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Abstract   
The beginning of the project consisted of creating the framework for the urban node. First it 

was decided to use the beach promenade as scene for the prototype and assume full access 

to the local fiber network. Also it was assumed that the urban node could draw power from the 

local electricity network when needed and sell back excess power generated. The project brief 

can be boiled to the following definition of the urban node: 

 

• Generate more energy than it consumes 

• Intelligent lighting 

• Distribution of WIFI from local fiber network 

• Aesthetically and contextual appropriate 

• Modular design 

• Sustainable design 

• Use of ICT1 to gather local information 

 

The idea is to have an interior system consisting of three different elements: a power unit 

delivering and controlling renewable energy, an acquisition unit to obtain inputs from sensors 

and users and a brain unit to analyze and interpret these impulses into useful and accessible 

data 

 

In order to comprehend the needs that should be addressed by the urban node, relevant topics 

were researched, such as demographics, human factors, state of art, smart cities etc. After 

compiling the research it was translated into a function analysis, which is the guideline for the 

current design of the urban node. 

With the function analysis as a guideline several shapes were investigated to see how they 

would function as a shell for the features earlier selected. After a design was chosen, an 

emphasis on completing this very same design was put. 

  

  

                                                
1 Information and Communication Technology 
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Introduction  

 
Vilanova i la Geltrú 
 

 

This paper seeks to discover the possibilities for using ICT in an urban element, such as a 

streetlamp, a bench or even a garden. The idea is to empower the people in the city with 

information about their local surroundings and invite them to interact with the environment and 

to each other in the public space. There has to be given great care to the shape, so that it will 

suit and complement Vilanova i la Geltrú aesthetically. Furthermore, it is a requirement that the 

main part of the project can be handed directly over to Vilanova i la Geltrú Municipal, for them 

to execute using local labor and resources as much as possible. 

In short: How to implement ICT in public spaces to benefit the citizens daily life and enhance 

the bonds in the local community using local project management, local manufacturing and 

local installation? 

The reasoning behind this statement is that Vilanova i la Geltrú urgently needs a well 

structured and well planned project, which is able to employ a considerable fraction of the 

municipal’s unused workforce. The current unemployment rate is simply unacceptable and 

must be broken for the community to overcome the challenges. This is an attempt to create a 

profitable business case that will benefit the local community, by creating a positive spiral.  

The investment of Vilanova i la Geltrú municipal in the urban node project will fund money into 

small and medium-sized local companies, which will require them to hire local labor force, so 

the money will be distributed further into the hands of the workers. This will generate new 

highly qualified jobs as well as unskilled jobs and help Vilanova i la Geltrú municipal both by 

saving cost by unemployment benefits and by earning money from the taxes. The production, 

transportation, installation, maintenance, administration and disposal will be specified and 

protocolled so it can be handled by the community itself efficiently. This can be achieved 

through smart solutions, which will make the work simple, intuitive and efficient. 
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Company 
 

 

Neàpolis is an innovation agency for technology, design, and entrepreneurship. They provide 

educational programming, space and support to facilitate collaborative practices and learning 

opportunities across a community inspired by the entrepreneurial experience. 

 

 
“Neàpolis company logo; taken from www.Neàpolis.cat” 

 

As Public Innovation Agency for ICT and Multimedia, Neàpolis has been strengthening 

Vilanova i la Geltrú and its territory of influence as a business location for IT, media and 

creative industries since 2006. Neàpolis improves local innovation and competitiveness 

including the promotion of regional, national and international cooperation. 

Vilanova i la Geltrú wants to consolidate itself as a campus of knowledge. In this sense, the 

city is already working in this direction, in order to create new highly qualified jobs. 

Neàpolis has a very close relationship to the EPSEVG and coordinates research projects 

together, like UPC Centre Technologic, Technological Development Centre of Remote 

Acquisition and Data Processing Systems, LAB, Laboratory of Applied Bioacoustics, CRAAX, 

Advanced Network Architectures Lab and CDAL, Light Alloys and Surface Treatments Design 

Centre. 

 

Neàpolis is also involved in other projects such as YUZZ, Living Lab - ENoLL (European 

Network of Living Labs), GRUPO Connect-EU and CULTURAL RING. 
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Research  

 
To kick start the project of in a good way, several topics were discovered to be relevant in 

connection with the urban node and investigated. The results are shown below. 

 

Vilanova i la Geltrú 
 

 

    
 

 

 

 

 

 

“Geographic’s of Vilanova i la Geltrú 1” 

 

 

Altitude: 22m 

Surface: 34,48 km2 

Population: 66.905 inhabitants 

Density: 1.941 inhabitants/km2 

  

Urban Land: 628,99 ha 

Developable land 533,85 ha 

Undeveloped land: 2.284,72 ha                                  “Geographic’s of Vilanova i la Geltrú 2” 

 

      

 

Vilanova i la Geltrú i la Geltrú is the capital of El Garraf, a region that lies halfway between the 

main metropolitan areas of Barcelona (40 km to the north), and Tarragona (45 km to the 

south), and covers a total area of around 34 km2. Its population is around 67,000 inhabitants 

according to the census in 2012. Its rich history started many centuries ago; in 1274 it was 

awarded the Carta Pobla (City Charter) by King Jaume I. 
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The economy of Vilanova i la Geltrú i la Geltrú was originally based on its agriculture and wine 

shipping commerce (in the 18th and 19th centuries), and later on, its textile industry. In recent 

years industry has diversified, with the presence of large metal, chemical and textile factories 

(since the first half of the 20th century). The city still maintains a certain amount of agricultural 

commerce and one of the most important fishing fleets in Catalonia. There has also been an 

important development in the sector of tourism and leisure facilities. Close to the town there 

are also three protected areas to be discovered.  

Location and the port  

The communication with Barcelona and Tarragona is excellent, with transport through roads, 

railways lines and bus lines. It is also well connected to the airport Barcelona-Prat in 25 

minutes by car. 

 
“Vilanova i la Geltrú on Google maps; www.maps.google.com” 

 

Vilanova i la Geltrú has the third most important port of Catalunya with annual catches of 

almost 5.000t. The port is also between the first port (in Barcelona), and the second, in 

Tarragona. The port of Vilanova i la Geltrú can work as an office and has two shipyards for 

repairs of large ships and sport boats. It has also a dry marine to stow all kinds of boats. 

Vilanova i la Geltrú's fishing tradition is still part of its everyday routine, especially in the parts 

of the town that are close to the sea and particularly to the port. Inside the port you can 

purchase fresh fishes, right after being caught. It is the traditional face-sale, but recently it was 

created a service of purchasing the fishes also through Internet. 

In a city with such a tradition of agriculture and fishing, its cooking, based on fresh production, 

is very important and widely known. 
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“Vilanova i la Geltrú port; taken from www.Vilanovaturism.cat” 

Vilanova i la Geltrú distribution 

 

Pharmacy and sanitary buildings 

  

·  Red and Green crosses: Pharmaceuticals. 

·  White crosses: Focused healthcare. 

 

Education buildings 

 

·  P: Primary school 

·  S: Secondary school 

·  Biber: Kindergartens 

·  Hat: University 
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Cultural activities buildings 

  

·  Tape cinema: Cinemas 

·  Square with Round: Monuments 

·  Paint Palette: Libraries 

·  Mask: Theater 

·  Building: Museums 

 

Sports buildings 

·  E: Fitness 

·  Person: fitness 

·  Ball of basketball: zone to play basketball in the 

street 

·  Ball of soccer: area to play football in the street 

·  Running man: physical conditioning circuit 

 

“Distribution of shops in Vilanova i la Geltrú; taken from www.Vilanovamaps.cat” 

Cultural activities  

Vilanova i la Geltrú has a complex of water sports within the port, beaches, seafront 

promenade, golf course. There is a wide number of cultural activities, including nationally 

important museums as well as an annual program of theatre, music and cinema. 

 

Vilanova i la Geltrú has one of the most intense calendars of traditional celebrations in 

Catalonia, especially Els Tres Tombs, Carnival and Festa Major.  The most emblematic festival 

is Carnival, formed by large groups of people all wearing similar costumes. On the days 

around August 5th the most important festival of the summer takes place: the Festa Major. 
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“Vilanova i la Geltrú festival; taken from www.Vilanovaturism.cat” 

Summary 

Vilanova i la Geltrú is a Mediterranean city with a big influence of the fishing and the sea. This 

city has the third largest port of Catalonia. 

Though Vilanova i la Geltrú is a medium city, with around 67.000 inhabitants, it preserves the 

character of a village with a lot of traditional festivals including the carnival and the festival 

called "Festa major". 

  

As Barcelona, Vilanova i la Geltrú have a Mediterranean environment and weather, with lots of 

tourist specialties in summer, when the beaches are a full of people. But Vilanova i la Geltrú is 

more peaceful than Barcelona, so people normally say that life quality is better, with less traffic 

and rush combined with a more secure and intimate environment. 
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Demographics  
 
 

 
Based on 2012 data, Vilanova i la Geltrú has a density of approximately 2000 inhabitants/km2 

and a population of 51,2% women and 48,8% men. Until 64 years the proportion is very 

similar, but from 65 years on, the number of women is superior. See detailed age information 

on the graph below: 

  

 
“Age distribution; generated from IDESCAT 2data” 

 

Concerning to nationality, 86,46% of Vilanova i la Geltrú citizens are Spanish, the other 

13,54% are foreigners. Only about 1,8% of the population lives abroad. Follows a graph about 

place of birth of Vilanova i la Geltrú citizens: 

 

                                                
2 IDESCAT: Institut d’estadístiques de Catalunya 
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“Origin of residents; generated from IDESCAT data” 

 

About knowledge of Catalan, about 95% of the population understands it, while not more than 

74,4% can speak and read. About 5% of the population does not understand it at all. 

Concerning to education levels of population over 10 years, follows a graph: 

  
“Academic level of residents; generated from IDESCAT data” 

 

Analyzing main family homes, most of them (about 80,3%) are between 60 to 119 m2, while 

6,6% are smaller than this and 12,9% are bigger. And about the type of nucleus living in those 

homes, follows a graph: 
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“Family and home distribution; generated from IDESCAT data” 

Catalunya and Barcelona demographics 

Catalunya covers an area of 32.114 km² with an official population of 7.354.411 (2008), of 

which non-Spanish immigrants represent around 12,3%, because immigrants from other 

countries settled in Catalonia in the 1990s and 2000s. 

The urban area of Barcelona includes 5.217.864 people and covers an area of 2.268 km², and 

about 1,7 million people live in a radius of 15 km from Barcelona. 

Barcelona is one of the most densely populated cities in Europe. For the year 2008 the city 

council calculated the population to 1.628.090 living in the 102,2 km2 sized municipality, giving 

the city an average population density of 15.926 inhabitants per square kilometer with 

Eixample being the most populated district. 62% of the inhabitants were born in Catalunya, 

with 23,5% coming from the rest of Spain. The others come from other countries. 

As an official language, Spanish is understood almost universally in Barcelona. In addition, 

95% of the population understands catalan, while 74,6% can speak it, 75% can read it, and 

47,1% can write it. 

Tourism 

Vilanova i la Geltrú tourism 

As said on the Vilanova i la Geltrú topic before, it is a city with plenty of attractions with 

different sectors: nature parks, beaches, the port, festivals, gastronomy, culture and lots of 
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other leisure possibilities. And the tourism is consequence of this huge offer. Many people not 

only from Catalunya but also from lots of parts of the world come to Vilanova i la Geltrú in 

vacations (especially in summer) looking for a calm place to enjoy their free days. 

Catalunya tourism 

Tourists come to Catalunya with the major intention of leisure and vacations (82,8%), followed 

by professional reasons (9,3%) and other reasons are no more than 8%. When in Catalonia, 

tourists use to spend around 850EUR per trip, and around 115 EUR/day. Now follows a graph 

of where tourist came from in 2012: 

 

“Origin of foreign tourists in Catalunya; generated from IDESCAT data” 

 

Spain tourism 

Spain tourism statistics are not very different from Catalunya. In Spain the main reason for 

tourist is leisure or vacations (85,7% even more than Catalunya), followed by professional 

reasons (6,8%, a little smaller than Catalunya) and other reasons summing up 7,5%. When in 

Spain, tourists use to spend around 950EUR per trip, and around 105EUR/day. In 2012, 

tourists came from: 
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“Origin of foreign tourists in Spain; generated from IDESCAT data” 

Summary 

 

The population of Vilanova i la Geltrú is a potentially active population (68%) but also has a 

considerable number of elderly (14%). Vilanova i la Geltrú, and also Catalonia has a large 

number of tourism (14%), which geerally tends to come on holiday. 

  

More than the half of tourism comes from France (52%) the rest are usually tourism UK, 

Germany, Belgium, Italy, Swiss and northern countries, in that order. 

  

In terms of education there is 15% of the population, especially the elderly people, that has not 

received schooling and there are 5% of the population does not understand Catalan. 

  

The standard of living in Vilanova i la Geltrú could be seen well, if considering that 93% of the 

population live in houses more than 60m2
. Almost half the population (40%) live in family 

(partner and children) followed by 24% of the population living with a partner. 

