have less contribution.
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TOTAL ROADWAY S'DEZVALK LIGHTING D&;ESE';G DRAINAGE | SEWAGE GAR[()SEN'N
H Al (Manhattan) 926.76 428.03 185.14 16.34 17.26 195.89 78.21 5.89
A2 (Barcelone) 752.35 369.55 129.65 16.30 21.08 157.20 51.78 6.80
m B1 (Hong Kong) 676.86 172.34 235.94 16.40 8.29 191.01 50.37 2.50
B2 (Moscow) 570.64 282.36 40.95 28.42 8.39 147.73 50.58 12.19
B C1 (Chicago) 626.10 302.35 67.74 27.32 14.63 139.36 54.21 20.49
B C2 (Los Angeles) 358.29 187.39 29.48 6.26 5.31 95.27 32.19 2.40

TABLE 23.

Comparative energy consumption in civil work umies urban model in construction stage (GJ/Ha)

7.2.1.2 Energy consumption in material manufacturing andstouction stages per inhabitant

If we take into consideration the number of inhaibis housing each pattern the scenario change
completely. We may see now that the low-densitygpaitC1 and C2 take the lead resoundingly
in what material manufacturing refers (see tableve Also the pattern B2 have a significant
impact per inhabitant but still not comparable witle two firsts. In is worth to stress now that

the units are given in megajoules (1 megajoulgisvalent to 1 million of joules) per inhabitant.
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TOTAL ROADWAY | SIDEWALKS | LIGHTING D\F;J%'E'\F‘(G DRAINAGE | SEWAGE GARZEN'N
H Al (Manhattan) | 4,327.91 2,474.66 523.30 202.16 180.15 771.30 169.53 6.80
H A2 (Barcelone) 5,146.67 2,840.17 839.45 163.91 242.02 863.66 187.25 10.20
mB1(Hong Kong) | 2,467.87 1,007.07 475.46 126.56 77.33 677.57 100.60 3.28
B2 (Moscow) 15,102.74 | 9,530.73 744.85 1,108.45 456.81 2,694.54 476.56 90.80
H C1 (Chicago) 78,347.11 | 46,316.03 6,190.12 6,178.54 2,137.73 14,468.16 2,699.79 356.74
M C2(Los Angeles) | 60,913.22 | 29,192.86 | 4,787.01 2,171.83 1,261.07 19,231.75 | 4,145.38 123.33
TABLE 24. Comparative energy consumption in civil work umi&s inhabitant in manufacturing stage (MJ/Ha)

When it comes to energy consumption due to cortgbruovorks the scenario it is almost
repeated keeping in the highest positions the lemsdy unban structures.
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DRINKING
TOTAL ROADWAY | SIDEWALKS | LIGHTING WATER DRAINAGE | SEWAGE | GARDENING
mAl(Manhattan) |  875.16 404.20 174.83 15.43 16.30 184.98 73.86 5.57
m A2 (Barcelone) 924.19 453.95 159.26 20.02 25.90 193.10 63.61 8.35
m B1 (Hong Kong) 557.02 141.83 194.17 13.49 6.83 157.19 41.45 2.06
B2 (Moscow) 2,327.73 1,151.80 167.05 115.95 34.24 602.63 206.34 49.73
H C1 (Chicago) 13,168.99 6,359.38 1,424.70 574.73 307.82 2,931.20 1,140.15 431.01
W C2 (Los Angeles) | 15,057.08 | 7,875.15 1,238.71 262.91 222.95 4,003.69 1,352.75 100.92
TABLE 25. Comparative energy consumption in civil work umigs inhabitant in construction stage (MJ/Ha)
7.2.1.3 Carbon dioxide emissions in material manufacturiagd construction stages per
hectare

Firstly, it is shown the resulting G@missions due to the material manufacturing stagmly
because of the emissions for power generation ramdgort of the raw materials to the industry.
The next char bar has the units of metric tonshpetare of pattern.
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DRINKING
TOTAL ROADWAY | SIDEWALKS LIGHTING WATER DRIANAGE SEWAGE GARDENING
B Al (Manhattan) 584.52 347.79 91.62 23.44 24.82 75.95 20.12 0.77
H A2 (Barcelone) 531.42 310.15 94.27 16.98 26.63 65.56 16.95 0.89
H B1 (Hong Kong) 382.58 164.97 97.88 16.86 12.56 76.96 13.15 0.21
B2 (Moscow) 467.54 320.82 24.50 30.89 15.35 61.68 13.11 1.19
W C1 (Chicago) 475.12 306.55 44.17 32.00 12.91 64.17 14.41 0.90
H C2 (Los Angeles) 177.35 94.97 17.58 6.51 4.16 42.48 11.34 0.31
TABLE 26. Comparative C@emissions in civil work units per urban model inmfacturing stage (Tons/Ha)

