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1 ABSTRACT

We live in a planet with limited resources and @y of life is based on resources consumption. This
consumption generates externalities as a resultl@n metabolism. One of the main resources weyalwa
need is energy; we need it for obtaining raw malgrifor processing them, for commuting every day,
communicating, for watertreatment, or for our ovetiudar metabolism; and as our society is becomioge
technified we are getting more energy dependent. st reduce energy consumption and increase
efficiency, we have started this race and the astise undertook had good results but there is merean

do to go forward in this field.

Cities are complex systems, connected and depen@iigs are the main consumers of resources, tand i
makes them play an important role as a drivershange. To make smart cities we need real time data.
Technology and knowledge must arrive to final ws®t the user needs criteria for decision makingage

that possible. In the last decade there have bemat gdvances in technologies, in sensor’'s devedapm
ways and speed for data communication, and toalsapplications to visualize data. The challenge i®w
integrating all of this in order to make the citgmsart.
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Urbanization, the demographic transition from rumalurban, is associated with shifts from an adpirce-
based economy to mass industry, technology, aniceefor the first time ever, the majority of twerld's
population lives in a city, and this proportion tooes to grow. One hundred years ago, 2 out ofyel@
people lived in an urban area. By 1990, less tlt# df the global population lived in a city, butas2010,
more than half of all people live in an urban aia.2030, 6 out of every 10 people will live in &y¢and
by 2050, this proportion will increase to 7 outl®f people. Currently, around half of all urban dersl live
in cities with between 100 000 - 500 000 peoplel fmwer than 10% of urban dwellers live in megasiti
(defined by UN HABITAT as a city with a populatiof more than 10 million).

Cities also consume 75% of global energy productimmerate more than 70% of the total wastes amd ar
directly responsible for more than 80% of global@Emission$.So doing cities more efficient, less energy
and resources demandant and reducing their ecaldgiotprint is one of the key factors to tackeblzgl

! Hugo Ahlenius, UNEP/GRID-Arenda. UNEP 2009. Treimisirban and rural populations, less developeibnegy
1960-2030 (estimates and projections)

2 Ash C, Jasny BR, Roberts L, Stone R, Sugden A§RE&&imagining cities - Introduction. Science 38K85): 739-
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challenges. Cities should also contribute to engmgyeration. One of the main problems is that Eesap
cities have old dwellings that they ussually doatomplish the actual standards. Building brand new
efficient urban districts is relativelly easy tooatplish nowadays, but what do we do with the alyead
existing city?

2 SMART CITY BARCELONA

Barcelona is working to be a smart city. The cityl anetropolitan area are working to get more kndge
and data of the current situation of territory @sdotential for being more efficient. New techmgikes such
as satellite data or parameterization are beind tsget more information. And the relevance oizeit's
role towards a smart city is being more recognizsedthe administration is working to provide thetithw
more data and tools to make good decisions.

2.1 Generation of local and renewable enenrgy

Metropolitan area of Barcelona is energy dependsrthe main part of urban systems. However these is
part of the needed electrical energy generationhishaeing produced in the territory. In 2012, ab4ibo of
electrical energy demand could be covered withdhergy generated in the metropolitan area. Energy
generation in big energy plants, with a combinedecyower of 2.591 MW, cover about 30% of electrica
consumption while an important number of small gpeylants distributed around the territory conttébin

8% to selfproduction.

If we analyse the electricity consumption in then@@nicipalities that conform the Metropolitan Anga can
observe that the ones with highest urban densitae Hass electricity consumption. For example Santa
Coloma de Gramenet has a density of 17.147 inh&dkd the average electricity consumtion per irtagb

is 983 kWh in the other extrem we find La PalmaCa#gvell6 with a urban density of 547,8 inhab/kmé an
the avergae electricity consumptions is 2.062 kWHab. You can find similar relations with water
consumption and CQyeneration.

URBAN MORFOLOGY AND ENVIRONMENTAL BEHAVIOR IN BARCE LONA
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Urban areas need to use energy in a wiser and emaaly. Dense and compact cities in mild weathers
facilitate to implement an efficient public transgion and also they make more easy to implement
sustainable mobility (pedestrian and bikes). Bam&lhas a mediterranean climate so mainly the gnerg
demand comes from domestic sector. To achieverbettergy behavears we will have to work with the
existing dwellings but also we will need to use itheewal energy potentials that we have in our.area

How to solve energy supply is an essential andegfieal issue that the city and metropolitan a@satb deal
with, and the selection of the sources will defthe degree of fossil fuel dependency or selfsuficye
Renewable energy production is a suitable way toredese fossil fuel dependency while increasing
selfsuficciency degree, and makes the city moréremwmentally friendly and resilient. Barcelona aitsl
metropolitan area are working on how to increasewable energy generation but furthermore the isity
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making an effort to use as own resources somddhatlong time has been forgotten and unused ghaity
some of the urban metabolism outputs.