  

In conclusion Vilanova i la Geltrú it is a family atmosphere and active city with a good quality of 

life but still has some of the percentages of illiteracy elderly ages. It also is a city that depends 

on tourism which probe mostly in Europe especially France. 
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Smart city  
 

 

The term "Smart City" is becoming more and more trendy in recent years but still there is no 

clear definition of what it is. The concept of a city was that it would allow all citizens to have 

access of life’s basic necessities close and accessible to the household. But then they started 

to grow without appropriate planning and nowadays there are megacities full of problems that 

comes with them such as congestion, pollution and diseases. It is alarming because cities 

continue to grow and the tendency is to have more people on cities and less on the 

countryside. As cities are responsible for around 75% of the world’s total energy consumptions 

and this effectively makes them the exhaust of the humans that fills the atmosphere with fumes 

of pollution. So arrives the question: Can actions be taken to rethink how we create cities and 

homes? 

Smart City – an interpretation 

This first interpretation defines a Smart City as a city well performing in six characteristics, built 

on the ‘smart’ combination of endowments and activities of self-decisive, independent and 

aware citizens. These six characteristics each consist several distinct factors, which consists of 

its respective indicators. For a full list of factors see appendix, “Smart City Factors”. 

 
“Smart city characteristics; image taken from www.smart-city.eu” 

 

By approaching the term smart city with this methodology it was possible to devise a statistical 

model to rate cities from great amount of data. An advantage of using this method is that it is 

additive but divided through the number of values added, so even though all cities do not have 

the exact same information for indicators, it is still comparable. 
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This methodology is very precise to measure cities within the same limits, focusing the 

analysis to medium cities with good knowledge basis and that are not dominated by a bigger 

city. 

Its a simple analyze, useful to show a lot of data at once, as its an extremely quantitative 

approach, but this is at the same time the disadvantage, because it means processing a lot of 

data, so its a tedious and time consuming process to execute this can of analysis. 

Smart City – Another interpretation 

Boyd Cohen, Ph.D., LEED AP3, a climate strategist and actively engaged in the debate of 

cities of the future. He has created a list of the smartest cities by combining several global and 

regional surveys and ranking. He took into account the Innovation Cities Top 100 Index4 from 

“2thinknow” to compare the level of innovation in metropolitans. Siemens regional rankings of 

green cities, the digital city rankings of Digital Community for cities in the U.S., and the IDC 

rankings of smart cities in Spain were taken into account and the digital governance in 

municipalities worldwide study was used to compare cities on their innovative use of ICT. 

 

Smart City 

Ranking 
CITY Region Innovation Green City 

Quality of 

Life 
Digital City 

1 Vienna EUROPE 5 4th in Europe 1 8 

2 Toronto NA 10 9th in North America 17 10 

3 Paris EUROPE 3 10th in Europe 30 11 

4 New York NA 4 3rd in North America 47 4 

5 London EUROPE 11 11th in Europe 38 13 

6 Tokyo ASIAPACIFIC 22 Above Average in Asia 46 15 

7 Berlin EUROPE 14 8th in Europe 17 32 

8 Copenhagen EUROPE 9 1st in Europe 9 39 

9 Hong Kong ASIAPACIFIC 15 Above Average in Asia 70 3 

10 Barcelona EUROPE 19 NR in Siemens 40 NR in DCR 

                                                
3  Boyd Cohen is a climate strategist helping to lead communities, cities and companies on the journey towards the 

low carbon economy. See www.boydcohen.com. 
4 http://www.innovation-cities.com/reference/index 



 

19 
 

10 Boston NA 1 6th in North America 36 NR in DCR 

 

“Table of top 10 smart cities according to Boyd Cohen” 

 

Boyd took a different approach to smart cities and choose to consider capitals and major cities 

instead of small to medium sized cities, and obviously this yielded some quite different results. 

The methodology of Boyd is actually a combination of a qualitative and quantitative analysis. 

By taking existing quantitative analysis and combining them together with his own logic and 

reasoning a qualitative result appears. 

Smart City – A third perspective 

This perspective is from Sustainia, which describes itself as a global collaborative platform for 

communicating a sustainable future and for building a model and vision for a sustainable 

future. A guide was developed to imagine Copenhagen in 2025, and a list of city principles was 

made, such as all citizens should live within a 5-10 minute walk to green areas, citizens should 

have access to fresh food and clean water, the city should work to improve energy efficiency in 

existing buildings, walking anywhere in the city should be easy and safe and lots of others that 

can be seen in the appendix. 

Sustainia5 is actively trying to reach different groups with influence in the society, so that it can 

be propelled forward by all the organs in unity. Sustainia defines the groups as: The engineer, 

the venture capitalist, the politician, the CEO, the citizen and the advocate. 

It is an interesting approach as it takes different target groups into account, however it might 

not be the exact same organs to push Vilanova i la Geltrú  forward, it raises the question who 

are the organs to be considered in order to facilitate a successful project in Vilanova i la Geltrú. 

Smart City definition  - for this project 

Inspired by the work of others and a jaw dropping TED6 talk by Kent Larsson a unique 

definition and understanding of a smart city arose. The city is viewed upon as a cell, consisting 

of smaller communities and each community is consisting of buildings and these buildings 
                                                
5 Sustainia is an innovation platform where companies, NGOs, foundations and thought leaders come together to 
support and work with a tangible approach to sustainability. http://www.sustainia.me 
6 Technology, Education and Development.  

http://www.ted.com/talks/kent_larson_brilliant_designs_to_fit_more_people_in_every_city.html 
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contain homes. Everything is connected in one big system, as every level of the smart city 

should invite to a sustainable behavior. ICT is used to constantly measure the heartbeat of the 

city, monitor its health and deliver the information free of charge to the public. 

 
“Smartcity construction; imaged created by smartart” 

SmartHomes: According to Maslows pyramid of needs, it is the first concern of most humans 

to have a home. Therefore it is important to create sustainable homes, to fulfill this basic need 

of seven billion people experience in a eco friendly manner. 

The houses are the place of life, work and pleasure where we spend a huge fraction of our 

time, up to 90% in the western world. So they should be more than self-sufficient with 

renewable energies such as geothermal, wind, solar and hydropower. This excess energy can 

be sold back to the grid or alternatively stored in the form of potential energy. This allows for 

the possibility for a city not connected to the normal grid (e.g. in a beautiful remote location). 

SmartBuildings: Buildings nowadays account for one third of humanity´s resource 

consumption, including 3 billion tons of raw materials each year and they consume 40% of the 

energy worldwide, contributing significantly to global warming. Putting it together with other 

factors as the building energy invested to construct them and the energy consumption and 

maintenance, most modern buildings today have a net negative impact on the environment.  

The solution would be smartbuildings with a positive net impact, so that when the building is to 

be demolished at the end of the lifecycle, it will have generated more energy than it has 

consumed. They should be designed to make the utmost use of the natural assets in their 

vicinity, such as daylight and water. This will help both to reduce energy and materials 

consumption and create a better indoor environment. 

SmartCommunities: The idea of giving everybody a car and building roads everywhere has 

accelerated our society forwards, but it is not a sustainable solution anymore. The cars are 

expensive, requires a lot of material, and with the current congestion the car is effectively 

useless in lots of cities. This mobility has also given people an opportunity to just get 

everything in one place, the malls, which are great, but not at the expense of having nothing 
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nowhere else. So city planning and construction should be rethought to make everything 

accessible also to everybody regardless of the their materialistic possessions, such as a car. 

SmartCity: One of the great cities in Europe from before the automobile was introduced, was 

comprised of small communities at a size of approximately one-mile diameter, or a twenty-

minute walk to put it in another way. Interestingly enough Paris has continuously evolved in 

this way. As a result the shops, cafes and pharmacies are very well distributed all over the 

city7. 

 

  
 

 

 

 

 

 

 

 

“Smart city layout; taken from Kent Larsson TED talk” 

 

The benefit from getting these smaller cells is to have everything within walking distance, so 

close that a vehicle effectively becomes obsolete. This was reality several hundreds of years 

ago, and it can become a reality again. But it requires smart governance in order to succeed. 

 

                                                
7 See appendix for shop, pharmacy and physician distribution 
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“City structure through times; created by SmartArt” 

 

Each cell will be connected to one and another by fiber optics, super bike paths, and mass 

public transit. In this way both people and information can swiftly be transferred to the place it 

is required. Each cell is self-sufficient with clean energy produced locally and any excess 

power is sold back to the grid or possibly stored if an appropriate solution for doing so is found. 

 So transport between the cells would be done by bike or public transport and for those cases 

where you need a car, a shared electrical car service would be offered. However, the idea is 

that the service should meet the need and no more, for most commuters mass transit, such as 

metro and trams would be the primary and most efficient way of travelling. With smart city 

planning you could reduce cars and also car parking’s, so it is possible to make place for the 

people who live in the area.  

 

 
“SmartCity transportation; taken from Kent Larsson TED talk” 
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The size of each cell could be imagined to be around 25.000 – 50.000 inhabitants, which 

would be enough to fuel the local businesses in the cell so of course this idea can’t be 

introduced in its purest form into all existing cities. However, it is still something to drive 

towards, especially when expanding the city towards the more rural areas. 

Emotional attributes of a city 

In order to get a better grasp on cities, a simple pro versus con list, were created to help guide 

the design process. 

 

Pro 

Social interaction 

Job possibilities 

Shops 

Infrastructure 

Parks 

Culture 

Community 

Con 

Expensive living 

Lack of safety 

Congestion 

Pollution 

Disease 

Danger 

No nature 

These attributes are what describe a city and the list is created to see how the urban node can 

address some of the pros and seek to avoid the cons. From this inspiration was taken to 

devise services later on. 

 

Vilanova i la Geltrú as a SmartCity 
 

 

Vilanova i la Geltrú have actively been pursuing smarter solutions through smart governance, 

as defined by the first smart city interpretation. It has completed ambitious social housing 

projects in “European Green Cities”8 from 2001. Also the installation of utility ducks for future 

fiber optics is an ambitious and well thought plan. 

 

                                                
8 See appendix for report. 
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The planning of Vilanova i la Geltrú includes many open spaces for the public to interact, which 

is also following the spirit of the smart city. 

 

Where Vilanova i la Geltrú is truly able to improve itself towards a smarter city is in innovation 

and smart solutions, which will ease the everyday life of the citizens, residents and even tourist 

passing by. The motivation for moving towards a smart city is plentiful. Better quality of living is 

the ultimate goal for the smart city and it can be achieved through interaction with the people, 

for example through an urban node. 

 

State of the art  
 

 

The State of the Art collects the latest developments of certain objects, products or ideas; the 

concept of an urban node has not been explored in depth and its definition is still general and 

blur. In the intelligent street furniture field some companies are developing concepts and 

prototypes around two main ideas, as can be seen in the appendix9; these main tendencies 

place technology into urban spaces through multifunctional furniture, these can help exemplify 

the level of development and latest technologies available. 

  

 
“Station Osmose; taken from http://www.transportspublicsexpo.com/sites/default/files/files/Press_Kit-

_EBSF(2).pdf” 

 

‘Main Street furniture companies have been working on intelligent bus stops with new 

technological features for main cities and new cities implementing network systems with real 

time information Exchange. Some of these projects, such as: “Station Osmose” and “Escale 

                                                
9 Selfmade collage of state of art 
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Numérique”, (both implemented in Paris as pilot projects) appeal to social interaction, 

proposing multi-functional social spaces such as coffee shops, self-service libraries and open 

spaces to rest. In Vilanova i la Geltrú’s project features might have social purposes, mainly to 

bring the community together and assure the acceptance of the urban node.  According to the 

survey applied to Vilanova i la Geltrú’s citizens, spaces to socialize are a priority and new 

street furniture should promote spaces for the community. 

 
 “Escale Numérique; taken from  http://www.dezeen.com/2012/07/05/escale- numerique-by-mathieu-

lehanneur-and-jcdecaux/” 

 

Some technological features proposals are: public Wi-Fi hotspots, phone charging and real-

time information screens showing bus lines, maps and main attractions in the area. The 

concepts still keep in mind the importance of advertising in public spaces and aloud community 

message boards and interactive ads. Advertising spaces in the urban node assure a highly 

cost benefit for the city so it would not only be saving money with efficient energy generation 

and consumption but also getting money by selling advertising spots.   

 

The main aesthetic include the use of materials such as light steel, aluminum, glass panels 

and ceramics, the shapes include organic curves and straight lines alluding to the city context. 

The urban node has to fit in the city aesthetics but keeping in mind the standardization of the 

product for a possible implementation in other cities with different landmarks. 

 

The second street furniture with more technological development are street lamps, those don’t 

propose interactive functions or social spaces; the main developments are around renewable 

energy generation and intelligent lighting. The more ambitious concepts are solar and wind-

powered allowing changing the source of energy depending on weather conditions; with the 
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use of LED lighting and renewables they can be self-sufficient and give the extra energy to the 

grid. 

According to Nick Blitterswyk, CEO of Urban Green Energy[3], vertical axis wind turbines are 

becoming the first choice for main companies because it starts generating energy from a lower 

wind speed, therefore you can have it closer to the ground so it becomes a good solution for 

an urban node. 