As we may appreciate, again the production of hgtasphalt and bitumen aggregates takes the
lead in terms of environmental impact. However thiainage system and sidewalks have a
comparable effect with the roadway.

The contribution to the C{emission through the construction stage it is showthe following
table. In general terms, looking at the total catutris found to be half of the contribution due to
the material manufacturing stage. Here, the, @@issions are caused by machinery usage for
digging, filling, compacting, picking and transpoftthe civil works.
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DRINKING
TOTAL ROADWAY SIDEWALKS LIGHTING WATER DRIANAGE SEWAGE GARDENING
B Al (Manhattan) 241.46 111.80 47.75 4.27 4,51 51.16 20.43 1.54
H A2 (Barcelone) 196.07 96.50 33.45 4.26 5.51 41.06 13.52 1.78
H B1 (Hong Kong) 176.55 45.02 61.39 4.28 217 49.89 13.16 0.65
B2 (Moscow) 149.04 73.75 10.70 7.42 2.19 38.59 13.21 3.18
B C1 (Chicago) 163.31 78.97 17.47 7.14 3.82 36.40 14.16 5.35
B C2 (Los Angeles) 93.49 48.95 7.60 1.63 1.39 24.88 8.41 0.63
TABLE 27. Comparative C@emissions in civil work units per urban model anstructing stage (Tons/Ha)
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7.2.1.4 Carbon dioxide emissions in material manufacturiagd construction stages per
inhabitant

The current section present the results obtainedhef CQ emissions during the material
manufacturing stage per inhabitant. Again, whernrefiect the release of GQer inhabitant the
scenario changes completely. Regarding the putiiastructure here, the highest release 0§ CO
is caused by the C1 (Chicago) pattern, while theeki is the pattern B1 (Hong Kong) due to the
low percentage of public infrastructure per inhahit Note here that the results are given in
kilograms of CQ per inhabitant.
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DRINKING
TOTAL | ROADWAY | SIDEWALKS | LIGHTING | "\ /oo™ | DRIANAGE | SEWAGE |GARDENING
HmAl| 551.97 328.42 86.52 22.14 23.44 71.72 19.00 0.73
mA2| 652.80 380.99 115.80 20.86 3271 80.54 20.82 1.09
HBl| 31485 135.76 80.55 13.87 10.33 63.33 10.82 0.17
B2| 1,907.17 | 1,308.70 99.92 126.02 62.60 251.61 53.48 4.84
ECl| 9,993.28 | 6,447.68 929.15 672.99 271.60 1,349.78 303.07 19.02
mC2| 7,453.00 | 3,990.90 738.61 273.64 174.96 1,785.29 476.38 13.22
TABLE 28. Comparative C@emissions in civil work units per urban model inmmfacturing stage (kg/inhabitant)

The release of CQduring the construction works is roughly half bétmaterial manufacturing
stage for all the models.

The following graph belongs to the results of Lgnissions during the construction stage given
in Kilograms per inhabitant.
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DRINKING
TOTAL | ROADWAY | SIDEWALKS | LIGHTING | =\ \-oo” | DRIANAGE | SEWAGE |GARDENING
mAl|  228.02 105.58 45.10 4.03 4.26 48.31 19.29 1.45
HA2| 24086 118.54 41.10 5.23 6.76 50.44 16.61 2.18
EBl| 145.29 37.05 50.52 3.52 1.78 41.05 10.83 0.54
B2| 607.97 300.85 43.63 30.28 8.94 157.40 53.89 12.99
mCl| 3,43500 | 1,661.07 367.49 150.12 80.40 765.58 297.76 112.58
mC2| 3,928.74 | 2,056.99 319.52 68.67 58.23 1,045.70 353.26 26.36
TABLE 29. Comparative C@emissions in civil work units per urban model anstruction stage (kg/inhabitant)
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