The first infrastructure integrated in the energgtem was the incineration plant of domestic waktpart
from the electriciy production, residual heat ismnmtegrated in a district heating and cooling sgstof
more than 13 km of pipe extension supplying 68dings (2011). With a heating capacity of 44,6 MV an
cooling capacity of 69,2 MW this DHC system, coidsatied but with a long way for extension planned,
improve energy efficiency and reduce fossil enexgrysumption in the urban transfomation of 22@ istr
and Forum area.

The second DHC system of the city combines sewssiems that make it particularly efficient: on tne
hand, the use of residual cold gasification proteastakes place in the Port, I+D project competew,
and on the other hand, the use of biomass thatc&m®m municipal parks and gardens.

Regarding to renewable energies, Sustainabilityrdpetitan Plan has started the study of renewatdegy
potentials in its territory. Lidar technology wased to create a 3D model so solar radiation coeld b
calculated in detail to create a solar radiatiop.nidownscaling the results it would be possiblestmate
the energy potential of each roof. It will be altooeated with the knowledge of local data, advdnce
technologies and directed to a specific result. §dlar potential could be translated into how manwhich
type of sollar panels could be installed or how muould be the necessary investment for it, givanteria

to citizens to decide if they want to contributeeioergy generation and also to public administnatito
priorize some investments to make one step foriawards smart city.

Wind energy was also in study to know the metragolpotential. From a simplified 3D model it is exfed

to get generation potential at different heighelsy Other renewables as getothermal energy, fbrestass
energy or marine energy were studied also withsiree vision of identifying and measuring metropaolit
renewable energy potentials.

POTENTIAL IN RENEWABLES. MAPPING LOCAL RESOURCES

Marine energy
Solar energy

Wind energy
in progress .

3 SMART CITY CHALLENGES

Sustainable development and climate change is dntheo main global challenges facing humanity.
According to the main role cities play in that ssnsorking to be climate neutral is one of the n&ns in
the agenda of the global cities.

Climate neutrality can be approached by differerdles in city context, from metropolitan to citizen
behavior passing through the whole city, distribtgldings or households. District level is probatiie one
that can have the most impact. The European Pr@jedE (Climate Neutral Urban Districts in Europs) i
working to define some solutions at this scale.
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The consideration of new districts or existing urlisssues is one of the things that need to besdisd
when working towards climate neutrality. Most oéthgood practices are new developments, but the very
real challenge is how existing urban tissues catndmsformed to be more climate friendly.

There is one more challenge to consider which issitie factor. Urban density can be a parameter that
allows cities to be more efficient in many sendas, also a conditioning for the quality of life tieir
inhabitants. Furthermore, and again, there are ngaoyg practices around for planning ecodistrictéonf
urban densities but the real challenge is how carulilt a dense ecodistrict, or a dense climatdraleu
district.

In the last decades there has been several edtdistr green neigborhoods developed all over. Wjan
analize some of these new ecodistricts like BoOMa&mo, Kronsberg in Hannover, BedZed in London, or
many others you realize that usually they have dewsities compared to many other realities or danse
compact cities. As we have seen the world willéage it's population and many of this popoulatggading

to be located in cities. New constructions couldnmrre efficient but we will have to consider comipac
density and compact areas as a main goal, whidheisequilibrium related to the energy balance of a
compact and dense city?

Hong Kong is extremly dense city 56.200 inhab/khdw we can improve all the existing dwellings. In
those extremly high skycrapers? how do we implerselatr panels or other type of renewals?

Working with passive mesures, reducing demandsnbseasing building standards, using high efficiency
technologies, implementing renewals, using sinerlii@ waste to energy and with an important betravi
change. Maybe those are only some of the issuegotl with. Cities are already using several of this
strategies. Changing business as usal way of dawglaities is also important.

4 CONCLUSION

One of the main ways to face planet challenges fedus on cities, so working towards smart citlaghis
path is necessary to have and use knowledge, tlethe® and criteria to make the right decisiongto
forward it.

Knowing the potential of renewables in the metrdpol area of Barcelona is only a first step. We gan
solve the energy problem of cities only with tediogy, we also need knowledge, social compromisetand
change the economic model based in fossil fuelwopsion. Citizens need information, what is theieeyy
consumption? Which elements of their houses oheif style of live is contributing more to climatkange?
If they’ve got information and tools to act oveetimechanisms they could react and change theavimk.

Energy is for sure one of the challenges that wee lzdnead. We have limited resources of fossil faals
uranium. Energy consumption and population keepsvigig although cars, electrodomestics, computers,
diveces are getting more efficient. We have a vechnified society that demands more energy. Eitss
has calculated that by 2019 there will be more 8&nbillion of mobile subscriptioristhat is more than the
estimated population that United Nations reportsestimating for that year.

How cities challenge global issues related to gnargl climate change will be determinant for theifer of
our plannet. Working with climate neutral urbantidcts will be necessary, but also dealing with@id#on
to climate change will be crucial, making more iéar# cities.

We, humans are the only specie that is capablederee their habitat from outside, we can get médion,
data from the space, we can mesure how GHG argictiarhow the ocean is warming or acidifying, so we
don’t have excuses to search, to act and to tagéhal challenges.

% Ericsson Mobility Report November 2013.
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