 

 
“Frog Design Studio; taken from http://www.frogdesign.com/work/carmanah- technologies-solar-led-

lighting.html” 

 

One of the main concerns about street lamps is accessibility and maintenance, Frog Design 

Studio developed “1710” solar street lamps for Carmanah Technologies [4] with easy access 

to electrical components through quick-release clamps that open the top part of the lamp 

where energy-management systems are packaged compactly, with innovations like these the 

cost of maintenance decreases and the lamp becomes a highly efficient solution. 

 

The physical designs trends are based in nature so many organic shapes can be seen in the 

new concepts (leaves, trees and open curves). Structural steel is the main material but 

different finishes are offered in the market such as galvanized or powder coating; P2i has 

developed a liquid repellent nano-coating [5], which prevents water mist and salt water from 

clogging and because corrosion helping to reduce maintenance, which is perfect for the urban 

node because it is going to be implemented in Villanova’s seafront probably facing extreme 

weather conditions and vandalism. 
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 “Liquid repellent nano-coating; taken from http://www.p2i.com/filtration-and-energy” 

 

A few concepts have been developed integrating sensors, network technologies and 

renewables; these alternative street furniture have been presented as concepts but not 

implemented yet, mainly because there isn’t a network infrastructure for managing the 

information but some cities like New York and Paris have already started launching design 

contests to develop innovative street furniture. These approaches to urban nodes include Wi-Fi 

and wireless data traffic, electric charging for vehicles and mobiles, displays with public 

information such as: real time transit updates, events, nearby parking facilities and ad-

supported revenue streams. 

The existing concepts developed a communication system accessible to the public with special 

apps to connect communities and services. For Vilanova i la Geltrú’s community the 

implementation of communications systems in the urban node could help the promotion of the 

seafront around citizens and tourists all year; this service supports the idea of a smart city with 

independent cells by reinforcing services inside the cell. 

 
“Intellistreets; image taken from http://intellistreets.com/videos.php#null” 
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“Intellistreets” by Illuminating Concepts[6] considered speakers as a main function, mainly to 

give audible warnings to citizens; these speakers could be implemented in the urban node, to 

work as alarms but also to play music (local radio) for festivals and social activities. 

The proposal also includes the use of existing poles to minimize the cost of installation and 

reduce the amount of material and manufacture of the urban node; the design proposal could 

fit in the existing structure because is feasible for Vilanova i la Geltrú to reduce cost by 

designing modules around the already existing street lamps. 

The aesthetics of these concepts have not been settled yet because urban nodes are a new 

concept for companies and design studios, so the shape possibilities are endless as long as 

they fit into the city context. 

  

The urban node has to take latest technologies available according to the State of the Art but 

also propose new features, materials and shapes; the design has to fit in Vilanova i la Geltrú 

landmark and be conscious about new technological features but also promote interaction and 

social features to guarantee the community acceptance of new technologies and develop 

Vilanova i la Geltrú as a smart city. 

 

Energy generation  

 
For powering the urban node system, four different renewable sources were chosen to be 

used as a modular solution. They can be divided into two major groups, efficient energy 

production and enticing energy production. The efficient energy production is consisting of 

wind turbines and photovoltaic panels and the inciting energy production consist of 

piezoelectricity and user input through physical exercises. 

Wind turbine 

This turbine is operating on the principle of the flow of gas (atmospheric air), which is 

generated by the difference between high and low pressure: wind. The speed of the wind is 

determined by the significance of the difference between the pressure systems. By converting 

some of the motion from the wind into a mechanical motion it can be transformed into energy 

by a turbine. Most windmills only operate when the wind is within a certain range, for example 
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4 - 12 m/s. The reason for this is, that the generator can be optimized to work under these 

specific conditions with a higher efficiency. 

There are two major types of wind power, Horizontal Axis Wind Turbines (HAWT) and Vertical 

Axis Wind Turbines (VAWT). The main differences can be summarized into the table below: 

 

Condition HAWT VAWT 

Direction of wind Dependent on quality wind 
Changing direction of wind 

have minimal impact 

Noise (aerodynamic) 
Occurs often and causes 

problems regularly 
Minimal noise due to the low 

rotor speed 

Safety in bad weather Risk of over speed at 12 m/s Safe to use at 50 m/s [1] 

Efficiency Up to 30-40% Up to 20-30% 

Required altitude 
As high as possible. Preferably 

over 15 m 
Above 2 m is acceptable [2] 

“Table about the main different between HAWT and VAWT” 

 

With this knowledge base10 it immediately became apparent that the VAWT would be the most 

practical solution for Vilanova i la Geltrú. By being able to deliver useful work with changing 

winds and the freedom to place it high or low as it fits into the environment, it is a much more 

flexible solution, which will make up for it’s slightly lower efficiency. Furthermore it will require a 

smaller investment cost and can be profitable faster. 

 

The VAWT can once again be divided into two major design groups: Savonius (aerodynamic 

push) and Darrieus (aerodynamic lift). Both designs have each unique strength and 

weaknesses, which is why it was chosen to combine both into a single hybrid for a more 

                                                
10 From http://www.urbangreenenergy.com/products/hoyi/specifications & http://vindogsol.dk/vawtfordele.html 
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optimal solution. It would benefit from the Savonius blades low self start speed and the 

Darrieus high efficiency. 

The power output of a VAWT depends of its size, which can variant from 50W to 5000W and of 

course on the wind conditions. For this purpose a standard 300 Watt VAWT is considered to 

be reasonable size. When supplied with an average wind speed of 4 m/s it can generate 60 

Watt/h or 525 kWh per year. 

The following graph is a power curve explaining the power output from the wind turbine as a 

function of the wind speed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
“Power curve from WS-Consulting 300W VAWT; image taken from http://www.wsconsulting.com/-

cariboost_files/WS_20VAWT_20Technical_20Data_20complete.pdf” 

 

Now follows a map explaining the annual average wind speed in Spain. Vilanova i la Geltrú ‘s 

locations is read to be 4 m/s in average, since it is on the coast. 
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“Mean wind speed in Spain; image taken from ‘Wind resources map of Spain at mesoscale’ report.” 

 

It must be noted that this is a very rough simplification for the energy generation, and more 

effort could be put into this part regarding the specific design of the VAWT. However, for now 

an off the shelves option is sufficient for illustrating the purpose of the urban node. Also, more 

effort should be put into estimating the lifecycle of the power generation. Both in terms of 

energy efficiency as well as in terms of profitability. 
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“Economics of wind systems; image taken from IRENA ‘Renewable energy technologies: Cost Analysis 

Series’” 

Solar cell 

The reasoning behind choosing the solar cells is the fact that most places in Spain have more 

than 2500 hours of sunlight per year and this makes it beyond reasonable to install solar cells. 

The sun's energy can be harnessed as either light or heat. The process of converting light 

(photons) to electricity (voltage) is called the photovoltaic (PV) effect. The industries of solar 

panel are rapidly evolving and constantly improving with new technologies and alternative 

materials. However the most common solution is silicon used a semiconductor, which leads to 

efficiencies around 20% (sunlight conversion rate). This means that a solar panel of 100 cm2 

will generate 2 Watt and 1 m2 will generate 200 Watt. 
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“Meteorological specifications of Vilanova i la Geltrú; from “Servei de Meteorologia de la Generalitat de 

Catalunya” 

 

This means that a 1m2 solar panel with the given efficiency would generate 0.806 kWh per day 

or almost 300 kWh per year. According to this, the chosen solution is: Sun Power™ E20 

Series* 

“Sun Power E20 Series solar panels set a new standard for solar, achieving record panel 

efficiencies of up to 20%. The panels in this series are the most powerful and reliable solar 

energy panels available on the market today, delivering the most electricity over the lifetime of 

your system.” 

 

For further studies a Spanish manufacturer or a product of equal quality could be found, or a 

solution from zytech, solosol or other could be chosen to promote the Spanish participation in 

the project. 

Piezoelectricity 

Crystals which build up a charge when applied to mechanical stress such as bending, 

compression or distortion are said to be piezoelectric. It is possible to harvest this 

piezoelectricity by having a transducer and a switch. 

The possibilities for this technology are however limited to small amounts of energy, and it 

would not be expected of it to be able to power anything but a LED. 

Energy input from user 

There are many ways to obtain and store energy inputs from users, but to make it feasible it 

can be boiled down to a few options that will now be listed. 

Kinetic energy input drives a turbine that generates electricity immediately. Biking, running, 

turning handles, for example. Potential energy input by user can displace water upwards to let 



 

34 
 

it run through a turbine when the power is needed. Elastic energy can store in a flexible rope or 

a spring. The user could tighten the rope or compress the spring to store the energy. 

The idea is to use the energy input through a gym. In practical terms, an average person on a 

bike or a runner produces around 50 to 150 W/hour when exercising at a moderate pace. If a 

person spends one hour per day running on the machine, he/she could generate 18.2 kilowatts 

of electricity and prevent 4,380 liters of CO2 released per year. Let's assume that the average 

piece of exercise equipment is in use 5 hours a day, 365 days a year. If each patron generates 

100 watts while using it, per year there would have something like 183 kilowatt-hours of 

electricity. This electricity could be converted to charge a phone, iPad or notebook, for 

example. 

Conclusion on energy research 

In terms of quantity of energy solar and wind are far superior and will be the renewables that 

will send energy back to the grid. The reason for having alternatives to this abundance of 

energy is to interact with people and engage them in their daily life and show them a way to 

have a sustainable behavior. When the users can try to feel just how much physical work it 

requires to generate a small amount of energy, a new appreciation for this energy will be 

achieved. 

 

 

Research conclusions 

Target group 

When designing a product it is important to focus on the (ergonomic) needs of the target 

group. Both the distinct and the latent needs have to be explicit. To determine these needs the 

target group has been divided into two sub groups; main users and rare users. Each sub group 

contains specific types of users with different needs. One single user can belong to one or both 

of these groups. 

  

The urban node should be designed for the public in Vilanova i la Geltrú therefore, based on 

the demographics, the main (normal) target groups will be adults (16-64), kids (0-16), retired 

people (65-85), couple with kids and tourists [from demographics]. In this way the most 
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important needs will be for filled. The design of the urban node also has to be adjusted for rare 

users, so everybody in the public space can use it, even though the rare and extreme needs 

not will be prioritized as high.  

  

Below is a list with some of the general needs each sub-group of the target group has. All the 

needs are for the public space. 

Main users 

Adults 

▪   A possibility to pass easy and quickly (if heading to a special pace, for example work)  

▪   A calm and nice place to walk/run (if just being in the public area). 

▪   Safety while being in the public space. (Saelens et al. 2003; Southworth, 2005) 

▪   Intuitive usage when interacting with the node 

▪   Reachable high on handles, screens, buttons etc. on the node 

▪   Not too much force needed to be able to operate the urban node 

▪   A place to socialize on 

▪   Hygiene (Toilets) in the public space 

 

Couples with kids 

▪   Enough space to use a stroller 

▪   Possibility to take care of the hygienic (change diapers etc.) 

▪   Calm environment to eat and breast feed 

▪   Shelter for extreme weather such as sun, rain, snow, wind. 

Kids 

▪   Instructions/communications without text (no ability to read) 

▪   Instructions/communications in a low height (short) 

▪   Playful and stimulating interaction possibilities 

▪   No/low risk of getting hurt or damaging the product 

▪   Education/learning included in the interaction 

▪   Safety 

Retired People 

▪   Intuitive Interfaces (low tech user) 
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▪   Text/signs in bigger sizes (low vision). 

▪   Instructive/communication sounds should be loud and clear (low hearing). 

▪   Guiding textures, buttons, switches etc. should be easy to feel (lack of (touch) sense). 

▪   Seats that are easy to rise from. 

▪   Resting places at regular intervals 

▪   Protection from tough weather conditions such as sun, rain, wind, snow. 

Tourists 

▪   International signs/instructions/communication 

▪   Information regarding the town, culture, language, exchange rates, public transport, 

weather, police, hospital etc. 

▪   Maps 

▪   Help with translation 

▪   Taking and sending pictures 

▪   Sending messages 

Rare and Extremely rare user  

Wheelchair users11 

▪   Signs at eye level 

▪   Gates which are easy to open and close, with catches which are easy to reach and operate 

▪   Space on car parks to transfer from their car to their chair 

▪   Accessible toilets 

▪   Handrails at appropriate heights with views unrestricted by handrails or walls 

▪   Surfaces which are firm, level and none slip, with a minimum cross-fall on paths, and even 

cambers 

▪   Spaces to sit next to companions at seats and accessible picnic tables 

▪   Space to pass other users 

▪   Space to turn corners 

▪   Minimum gradients on all paths with level space next to ramps or gates 

People with Walking Difficulties or Dexterity/Balance Problems* 

▪   Level even surfaces on paths 

▪   Steps with handrails and even treads and risers 
                                                
11 * Information from: IPROW Co. 
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▪   Seats that are easy to rise from 

▪   Minimum gaps in the path surface 

▪   Minimum gradients along and across paths 

▪   Easy to negotiate stiles and gates 

▪   Gates that are not heavy and catches that are easy to operate 

▪   Passing places on paths 

▪   Resting places at regular intervals 

Visually Impaired People* 

▪   Space to pass other path users 

▪   Clear edges to paths 

▪   Even and clearly marked steps 

▪   Warning of hazards at head height 

▪   Even path surfaces 

▪   Easy to use catches on gates. 

People with hearing impairment or learning disability* 

The needs of people with hearing impairment or learning disability are primarily about clear 

information provision and the welcome they receive from on-site staff, for example Rangers or 

Community Leisure Officers. 

Homeless people* 

▪   A safe place to rest/sleep 

▪   Hygiene possibilities 

▪   Access to a toilet  
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Survey 

 
The pilot project of the urban node is intended to be implemented in Vilanova i la Geltrú. 

Therefore it is important to gather feedback from local citizens and inquire about their needs. 

The best way to do this is through a survey, so IDPS and EPS worked together on developing 

the survey, which was applied to citizens at the streets, in Spanish.  

As Vilanova i la Geltrú's population is of around 67.000 inhabitants, 67 locals were asked, 

following the proportions listed on the demographics graph. The changes were that instead of 

15-64 years people, this group was divided into 3 smaller categories (15-30, 31-45 and 46-64) 

and the 65-84 and over 85 years were put together into one single category (over 65).  

This way there were 5 categories: Kids (0-14 years) containing 16% of the population, Young 

(15-30 years), Adults (31-45 years), and Middle Aged (46-64 years) containing around 68% of 

the interviewed and Elderly (+65 years) with the other 16%. Also 11 tourists were asked, what 

makes a total of almost 80, exactly 74 interviewed people. From now on the data will be 

explained with graphs, the numbers into brackets refer to the amount of people who fit in the 

category. The complete survey and its answers are in the appendix. 

 

 
“Age of survey's participants; image created from Google's Survey results” 

 

The proportion of men and women also followed approximately the demographics, with a 

division of 45% men and 55% women. Most of the people interviewed are living in Vilanova i la 

Geltrú for more than 5 years, they mainly work, study, are retired, doing tourism or visiting 

someone.  

 



 

39 
 

 
“Answers to survey's question 'Do you live in Vilanova i la Geltrú?'; image created from Google's Survey 

results” 

 

The survey also showed that most of the people who live in Vilanova i la Geltrú are from 

Vilanova i la Geltrú or other places in Catalunya. The people who are from other places were 

mainly here for tourism or a school exchange. 

 
“Answers to survey's question 'Where are you from?'; image created from Google's Survey results” 

 

Most of the interviewed only go to the beach during the summer but sometimes walk or 

exercise at the sea façade at the rest of the year. The most visited place of the city is the 

Rambla, where 53% of the interviewed people spend their free time or walk around. 

 

 
“Answers to survey's question 'Where do you spend your free time?'; image created from Google's 

Survey results” 
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When interviewed about what do they do on their free time, most of the people walk around or 

do exercises on the streets like walking/ running or riding a bike, so it means its a good idea to 

emphasize services that involve physical exercises. It was also seen that citizens like a lot to 

meet others and drink something on their free time, so services that involve social interactions 

should be welcome. 

           
“Answers to survey's question 'What do you do on your free time?'; image created from Google's Survey 

results” 

 

When asked about what the participants disliked in their city, problems related to cars are what 

bother them the most (traffic, noises and parking). So in this context a solution for 

transportation is really a need. 

 
“Answers to survey's question 'What bothers you in Vilanova i la Geltrú?'; image from Google's Survey 

results” 
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At the end of the survey, people were asked to choose from a list of suggested functions; the 

three that they would prefer the most to have in the urban environment. The most popular 

function is WIFI, the second most popular is the phone charger and third most popular 

functions with the same amount of votes are information of time and weather, parking facilities 

and interactive displays. 

 
“Answers to survey's question 'Which features would you like to have accessible on the streets of 

Vilanova i la Geltrú?’ image created from Google's Survey results” 

 

Conclusions of the Survey 

 

When looking at the results, it is important to remember that the participators will not in general 

know what their future needs are. For example, most people complain of private transportation 

problems and ask for parking facilities, but at the same time bike renting is not one of the most 

popular services they want to have on the streets and electric car chargers had almost no 

votes at all. It is interesting because as the future is moving towards sustainable vehicles this 

could be a very important function in some years, when electric vehicles will be more common 

than the fuel ones. It shows us that people normally just think about their actual scenarios in 

life and don't get their real needs: is it really more parking facilities what they need, or is it a 

more efficient transportation system, when you don't even need to worry about parking? 

Because if the case is a really smart city, parking would not be a problem at all. 
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Other things that could conclude are not explicit in the graphs, because as it was a closed 

survey, people would just answer the possibilities suggested. This model of survey was 

chosen to be faster applied, as people normally do not want to answer long surveys. But when 

analyzing the behavior of people during the interview other needs can be discovered. Tourists 

for example, lots of times did not know how to answer most of the questions because its 

something they do not think about, but it was noticed that most of them could not speak a word 

in Spanish, much less in Catalan. If Vilanova i la Geltrú has lots of tourists and lots of them are 

in this conditions, it is a need to have information in English, for example, but this is something 

that does not appear in the graphs.  

 

In general it is concluded that it is important to focus on a service that involves physical 

exercises, as it is something that most of citizens do in their free time. Also services involving 

social interaction would probably be welcome. 

 

Function analysis 

 
“To help achieve better solutions to problems sooner, different building blocks are needed. 

These must cut to the heart of the basic problem and keep penetrating thinking in the heart 

area. This is vital, or side issues, which are apparent, will draw attention from the main issue 

(Miles, 1972).” 

 

To be able to define the purpose of the urban node, all the needs and wants, called functions, 

will be listed in a Function Priority Matrix. The functions will be organized after the different 

parts in the research. Some functions will appear in two or more of these categories, which 

make these needs even more important.  

All the stated functions will be ranked, highlighted, by relevance for the project. The end 

product should fulfill most of the highlighted functions to the greatest extent in order  to be able 

or reach the goal for the project and be useful for Vilanova i la Geltrú. See appendix B for the 

function analysis matrix. 
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Summarizing of the needs 

To be able to get a quick overview of the most important functions in the function analysis, 

these are highlighted in the matrix and then summarized briefly below. To make it easy and 

intuitive for the reader to understand, the functions from the matrix are highlighted in italic font 

below. 

Needs from the requirements 

The requirements for the project are to construct a node that will fit Vilanova i la Geltrú and 

more specifically fit the sea-façade. The urban nodes have to own renewables in order to 

generate energy. The system of urban nodes will own sustainability since the energy 

consumption have to own a positive net outcome and it will consist of materials and 

components that are produced locally. 

The node will include modules so that the construction will allow standardization and therefore 

also own feasibility since it will be able to fit other cities as well. 

The node will use fiber-optics and include sensors to be able to own the state of the art and 

own intelligence. All these functions will help the node to promote the community. 

Needs from Neàpolis 

Neàpolis wants to implement technology and design to provide education and create jobs. 

Needs from Vilanova i la Geltrú and demographics 

Several needs were discovered when researching Vilanova i la Geltrú and the majority of 

these will appeal to cities of the same size all over the world, but particularly in Spain and 

Catalunya. The specific Vilanova i la Geltrú needs are to promote culture, enable local 

products and to develop industry since Vilanova i la Geltrú has a great value in local industry 

and traditions. The node also needs to allow languages to fit inhabitants and tourists, enable 

sport activities to attract people to spend time on the sea-façade and allow families which are a 

big part of the population. 

By focusing on these specific needs the urban node will aim on facilitate everyday-life for both 

citizens and tourists, develop work in the region and encourage education will enable work in 

the future. 

Needs from the survey 

The needs from the survey shows that the desired features from the node are to provide WIFI, 

charge phones, provide cleanness and to provide information. The survey showed that the 

node should minimize traffic and noise and focus on the need of facilitate public-transportation 
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and parking. It should also allow exercising by facilitate running and biking. To facilitate 

socializing is a prioritized and desired function as well. 

The survey shows that both that by include the sea-façade and the Rambla, which are popular 

places to spend free-time on, the node will reach a big part of the public. 

Needs from smart city  

For Vilanova i la Geltrú to become a smart city there are several needs that have to be fulfilled. 

The most important ones are to own safety to make the user secure, allow access to the node 

so everyone can use it and to add value for both the single user and the community. The 

system of nodes also has to own sustainability by providing energy through renewables and 

modify behavior in the society by stimulating actions that are generating or saving energy. 

To be able to reach these goals the node has to provide mobility, increase interaction, provide 

opportunities and provide information. 

Needs from the State of the art 

By researching the state of the art the node will be a modern device that allow technology and 

provide multifunction to attract different users and promote interaction. It will also own high-

tech so that it can save energy and own self-sufficiency. 

The urban node will be a developed urban-furniture that provide real-time-information and 

implement network to be able to access the public. It is very important to assure acceptance 

from the public to be able to promote community and maximize the value of the node. 

Needs from the light 

The light from the urban node could connect emotionally to the user by providing security, 

direction, playfulness, space and access. All these functions will provide value for the city. It 

has to illuminate sufficiently to minimize energy and therefore be environmental-friendly. 
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Initial concept generation 

 
The idea for the concepts is to consider three different scenarios in which the urban node 

system will be implemented.  

Urban node replaces existing solution 

The urban node of Vilanova i la Geltrú will replace the existing street lamps on the sea facade. 

This will save energy for the city since the urban node system will be more than self sufficient, 

and provide the grid in Vilanova i la Geltrú with the extra energy generated in the system. 

Every node will be modular but have some undisclosed basic functions and the modular 

functions can be added to these basic. In this way the urban nodes can be adapted for other 

parts of Vilanova i la Geltrú and also other cities. 

Urban node adds to existing solution 

In the second scenario urban nodes are added to existing street lamps, the concepts includes 

existing structures as part of the design, the existing bulbs will be replaced for LED lights, the 

urban node sensors and energy-management systems will fit, or add, into the existing 

structure as well as the basic and modular functions will be included in the existing structure. 

Modular functions will also be placed according to the existing design, proposing new 

harmonic shapes that adapts to the existing design.  

Urban node complements existing solution 

The urban node is placed next to the existing street furniture, it doesn’t modify the existing 

furniture just includes them as part of the system supplying renewable energy and new 

intelligent functions. Basic and modular functions are placed in the urban node, street lamps 

provides light and other street furniture like benches, trash bins and signs are complemented 

with new functions from the urban node; the shapes harmonize with the context but the design 

is independent from existing street furniture.  

Technical specifications 

The shape of the urban node should be modeled around boxes. 16 boxes of 12 x 8 x 4 cm. 

One box for Arduino12, one box for Raspberry pie13 and 14 boxes to be filled with sensors. 

                                                
12 Open-source electronic prototyping platform allowing to create interactive electronic objects. 
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“Graph explaining the energy flow of the urban node; created in Illustrator” 

 

The system is gaining renewable energy from it’s solar panels and wind turbine, which is led 

directly into a DC transformer, which alters the DC current to its correct voltage and ampere, 

before leading into the energy consuming parts of the urban node. This is represented through 
                                                                                                                                                      
13 Raspberry Pi a credit-card-sized single-board computer developed in the UK 
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the blue line and it is constantly taking place, so it can be considered to be the urban nodes 

equilibrium state. 

 

When the system is producing more energy than it spends, the excess energy is send directly 

from the renewable energy sources to the AC transformer, from where it is sold to the power 

grid. 

When the system is producing less energy from its own renewable energy sources that it 

spends on its services and function, AC power is purchased from the power grid, led into the 

DC transformer and further distributed into the urban node. 

The system of the urban node can be explained through its internal connections. 

 
“Graph explaining the internal connections of the urban node; created in Illustrator” 

 

The power of the system is as explained on the previous graphical representation. Here the 

system is merely further explained. The DC is powering the Arduino, Raspberry and the 

sensors in parallel. 

The sensors are transmitting an electrical (analog) impulse to the Arduino, which converts into 

a digital signal for the Raspberry to process into useful information. This is a serial connection 

going one way from the sensors, to Arduino and finally to raspberry. 

The next step is the raspberry sending the required amount of current to the required services, 

such as light, and the final information to the user interface.  
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The pilot project will be executed around the sea facade of Vilanova i la Geltrú, as shown on 

the picture below. 

`

 
“Urban node operational area, created from file of Vilanova i la Geltrú” 

 

As you can see in the graphic, of the situation of the different urban nodes, it was decided to 

put urban nodes in: 

 

• Seafront 

• Port 

• Rambla 

 

These sites have been chosen for the following reasons: 

From the research carried out regarding Vilanova i la Geltrú, it quickly becomes evident that 

the port has a significant value to Vilanova i la Geltrú, and this should be reflected in the 

placement of the urban nodes. 

Furthermore, the results of the survey were taken into account, as it was seen that most 

people used to spend their spare time activities in the Rambla, followed by the seafront. In 
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order to address these needs the operational area was increased to include both the port and 

the rambla. 

The choice of placing initially 14 urban nodes is mainly for practical and economical reasons. 

In order to evaluate the effectiveness and usefulness of the system, a pilot project must be 

conducted. The distance in between the nodes are small enough for the node to be visible at 

all time, while ensuring no redundant features will be installed, such as “double WIFI 

coverage”. 

 
Brainstorming 
 

 

Brainstorming was used as a technique to facilitate creativity and promote ideas for the 

conceptualization. The idea is to let people come with different ideas and inspire each other in 

the idea generation phase.  

The problem was presented and all ideas that come to mind were written in pieces of paper, 

without thinking about limitations or irrelevancy for the project, the formulations were brief and 

without explanation or argumentation.  

All pieces of paper were read out loud and presented, then divided the functions into three 

categories: Interaction, Information and Utilities. 

While listing them into categories, the first ideas were used as stimulus for new ones and taken 

further, some were combined leading to quite new ones. A full list can be seen in the “Concept 

description”. 
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Initial concept description 
 

From the brainstorm were listed some services and functions the urban node theoretically 

could provide. Below is a headline for each service and/or function including a brief description 

of the idea. 

 
Interaction 
 

 

User interface: A Multi Touch screen on the urban node would make it possible for the public 

to access internet. Multiple functions could easily be added through this service. For example 

reach and upload files (information), pictures and movies. This service will require 

programming and possibly unexpected maintenance. 

 

Public communication: Trade, sell, buy, talk, discuss, communicate, share, show, upload, 

download. All this should be possible to do on an urban node. Through the user interface 

(described earlier) citizens are given an intuitive workspace to communicate with each other in 

a new way. 

● Local hire of labor for small jobs (cutting grass, driving, painting etc.) can be made 

possible easily. This is really a tool for the community to help itself. 

● Discussions about local events, happenings, politics etc. 

● Upload your files and pictures to the node for everybody to see. Add text to each 

picture 

● Download others files and pictures 

● Poems 

● Tips & tricks (life hacks) 

● Lost & found 

● Accommodation (Hotels, hostel, private room, free accommodation like couch surfing) 

● Information about emergency services 

● Gives information about the nearest pharmacy, doctor or municipal office 

● Car sharing (similar to ‘mit gelegenheit’) 
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Walkie-talkie system: Radio communicates from one node to another. Playful and intuitive 

interaction. 

 

Beach light: Poles on the beach with strong light for making the beach safe a night time and 

also able to use it for parties and evening events. These lights should only be turned on upon 

request and/or donation. 

 

Outdoor cinema: A projector could be installed at certain nodes with a preferable position to 

show free outdoor movies at nighttime. The sound can be provided by the speakers already 

installed. A combination of a fixed and free schedule would mean that cultural or local films are 

being shown (or popular mainstream if this is desired) half the time and the public can choose 

their own movies the rest of the time. This would work by connecting your data device to the 

urban node, or by simply downloading the movie to the urban node. 

 

Optimistic messages: A sign or a bulletin board displaying an encouraging and uplifting 

message to brighten the mindset and the day of the people. 

 

Voice recognition: Speech to text feature will enable people to talk to the urban node. This will 

be similar to the iPhone app Siri. 

 

Light guidance system: A series of tiny LED lights are placed along the way of the urban 

nodes. These light can change color to let you know which direction to follow to get your 

desired destination. This will make getting around town easy and intuitive. One way could be to 

when “maps” are shown, there will be shortcuts to the most common attractions in the area. In 

this way with two clicks you know your destination. One click to open maps and one click to 

select the destination. Instead of LED lights, lasers can be used to form the shape of an arrow 

on the ground, which shows the ways. 

 

Book exchange: A public spot for people to donate books. 

 

Playground: Generating energy through the movements in the different object (swing, teeter 

etc.) on a playground. In this way the renewable energy will be playful and joyful, which 

hopefully leads to increased engagement from the community. [Design with intent, Ludic Lens] 
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Tunnels: Provide structures, tunnels and cavities in the lower part of the urban node to enable 

playing for children while walking or for pets to play in. 

 

Hopscotch: Generating energy by playing at a hopscotch would have the same playful 

attributes as the playground. To engage the users even more the square could light up when 

walked on, by using piezoelectricity.  

 

Game locker: Providing game tools like balls, rackets, Frisbees etc. in lockers on the beach so 

people can borrow them for a deposit. This feature would be attractive for both the citizens of 

Vilanova i la Geltrú and for the tourist visiting. 

 

Generate energy by balls: Using high-tech balls when playing football and basketball, the 

users could generate energy by hitting or bouncing the ball. The energy will be stored in the 

ball end when the game is over, transferred to the node. 

 

Daily public competition sign-up: To make people interact with each other the urban node 

could provide a public competition sign-up. So that the people in Vilanova i la Geltrú can sign 

up on a daily basis for football games etc. and in that way meet new people to play with. 

 

Outdoor gym: With an outdoor gym the sea façade of Vilanova i la Geltrú will be a great asset 

for the city. Free access to a gym will increase the public health, inspire people to start working 

out and provide a feeling that its possible to change your lifestyle and take control. 

 

Generating kinetic energy in the outdoor gym: The kinetic energy used while working out could 

easily be transformed to electric energy. By being able to monitor the energy generated while 

exercising the user will have real-time feedback on how much effort you have to put in to 

generate the energy that is so easily spent in our everyday life. It will also be a motivation to 

keep exercising even harder, to try to generate as much energy as possible. The user will also 

have the feeling of doing something good for the city and for a sustainable society. [Designing 

with intent, Interaction Lens] 

 

Pumping water by using the outdoor gym: By using the energy for the outdoor gym to pump up 

and filter water from the sea. The fresh water can be used for the flowerbeds, refilling water 
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bottles etc. This would also be a way of using real-time feedback and playfulness to change 

the users behavior. [Designing with intent, Interaction Lens and Ludic Lens]. 

 

PIEZO: By using Piezo the kinetic energy generated from walking and running. To give 

feedback to the public and to make the urban node emphasis the state of the art, the brick 

which generate energy could also light up when walk on. As mentioned before even this 

service would use real-time feedback and playfulness to change the users behavior. 

[Designing with intent, Interaction Lens and Ludic Lens]. 

 

Walking routes: By having urban nodes as a part of a walking route it will be easy to follow and 

in could provide information about the city. 

 

Alternative transport system: By having a public alternative transport system, such as a zip 

line, along the seaside would attract who want to take pictures of the beach or just have an 

unusual experience. 

 

Endowing people to use the trashcans: Making it funny to use the trashcans in the sea faced, 

in this way the public space will be continuously clean which will save time and effort for the 

cleaning company. By simply adding sounds or funny shapes, the garbage can will engages 

people’s emotions and therefore change their behavior. [Design with intent, cognitive lenses, 

Brunel University, designwithintent.co.uk]. 

 

QR codes: Scan QR code to get a map of with your current location marked. The QR code 

could be a simple sticker on the outside of the node or placed behind a protective transparent 

material. 

 

Information 
 

City Information: Inform the citizen of the local environment, routes and maps, whether, 

sightseeing, monuments, shops, timetables for public transport, cafes, travel planner. Further 

information such as opening hours, availability, price and reviews could also be made 

accessible. All this information should be delivered through the user interface. 
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Distance information: Put signs describing the distance of the beach such as ”0 M” , ”100 M”, 

”200 M” in big and very visible way on the promenade. Runners can challenge and time 

themselves. 

 

Training information: Signs with information about how to do the exercises at the outdoor gym. 

Improve current solution, www.urban-acces.org. This could also include even more exercise 

equipment installed at the beach. 

 

Urban node Server: Users can upload files to the ”urban node server” where they are 

accessible by the public, through the user interface both the smartphones and the touch 

screen on the node could connect and browse, edit, share and explore the content. 

 

Remote access to public data: All the data generated by the sensors of the urban node will be 

sent in real time to a server and is accessible from www.Vilanova.cat/urban. 

 

Weather information: Attach a sensor node to all urban elements allowing them to perceive: 

Humidity, temperature, pollution, noise pollution, light pollution, wind etc. 

 

Swimming Flags: The beach should have a system to inform about the safety of swimming. 

Normally flags are used, but the urban node could also include this function by a discrete color 

signature.  

 

Energy generation information: To encourage the public to “help” the urban node to generate 

more energy, a summary feedback can be given. In this way the users will feel that they new 

behavior is making a different and they are helping the society. [Designing with Intent, 

Interaction Lens]. 

 

Information in braille: Blind people can easily navigate the city with tactile maps at every urban 

node. 

 

 

 

 

 



 

55 
 

 
Services and functions 

Services 

WIFI transmitter: The WIFI transmitter should enable public use of WIFI anywhere within the 

operational area, furthermore the WIFI transmitters should allow for faster file sharing for users 

within the same operational area. It functions in a mesh network, which is still operational with 

one or more nodes missing from the system. This feature would give the public free access to 

any information like a “modern library” and it would help people connect with each other. The 

problem would only be the possibility of uncontrolled information (e.g. propaganda, porn, 

terrorism etc.). 

 

Bluetooth: Connect to the urban node via Bluetooth to upload, download or simply access the 

urban node. This would be most interesting for some sensor applications as Bluetooth has 

lower energy consumption in case the sensor should be installed with a battery. 

 

Lighting: This element could replace the use of current street lamps, by giving the illusion of a 

comfortable natural light. This light should be constantly changed to fit the lux level of the 

surroundings, so that is runs on the minimum required energy. Also it should be fitted with 

motion sensors, so it only operates, when there is an actual need for it to do so. Furthermore, 

the colors of light can be manipulated to match the surroundings and/or occasion. 

 

Algae lamps: Algae generate energy in form of heat through incubation, which in turn is used 

to power lighting. The algae are using CO2 to generate water.  This process helps each unit 

absorbing an estimated ton of emissions per year and at the same time this means the lamps 

represent a viable electricity-free lighting solution even for location. 

 

Emergency bottom: Direct line to the police station, fire station or hospital. This service will 

make the seaside more secure. 

 

Surveillance camera: The surveillance camera could work in different ways. The simplest 

being a preventive measure against crime such as vandalism. However, this can rapidly evolve 

into something much more complex. Imagine the surveillances camera were all connected into 

the same platform and could share data with your GPS. This would result in a massive amount 
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of statistical data that in turn would enable the GPS to redirect an alternative route around the 

bumper-to-bumper traffic.  

 

Camera: Take a self-shot and upload it to your social network. Alternatively, send it by mail. Or 

even pay a small amount and have it send home to you – anywhere! Text can easily be added. 

This will be a fun activity and it will increase attention to Vilanova i la Geltrú. 

Another option for this is to simply print out a Polaroid picture immediately for a slight fee. 

 

Speed trap: Working together with the surveillance camera, the speed trap sets of when a 

vehicle exceed the speed limit and this triggers the camera to take a picture of the license 

plate and send the correct ticket to the owner.  

 

Artificial photosynthesis: Mechanical device absorbing sunlight and CO2 to generate water. 

 

Smart grid: Enable the urban element to send any excess power produced back into the power 

grid. 

 

Heating element: Uses the residual heat from sewage, steam pipes or similar to give a frost 

free surface on the seating area. 

 

Monitoring: Monitor the energy production and consumption of urban node and sending this 

information to a data central to analyze efficiency. (This will help to know when it is worth to 

have the wind power turned on for instance). 

 

Rent a bike: Similar to Bicing14 in Barcelona and Barclays in London. Bikes are available for 

short interval of time for free for registered users. For longer use a small fee will be placed 

upon the client. 

 

Publicity: Programmable screens which are able to show messages, advertisement, 

emergency announcements. This could be a way to earn revenue for increasing the budget of 

the urban node. It could be done with LCD or LED screens or simply a projection onto a 

surface. This is a much more sustainable alternative to printed advertisements 

                                                
14 Bicing is the name of a bicycle sharing system in Barcelona inaugurated on March 22, 2007 
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Battery recharging: Recharge regular AAA batteries with your work. Give people an 

appreciation for the work it requires generating energy and making them behave more 

sustainable. 

 

Top-up phone: Get more credits on your phone on the go. Standard solution taken from the 

newspapers stands. 

 

Cleaning system: The urban node is installed with a high-pressure nozzle to spray a 

water/soap mixture on the streets. This will effectively render the need for manual labor to zero 

and save money while improving the quality of the cleaning process. 

 

Parking assistance: A small diode is emitting a green signal when the parking is free and a red 

signal when the parking is occupied. This is a standard solution in many parking houses 

already. 

 

Energy storage: Make use of all the energy produced. Sell, use or apply in a perpetual way 

(resistance i.e.). 

 

Generate energy from toilets: Taking care of and processing the waste from the public toilets is 

another way of generating energy. 

 

Sensors 

Light sensor (determine lux level):  This sensor is used for determining the brightness level and 

choosing when and how much to turn on the light. Statistical usage for collection of data - 

sunrise, sunset. 

 

Infrared sensor (detect movement): This sensor is used for determining the movement.  If no 

one is present, the sensor shuts of the lighting. Statistical usage, counting persons passing by. 

 

Ultrasonic sensor (measure distance): This sensor is used for determining the distance. This 

could be used for showing available parking places, or when the trashcan is full it calls to be 

emptied. Statistical usage, counting of persons passing by. 
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Color sensor (distinguish colors): Match the colors of the street to the colors of the sky. 

Statistical usage unknown. 

 

Heat sensor (determine temperature): Heat Sensor determines the temperature and gives 

precise local measurements. 

 

Humidity sensor (gauge humidity): Humidity sensor determines the humidity and gives precise 

local measurements. 

 

Anemometer (wind speed): Surfers can investigate good times to go to the beach. The VAWT 

can shut off when critical wind speeds occur. 

 

Air quality sensor (NH3, NOx, alcohol, benzene, smoke and CO2): The air quality can be 

monitored and steps can be taken to improve it constantly. 

 

Decibel sensor (determine noise level): Give the people a chance to see if their local 

environment is in accordance with national legislation. 

 

Odor sensor: The odor of trash cans can be monitored with odor sensors to get feedback. This 

is currently being done in @22 in Barcelona15. 

 

Magnetic sensor: Measure the passage of a car and release the data in real time. This could 

effectively show a map of the whole city and how fast the lanes on each road are moving. 

Functions 

Dustbin: Collects garbage and ensure a clean street. It should be a smart solution enabling 

easy and efficient handling. 

 

Ashtray: The ashtray will be separated from the dustbin to minimize the risk of a fire. It must 

invite users to interact with it and show obviously it is an ashtray. 

                                                
15 District @22 is the innovation district of Barcelona 
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Bag dispenser for dog poo: For the people walking their dog, a plastic bag will be made 

available at the node to pick up the dogs poop and a dustbin to throw it in. This will make the 

sea faces nicer and cleaner, even though the refilling of bags adds some extra maintenance.   

 

Shelter: Provides shelter for wind, rain or the sun. Could be adaptable to turn horizontally and 

vertically to protect against only the relevant direction. Wind would have a vertical shelter and 

for rain a horizontal one. This service will add an extra value to the public and emphasizes the 

concept of a smart city. 

 

Seats (e.g. Chair, bench): Seats allows the user to sit down and rest their tired legs. While 

doing this in small groups people tend to interact and communicate. 

 

Table space: For casual dining a table space could provide larger groups with the possibility of 

meeting and eating together outside (giving standard sizes of homes around 90m2, this is a 

need for larger places to gather). 

 

Green roof: Vegetation growing together with the urban node. Possibly on top of the shelter. 

 

Vertical gardens: A vertical garden would consumes CO2 and release water. It would be a 

pretty feature on the facade and it would convey a eco-friendly feeling. It would be possible for 

the public gardens with to have vegetables, which would add value to the users. 

 

Flowerbeds: Having flowerbeds in connection to the urban node would give it an eco-friendly 

approach and at the same time make the public space green and welcoming to spend time in. 

The flowerbeds can be at the base of the node or be vertical gardens. 

 

Vending machines: Vending machines with water, chips, condoms and other stuff people need 

at the beach, but forgot.  

 

Public games: A set of lockers is placed on the beach, each containing a volleyball or another 

game. When 5€ or 10€ is inserted, the locker opens up and you can play. When you finish put 

the ball back in the locker, close it and receive your deposit back. All games will be fitted with a 

RFID chip to verify. Cost of product should be lower than deposit. 
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Lockers: Lockers used for storage of personal items when swimming. 

 

Bike parking: Solid metal bars to lock your bike to. 

 

Electric vehicle charge point: It charges your vehicle while you hang out at the beach. 

Convenience. 

 

Speakers: Speakers could be placed upon a node, or even separately placed on the beach 

itself. The purposes for this could be many such as announcements, festivals, concerts or you 

could even plug in a jack-stick and play your own music. 

 

Poles with spring band: To be used for parades or similar. A band can be pulled from one 

urban node to the next and thereby creating a barrier for people to stand behind. 

 

Acoustic damper: Reduces noise pollution slightly. 

 

SmartPhone charger: This is to allow users to recharge their phone in the public space for free. 

Possibly by mini usb, but preferably by wireless technology (as Nokia Lumia wireless 

charging). 

 

First aid kit: Defibrillator, bandage, morfin and other relevant equipment for saving lives. 

 

Water posts: By having water posts on the street, the runners, walker, skateboarders etc. will 

not be dehydrated and feel welcome to exercise on the sea facade. 

 

Parasols with solar cells: Having solar panels on the top of the parasols at the beach, would 

make the cheaper to rent and generate a big amount of extra energy to the city. 
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Cost-benefit analysis 

 
 

After the selection above it was required to analyze, how the different services could work to 

help the urban node system become economically feasible. All the cases below follow the 

same logic of have assumed a price per service/time, a certain usage time per year and a 

given lifespan. All these are multiplied together and will give a rough estimation of the total 

potential revenue. 

 

Projectors: Use projectors for advertisements and get a constant stream of money. However, 

for the user to get involved it is possible to “rent” time on the projector for seeing a movie. This 

way, when the primary income is stopped, it is only to be replaced by a secondary income. 

A 300 € projector can be guaranteed to live 2 years. If rented to advertisement for 1€ an hour 

and for the public 5€ an hour it could generate (1€ * 10h * 365 days* 2 years + 5€ * 2h * 365 

days * 2 years) 8760€, which is astonishingly 30 times more than the original investment cost. 

 

Speakers: Allow users to connect to speakers and play their music for a small fee. For the 

sake of the example, imagine the speakers to be rented for 2 € an hour through a two year 

lifespan it could generate (2€ *4h * 365 days * 2 years) almost 3000 €. Speakers can be 

purchased for less than a 100 € and this once again gives a 30 times return. 

 

Camera: A simple HD camera (GoPro, 249 €) can be mounted to take a picture of the user and 

his/her friends. Several ways to use the camera for profit exist. For instance it could 

immediately print out the picture as a Polaroid, alternatively it can send the picture with a 

connected text to be printed as a real postcard and send to a given address, or it could simply 

send it as e-mail! The prices would of course depend on the given solution. An approximation 

can be seen below: 

 

0 € for emailing the picture (advertisement in right lower corner). 35 per day, 0.05 cent income 

1 € for emailing the picture. 10 per day 

3 € for a polaroid. 5 per day. 50 % goes to expenses  

5 € for a postcard with text. 2 per day. 67 % goes to expenses 
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(35*0.05+10*1+3*5*0.2+5*2*0.67*365*2) = 4906.7 €, this is a return rate of approximately 25 

fold. 

 

Beach lighting: The lighting system can be set up to be accessed through Bluetooth, WIFI or 

another wireless connection. A series of LED will be connected and able to manipulate, similar 

to lifx (http://lifx.co/) through an app administrated by ajuntament de Vilanova i la Geltrú. When 

the beach light is available, a connection can be established after payment and the lights can 

be controlled both in terms of color and intensity, perhaps even direction. A price suggestion 

could be 5 € per hour for full control of the beach lighting. Performing the same procedure as 

previous, this gives us an investment cost of 69 € per light bulb and each system consisting of 

approximately 4-8 bulbs it gives a total investment cost of around 500 €. Assuming three hours 

of usage daily at a price of 4 € an hour it will give a total revenue of (4*3*365*2) 8760 €. Almost 

20 times return. 

 

Smartphone charger: Provides the services of recharging a standard battery through standard 

mini-usb for android and an adapted version for Apple products. This service would be able to 

charge the users phone with approximately 1% of battery per minute. With this efficiency, there 

are two interesting application. One application is to recharge your phone slightly in order to 

make a single phone call, send a text or check the internet, whereas the second would be to 

leave your phone in a protected box for a full charging of the battery. Each urban node could 

easily have several connections for charging battery made available, this will increase both 

revenue and possibilities for social interaction. The cost of this solution is literally the price of 

the electricity and the cables, which is negligible. 1 € per ten minutes charging could be the 

asked price. Assuming a daily usage of 6 hours, this could generate (1 € * 6 h * 365 days * 2 

years) 4380 €. 

 

WIFI: The usage of WIFI could be limited either in allowed bandwidth or maximum speed. 

Currently, the adjuntment of Vilanova i la Geltrú is not allowed to compete with private 

companies in delivering internet access. By offering to sell the service instead, this hurdle is 

overcome instantaneously. Standard WIFI prices are around 2 € per hour. Assuming 1% of the 

population uses the WIFI for a half an hour a day, it would mean that it would generate 

244.550 € in a two year life span. This is more than factor 2000 in return rate. 
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Cost-benefit summary 

 

The combination of generating massive amounts of data for creating and implementing 

smarter solutions, empowering citizens with services and offering unique features to the public, 

such as free WIFI and a community portal, must be financed somehow. The suggestions 

above, clearly demonstrate the ability for the urban node to be financially sustainable. In 

general the cost benefit are through the roof with these solutions, and it should be considered 

to make some of the features free or charge a lesser amount.  

 

In general every piece of equipment is expected to live out its guaranteed lifespan, which for 

most simple and retail electronics are two years. It is possible to complete an entire study only 

on choosing or even creating more optimal components, and working on extending their 

lifespan, however in this study only off the shelves products are considered. Maintenance are 

executed by simple replacement procedures, which can be performed by any kind of labor 

force. 
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Final concept generation 
 

Sketching and proposals 
 

 

In the process of finding the final concept, a lot of sketches were created to illustrate the ideas 

at hand. The guidelines used were based on making the concept fit all the selected functions 

and renewables, as well as the project brief, which includes sustainability, feasibility, durability 

and fitting into Vilanova i la Geltrú's environment and needs.

 
“Initial process of sketching” 

 

The biggest challenge was to put all of the functions together in the same element and still 

make it look like a unit and not a junction of parts. 

At the end, there were three major styles: the organic, the straight lines and the Catalan 

inspired. Based on this, each of these categories will be explained with the following sketches. 
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Organic shapes 

Considering that it’s a Mediterranean city, an organic shape was considered. In this group of 

sketches the inspiration comes from the nature, like the trees, the sea and the flowers. At this 

sketches, the idea is to include the turbine inside the design as something like the top of the 

tree, a part of a flower, etc. Also, the solar panels are planned as leaves that catch sun energy. 

 

 
“Organic sketches inspired with trees, flowers or sea” 
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Shapes with straight lines 

As the node is an innovative proposal, straight lines and a clean, simple design was also 

considered, as it fits very good the idea of a smart city. This is due to the fact that the node 

includes lots of technologic solutions, which fits very good with straight lines. 

In these sketches the wind turbine and solar panel are also fitting in the design. Some colors 

are used, as a colorful design can give evidence, drawing the user to notice the colorful parts 

the most.  

Also this design is more neutral and can fit almost every environment. 

 

 
“Futuristic sketches of the urban node” 

 

 

In this futuristic design a shape that can be accessible for 

wheelchair users was also considered, with an inclined 

touch screen. 

 

 

 
“Futuristic shape with accessible design” 
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Catalan inspiration 

Catalonia was the home of some important artists like: Gaudí, Dalí, Picasso, Miró. They all 

have a very peculiar style and one of the shape's trials was to be inspired by such artists, as 

can be seen below an inspiration on Miró. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
“Sculpture by Miró: Dona i l’ocell “ 
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Developed concepts 

From all the sketches tree concepts were chosen and developed further, to fit all the 

requirements from the design guidelines. These concepts will be described separately below. 

Concept A 

  

“Sketches of the concept A” 

 

This urban node concept focus on inviting the citizens to interact, both with each other and with 

the node itself. The “roof” and the “floor” will give the feeling of providing a protective room. 

The light from the “roof” will emphasize this feeling even more. 

This shape will distinguish the smart urban node from regular streetlamps by making the users 

curios and attracting them to interact with the urban node. The two broad flat sides will fit a 

multi touch screen (or advertisement if there is not a need for touchscreens).  There is a big 

advantage in having a touchscreen since more people will be able to use it at the same time. 

The vertical wind turbine will be placed a little bit underneath the angle in a hole that allows the 

wind to pass in an efficient way. The reason for placing the turbine in a hole, and not on top of 

the node, is for making it belong to the construction and not only placed there because it has to 

be included. The shape will be one unit instead of several elements just put together.  
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On the top of the roof there will be a quite big solar cell. The angle of the roof will be 

maximizing the energy generation from the cell. In this way there will be no problem generating 

enough energy to supply the screens, projector and speaker. 

For the color of the node, the main structure should have a discreet color to not interfere too 

much with the surroundings, with light colors for example white or light gray. In a contrast to 

the light node, the wind turbine should have a bright color to attract attention (which would 

emphasize the eco-friendliness of the node), so that the turbine will be like a flower or a 

diamond on the top. 

The light from the urban node should be warm and welcoming. There should also be some led-

light on the blades of the turbine which will make the turbine glow in the dark when the wind 

spins it around. 

 

Concept B 

The second concept focuses on interactivity and space 

for advertising around it. It was meant to work on an 

inclusive scenario along with already existing street 

furniture from Vilanova i la Geltrú. 

The concept has three sides, with a triangular base, and 

each one has different features. This shape allows it to 

have more interactive space letting people approach 

from different sides. 

One side will fit the multi touch screen while the second 

one can fit advertisement or display artwork from local 

artists; the third face of the urban node will contain the 

electronics allowing direct access improving the 

maintenance. 
        “Sketch of the concept B” 

 

The urban node does not work as a street lamp but it will bring renewable energy to the 

existing ones placed around it. It will include a wind turbine placed almost at the top allowing a 

good flow of air. The solar panel will be placed on top of the wind turbine continuing with the 

triangular shape of the structure but the angle of it will change depending on the place where 

the urban node is located, this will improve the energy generation of the solar panels allowing 
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them to generate enough energy to be self sufficient and share the rest with existing street 

furniture. The color of it would be neutral and discrete so it fits into different landscapes of 

Vilanova i la Geltrú. 

Concept C 

 

 
”Sketches of the concept C” 

 

On this concept the solar panel is placed on top, and it turns around according to the sun 

position, like a sunflower. The structure is modular, the features can be added depending on 

the needs of the place where is going to be located. 

The section is round so it doesn’t have critic points and comes out straight. The color of this 

urban node concept depends on the material, but also allows that different street artists 

decorate the nodes with a lot of colors creating street art. 

Concept C considers different features like a multi touch screen placed as an optional module. 

The concept is inspired by nature (sea, flowers and trees) and futuristic trends for street 

furniture. 
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According to the different points to be accomplished: 

  

● Organic 

● Futuristic 

● Modular 

● With solar panels 

● With wind turbine 

 

”More sketches about the concept C” 
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Modifying concepts 

 

When the time came to select a concept to present to Neàpolis the team decided to integrate 

the concepts into one. The main structure was taken from concept A, with the bended shape. 

But to make the node look slimmer half of the node will be in a transparent material. And to get 

it too get some of the organic shapes from concept C but keeping an angle roof for solar 

panels as Concept B. 

The new concept has a standard version, which only includes a concrete structure, the 

renewables and lighting. The second version, with features previously described, has the same 

concrete structure but completes a teardrop shape with a glass panel. The boxes for 

electronics will be placed on the concrete structure allowing an easy access for maintenance. 

 

 
“ First 3D model with the concept A” 

 

The concept was presented to Neàpolis and after discussing, it was decided that it should be a 

little modified. The argumentation was that Catalonia has an organic style tradition, so it should 

be taken as inspiration and the concept should be redesigned into more organic shapes. 

With the redesign, the concept became slimmer and more organic; the base shape became 

elliptical but the concept of complementary shapes remained the same. 
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“ Image of the final 3D concept” 

 

Final concept description 
 

In the concept generation phase, three distinct scenarios were generated in which the urban 

node system could be implemented. In a quick brief, they were: 

  

ADAPT Urban node adds to existing solutions: Urban nodes are added to existing street 

lamps, the concepts includes existing structures as part of the design. 

  

BUILD Urban node replaces existing solutions: The urban node of Vilanova i la Geltrú will 

replace the existing street lamps on the sea facade. 

  

COEXIST Urban node complements existing solutions: The urban node is placed next to the 

existing street furniture, it does not modify the existing furniture just includes them as part of 

the system supplying renewable energy and new intelligent functions. 
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After considering and analyzing all the possibilities delivered through the concepts, the build 

concept was excluded. The reasoning for doing this were mainly financial and ecological, since 

it would be very expensive to implement all new street furniture and would discard the existing 

furniture, which is currently working without problems. 

  

With the two remaining possibilities, the final concept scenario was decided to be a mix of the 

two. The major idea will be coexist, where nodes will be installed close to the existing furniture, 

but the idea of adapting will also be used when needed to complement the node system. 

  

In this scenario, modular functions are placed in the urban node, street lamps provides light 

and other street furniture like benches, trash bins and signs could be complemented with new 

functions from the urban node; the shapes harmonize with the context but the design is 

independent from the existing street furniture. 

The idea of the node is not to be a regular street lamp, the lighting of the node will basically 

light the environment around it, inviting people to come closer and interact. 

But in one case, on the port street, the node will be installed as a streetlamp. This pilot project 

will be a tryout to see how it works with self-efficient street lamps in Vilanova i la Geltrú. 
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Final shape 
 

 

The shape of the urban node will be strongly influenced by the fact, that it is a modular design, 

meaning it will have a ‘standard version’ with basic features and a multifunctional version, 

which includes more advanced features and functions. The standard urban node includes an 

organic concrete case with solar panels on top of the lighting, inviting the users to interact with 

it, a wind turbine which will be placed underneath the lighting, this placement still allows the 

wind to pass efficiently without compromising the organic shape of the urban node.   

The multi-functional urban node will integrate a glass panel to the previous described structure, 

on which the touchscreen will be placed. Both will give the urban node an elliptical shape 

making it look slimmer and organic, which fits into Vilanova i la Geltrú’s landscape. The boxes 

for electrical components will be placed on the standard structure, with an easy access door 

for an efficient maintenance.  

 

 
“Image of the standard (left) and multifunctional version (right)” 
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User interface 
 

 

The interface is designed to fit and take advantage of the urban node’s multi touch screen. The 

screen is perceived to be borderless with no pre existing structure to follow. The urban node 

needs an intuitive communication system to facilitate for the users. It is essential for the users 

to be able to manage and understand in the easiest way possible the information collected by 

the sensors. Because the screen will be multi touch screen, it is allowing many users to 

interact with it at the same time. This will physically make people come closer to each other, 

instead of building on to the wait in line culture. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

”Images of the touch screen with different users at the same time” 
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At first nothing is shown on the screen. The main menu will appear when a user double click 

the screen and fade away again after a period of time not used. The main menu consists of 

four categories, each with its own unique content.  The topics in the categories are described 

below. 

 
 “Image of the initial state of the touch screen” 

Cultural: Events, cultural heritage information, teach Catalan, games, entertainment, location 

of public art.  

 

Getting around the city + City information: Travel planner (show embodied energy of trip), 

maps (w. location of shops, directions, opening hours), call firefighters, medics, report issue, 

learn first aid, energy generation and show recent legislation from municipal. 

 

People: Contact ads, jobs, share ideas, share art, training information, vehicle sharing, couch 

surfing, take a picture, recommendation, parking app. 

 

News: Read the news, twitter updates from the city, debate and blog. 
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“Image of the topics in the categories” 

  
A category can be selected, all the content available will be shown and a single application can 

be selected and started. The interface will also allow users to open different contents and 

compare them by just dragging the applications around the screen; the graphics will be simple 

ensuring an easy and intuitive use. With a simple X in the top right corner users can close any 

unwanted window again. 
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“Image of Vilanova i la Geltrú category” 

 

Most applications will have a small QR code embedded, so other people can scan it and 

receive the exact same application and content on their phones. An obvious example is a 

newspaper article, which the user maybe does not have time to read, so they take it with them 

on their smartphone and read it later. 

The user interface will be programmed with the help of the local Vilanova i la Geltrú and 

Barcelona Android-programming group. A competition can be arranged and the winner will get 

their app installed on the urban nodes. 
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Summary of urban node's functions 
 

 
To easily show the complexity of the urban node, it can be expressed as the total amount of 

different combinations possible. For example when it has 20 modules, they can be combined 

in 2.432.902.000.000.000.000 (20!) uniquely different ways, which will give the sensation of 

completely modularity of free choice. All functions will now be explained further down in the 

document. 

Energy generation 

The extraction of wind and solar energy exists in every node, where it is adequate, so that the 

whole system can be energy positive, meaning that it generates more energy than it spends. 

The outdoor gym and the piezo are only present in some nodes; the purpose of these 

alternatives ways of renewable energy is to engage the user to interact with the node and each 

other while becoming increasingly aware of the value of energy. 

  

Wind 

The savonius vertical axis wind turbine model was found to be the most efficient option 

available based upon several factors, such as: 

• Low wind speed start up 

• Ability to handle turbulent wind 

• No generator required for start up 

• Lower tip speed 

• Lower noise 

• Aesthetic (no flickering of sun due to solid design) 
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“Image of the vertical axis wind turbine (left) and the mono-crystalline (right)” 

 

Solar 

The solar energy technology will be the mono-crystalline, which is giving a remarkable 

photovoltaic efficiency of 20%. Another great advantage is that there is a selection of Spanish 

manufacturers with the manufacturing capabilities to produce mono-crystalline cells locally. 

Piezo 

The piezo electricity will be installed on the floor and connected to small LED’s, so that the 

LED’s will be powered when the user walks on it. The light will be used for playful applications 

such as a trail of your steps, light intensity dependent of the forced applied or creating a water 

drop effect for every step. The idea of the piezo is to lure the user into the urban node. 

Outdoor gym 

Several training devices are installed with a generator to absorb the energy input given by the 

user. Feedback can be given on both: energy created through the workout and lost due to the 

workout. This should motivate people to train more and appreciate the value of the energy 

created by their hard work. 

Functions 

WIFI 

Internet is being transmitted from the fiber optics through the urban node router to WIFI for the 

public to access it for free. This will be done through the name of Neàpolis as a company with 

a simple subscription and is paid by accepting a newsletter to your mail account. Users who 
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abuse the system will be blocked from their subscription. Thus the problem of government 

competition is solved and control is given to the operator, in this case Neàpolis. 

User interface 

The interface, which characteristics were explained above, will be the link between the data 

compiled by the urban node and the users; it is gone to manage the communication systems 

and information shared and showed on the urban node.  

Near Field Contact (NFC) 

Every urban node will come equipped with a NFC chip, which delivers local information about 

location and transportation. This is especially useful close to public transportation. 

QR code 

Every urban node will come equipped with an external placed QR code (not on the user 

interface), which delivers local information about location and transportation. This is also useful 

close to public transportation, in the same way as the NFC chip. Essentially, it will perform the 

same job, but is accessible by older smartphones. 

AUX-connection 

The AUX- connections works with the speakers by giving user access through a simple and 

commonly accessible solution. Let the urban node talk to you if you’re blind or simply want the 

news read out loud. Play your own music and share it with your friends or people nearby. 

Projector 

The projector will deliver a visual element to the urban node. A PC can connect to the projector 

through the WIFI, so that presentations or videos can be shown. 

The projector can also be accessed through the user interface, where interactive application 

can benefit from the projector. Football is a widely known and interesting application, which 

might be the first installed. 

Speakers 

The speakers will work with the interface, the projector and the AUX connection. It will also 

play some music or news during the day and assist on events and festivals happening in the 

city. 

Advertisements 

The urban node will use advertisements to finance itself. They will not be in a standard 

physical way, generating no waste.  So in the node all advertising will be digital, in the user 
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interface. For example, when an user is searching for shops, the shop who paid the most will 

be displayed first and with more information, such as pictures. Also when you send a mail 

through the node, advertisement can be included on it. 

Power outlet 

Provides a standard 220V charging option for laptops and other appliances. 

Camera 

Some nodes will have a camera included for the users to take pictures in the city environment. 

The placement of the camera will ensure a beautiful, interesting or cultural background. This 

picture can be sent in different manners: 

● Through e-mail for free, with advertisement included; 

● Through e-mail for a cheap price without advertisement; 

● Through regular mail, as a postcard to anywhere around the world, by paying a certain 

price (according to the destination). 

SmartPhone charger 

Will exist in two versions, the first will be mini USB outlets for temporary charging while 

spending time at the urban node, the second version will be associated with the gym, so as the 

user exercises and produces energy, the phone will charge. This function aims to increase 

awareness of energy waste. 

Public art 

A designated area on the urban node will be decorated by local artists from time to time, 

through a small competition. 

Illumination 

The urban node will not provide streetlight, but rather a local light for the nighttime users to 

illuminate the close vicinity of the node. 

Also some LED will be mounted perpendicular to the glass from the concrete side, shining into 

the glass itself. This was chosen for aesthetic reasons. 
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“Image of the urban node during night time, with the LED lighting up the glass” 

Sensors 

The urban node has an array of sensors, which are compatible with the system. These include, 

but are not limited to. 

 

Infrared: Motion sensor, used to turn off light when not needed 

LUX intensity: Control light need and work together with a dimmer to save energy 

Temperature: Give information 

Humidity: Give information 

Ultrasonic: Detect parked cars, shows available parking spots. 

Air quality: Give information 

Decibel sensor: Give information 

  

As these sensors generate an output, this output can be translated into useful values and 

made accessible by the public. For future needs other sensors can be incorporated in the 

urban node, as there is space to add up to a total of 16 sensors. 



 

85 
 

Included external parts 

Urban node APP 

Basically, it allows the users (companies, private persons or government) to put information on 

a local map and search for it using layers. Other features will include accessing the user 

interface and saving documents found from there. 

Control center 

Monitor the health of the system and determine when replacement is required or simple 

maintenance needed to be done.  

Urban node server 

The server will be a local storage and access point for the residents to share their data and 

information. The location of the urban node server will be held safe in Neàpolis, so it cannot be 

tampered with in attempt to access sensitive data. 

It will work closely together with the multi-touch screen and put all the information  

Online. The information acquired through the sensors will also be published. 
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Internal structure 
  

 
“Image of different sketches of the urban node’s interior”  

 

The structural part of the urban node, which will be molded concrete, will have an internal 

structure specifically designed to meet the requirements from the EPS team. Therefore the 

internal structure will have a detailed shape, fitting electronics and also facilitating installation, 

ventilation and maintenance. 

 

The structural material will be molded as a solid body, with holes for 

● Modular boxes 

● Grid-tie inverter for solar panel 

● Grid-tie inverter for wind turbine 

● Wind turbine 

● Solar panel 

● LED-light 

● Cables 

● Airflow 

● Installation (to ground) 

● Installation (of rack system) 
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Below there will be short explanations of each part of the internal structure. 

 

Boxes: The EPS team has chosen a modular system of 16 boxes to contain all the sensors the 

urban node holds inside. By placing the hole for these boxes on a height of 80mm the 

installation and maintenance will be both easy and ergonomically. Each box will have different 

colors; by using a consequent color code the maintenance will be intuitive and fast. 

 

“Image of the boxes (colorful) and the GTIs (gray) inside the urban node” 

 

Grid tie inverters (GTIs): Below the boxes there will be a bigger cavity for the two grid tie 

inverters. These will not need maintenance as often as the boxes which makes the 

ergonomically requirements lower, and therefore the lower placement will be acceptable. 

There will also be two different lids for the GTIs and the boxes so that you will not have to open 

the entire cavity when only one of the spaces needs to be checked. 

There is a tunnel leading from this cavity to the ground, which will hold the cables connecting 

the GTIs to the grid. 

 

Wind turbine: The wind turbine will have a tunnel connected from the cavity with the boxes. 

This tunnel will lead the cables for the electricity generated. 

 

Solar panel and LED-light: The solar panel and the LED-light will share the same cavity in the 

top of the structure. In this way, the solar panel will work as a lid. So during installation and 

maintenance the solar cell will be lift off. The LED-light will have a pattern of holes and each 
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hole will have a LED-spot in it. These spot will only stay on place due to gravity, which will 

minimize the time required during maintenance. Also here there will be a tunnel connecting the 

solar panel and the LED-lights to the boxes. 

 

Cables: All the cables between the electronic parts and the grid will be lead in tunnels. These 

tunnels will be plastic tubes molded into the structure. 

Airflow: To cool down all the electronic parts in the urban node, and make sure that the thermal 

sensor gives the correct data, there will be two main airflows in the structure. One from the 

bottom leading the air through the GTIs and the boxes and then up and out through the tunnel. 

The other one will give a airflow cooling down the solar panel and the LED-lights on top. 

Both airflows are designed to not let, either water or dust, into the system. The lower airflow 

will have two ports with holes; these holes have an angle to prevent particles to pass. The 

upper airflow has its intakes underneath the lamp, which also prevents particles to pass. 

 

Installation to ground:  To provide a secure and easy installation to the ground there will be 

iron-rods (connected to an iron disk) molded into the button of the structure. The disk will have 

predrilled holes so that when installing the node it is only required to screw on the nut to the 

bolt fasten in the ground. 

The iron disk will have an organic shaped cover, which just will be pulled down in an easy way 

after screwing the node to the ground. 

 

 
“Image of the how the urban node will be installed to the ground” 
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Installation of racks: The 16 boxes will have a plastic rack-system, according to the EPS 

report. The rack will be fastened by bolts which will be pre-molded into the concrete. When 

installing only screw on the nuts. 

 
“Image of internal structure, with arrows for the aorflows” 
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Materials 
 

As seen on the CAD model, the urban node consists of three types of materials: 

 

● Structural: The structural support is given by a four meter high irregular shaped 

structure with a elliptical base of approximately 250mm x 500mm and height of 

5000mm 

● Transparent: This material is attached to the structural support, consisting on a wall of 

approximately 50mm thickness. 

● Transition: Shiny material makes the transition in between the previously materials. 

 

The general objectives for all the materials are:  

·      Minimize price 

·      Minimize embodied energy 

·      Minimize CO2 footprint 

·      Minimize density 

·      Eco friendly 

·      Recyclability 

·      Down cycle 

·      Local manufacture 

·      Local processing 

·      Conduct heat from electronics 

·      Protect from salty and humid environment 

  

The main function of the urban node is to give access to a sustainable alternative of street 

lighting and innovate usage of ICT. The constraints are not being a metal cage, being non-

toxic, with excellent durability in marine environment and minimum melting point 100 degrees 

Celsius. The variables of it are aesthetics and shape. 

To select the most appropriate materials that would fit the projects intentions a design 

methodology was applied. It consists of: 

 

• Converting abstract concept into simple requirements using: Function, constraints, 

objective and free variables 

• Eliminating materials that fail to fulfill the constraints 
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• Ranking the remaining materials upon their ability to fulfill the objectives 

• Researching further information on chosen material 

 

The structural material 

This should be load carrying (static load and moment) and able to connect to the transition 

material and the transparent. Besides, as it should shelter electronics, it also must allow good 

airflow/ventilation. 

 

 

 

The structural objectives 

·      Increase compressive strength 

·      Reduce density 

·      Increase bulk modulus 

The structural constraints 

·      Fracture toughness > 0.2 MPa. 

·      Excellent durability in marine environment 

·      Opaque 

The structural variables 

·      One piece or assembly 

  
The constraints were applied in the CES: EduPack, which is a good tool to select materials, 

because as long as you put the limits it omits all the material candidates that don't fulfill the 

specific needs. After the result of the constraints, other limits were used: Melting point 

minimum 100, recyclable, CO2 footprint maximum 15kg/kg. 

From here a graph was generated in order to help select the very best candidate. 
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“Image x: Graph of structural material selection” 

 

The graph above shows all the materials that follows the criteria’s. But as this material should 

shelter electronics and allow sensors to work, all of the metals (green and red balls) were 

eliminated. 

Concerning the remaining options, concrete is the one that delivers the most value for money 

in regards to sufficient bulk modulus. The reason why bulk modulus is interesting, dues to the 

fact that most of the load will be carried in a static and uniform distributed fashion.  

Considering all of this, concrete was selected as the structural material and its characteristics 

will be explained in detail further ahead. 

The transparent material 

This material completes the shape together with the structural material and has to be 

transparent to strengthen the perception of a slim profile. 

 

The transparent material objectives 

·      Increase transparency 

·      Increase fracture toughness 

 

The transparent material constraints 
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·      Non-scratchable 

·      Vickers hardness of minimum 0.5 HV 

·      Fatigue strength 30 cycles 

·      Optical quality 

 

The transparent material variables 

·      Solid or hollow 

 

 

 

 

 

 

 

  
Applying all the constraints, the following graph was generated: 

 
“ Image x: Graph of transparent material initial selection” 
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In order to continue after the initial screening, recyclability and price became a limit and 

fracture toughness was analyzed comparing to the density of the materials. The seven 

potential candidates were analyzed in how they perform according to their price tag and fatigue 

capabilities. Fatigue strength was chosen to showcase the materials ability to cope with 

repeated stress loads, as may be expected from users leaning on the transparent wall. 

Changes in temperature may cause further stresses inside the material, and should be 

considered. 

 

 

 

 

 

 

 

 

 

 

Through this, three materials were remaining: 

 
 “Image x: Graph of transparent material advanced selection” 
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With these three candidates being soda lime glass, polycarbonate and acrylic, a second 

evaluation was made. First the limits were tightening by adding a maximum price and a 

minimum hardness and secondly the objectives fracture toughness and density was plotted. 

This second analysis is investigating the materials ability to be impact resistant in a lightweight 

manner.  

Through this, polycarbonate was selected as the most appropriate transparent material. Its 

characteristics will be explained in detail further ahead. 

 

The transition material 

This material exists to connect the previous material, improving the finishing look of the node. 

So it should be eye catching and smooth. 
 

The transition objectives 

·      Increase shine 

·      Increase smoothness 

·      Ease connection of structural and transparent material 

The transition constraints 

·      Corrosion 

 

The transition variables 

·      Surface treatment 

·      Coating 

 

To select the best material for this role, limits applied were recyclability, opaque as an optical 

property, excellent durability in fresh and salt water, non flammable, non toxic and able to 

down cycle. The results can be seen in the following graph. 
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“ Image x: Graph of transition material selection” 

 

Analyzing the graph, one see that the material that has better price compared to its tensile 

strength/density its the stainless steel, so it was the material selected and will be explained in 

detail further ahead. 

Selected materials 

Concrete 

Concrete is a complex composite, consisting of a cement matrix and an aggregate. The 

aggregate increases the stiffness and strength of the concrete, while lowering the cost, since 

an aggregate mixture of sand and gravel is very inexpensive. Aggregate can make up 60-80% 

of the volume, leaving the final product to be easily affordable. Concrete have different 

properties all depending of the mixture between the cement matrix and the aggregate.  

Concrete is the most used material in the world, and yet there is an estimated world reserve of 

1.500.000.000.000 tones, so it is a plentiful resource. 

 

Pro Con 

Non toxic Brittle 

High compression strength Needs reinforcement to sustain the shape 
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Do not block antenna  

Recyclable  

Plentiful resource  

Low price  

Non flammable  

Durable in marine environment  

Local manufacturers  

 
“Table x: Pros and cons of concrete” 

Conclusion 

It quickly becomes evident that concrete has a lot of attractive features for being used as a 

structural material. It performs well both in a sustainable perspective and in an economical 

perspective, both suiting the intentions of the urban node very well. 

 

The cons are that concrete almost can not sustain any tension on its own or hold alone the 

desired shape. This can be combated with different kinds of reinforcement. The traditional way 

is to be reinforced with a steel structure, but as the metals would interfere on the sensors, 

possibilities are to reinforce it with either steel fibers, glass fiber or even plastic fiber to carry 

tensile loads.  

Polycarbonate 

Polycarbonate (PC) is a thermoplastic that has better mechanical properties than other 

cheaper polymers. It has unique characteristics of optical transparency and great toughness 

and rigidity. It is possible to enhance the properties of PC even further, by co-polymerizing the 

molecule with other monomers to improve the flame retardancy, refractive index and 

resistance to softening. 
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Pro Con 

Non toxic Scratchable 

Very good optical properties High price 

Great impact resistance Sensitive to abrasive cleaners, alkaline 

cleaning products and solvents. 

Recyclable  

Self extinguishing  

Durable in marine environment  

Local manufacturers  

Lightweight  

Ability to be cold formed in thinner gauges  

Good dimensional stability  

Easy to process  

UV resistant  

 
“Table x: Pros and cons of PC” 

 

The con of being scratchable can be easily solved with coating. Also its easier to make 

different shapes with polycarbonate, as it is transformed into the required shape by melting it 

and forcing it under pressure into a mould or die. The two main processes are extrusion and 

injection molding. 

Another huge advantage on choosing PC is that Spain is a major producer of polycarbonate: 

about 20% of total European production is Spanish, generating about  

500 million Euros of value added and over 38,000 jobs in Spain are related to the production 

and consumption of polycarbonate. Furthermore huge part of this industry is located on 

Catalonia. 
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Conclusion 

Polycarbonate is so resistant that can be even used in the fabrication of safety guarding, and 

applied on places where high traffic and vandalism are prevalent, because it is basically 

vandal-proof.  It is: Tough, easy to handle, easily fabricated and formed and easy to machine 

into parts or panels; while it would also be local produced, generating jobs in Spain. For all of 

this reasons chose PC is a better option than glass. 

Stainless steel 

Stainless steels are alloys of iron with minimum 10.5% of chromium and a combination of 

nickel, molybdenum, titanium and/or copper. By adding these other materials to the iron, 

properties such as resistance against corrosion, ductility and higher service temperature starts 

to appear. Although it is called stainless, a more appropriate term for it is “highly stain 

resistant”, as corrosion still can occur, but it is less likely too. The amount of chromium  is 

sufficient to form a passive film of  chromium oxide, which prevents further surface corrosion 

and blocks corrosion from spreading into the metal’s internal structure. 

 

Pro Con 

Strong High embodied energy 

Treatable surface (shiny) High price 

Tough  

Easy to maintain  

Non flammable  

Durable in marine environment  

Local manufacturers  

Lightweight  

 

“ Table x: Pros and cons of stainless” 
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The ductility of the stainless steel makes it great for creating advanced and curved shapes. 

Furthermore, local manufacturers can supply both raw materials and process capabilities. The 

aesthetics of stainless steel is suiting well with the design proposal, since a fine polished 

surface will be good at reflecting light and catching the attention of the eye. Moreover, the 

material is relatively cheap in comparison to its strength and durability. 

 

Eco audit 
The Eco audit was also made on the software CES Edupack. It works when you include the 

data of your product like materials, manufacture, transport, use and disposal. Based on this 

data, the software generates a report showing which parts of the process have the biggest 

energy and CO2 footprint, as can be seen on next image. For detailed information, the 

complete report is in the appendix. 

 
“Image of the Eco Audit Report” 
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It can be seen that the biggest energy consumption and CO2 footprint index would be in the 

using stage, considering that it would transform electric energy input into LED radiation 300W, 

365 days/year, 8h/day. But the fact is this data is considering that the energy used is regular 

grid energy. 

As already explained, the urban node would not consume grid energy; it will generate its own 

energy through renewables. So the given usage data can be disconsidered, because the node 

will be energy positive. 

Considering this, the major energy consumption and CO2 footprint of the urban node will be 

focused on the material, but this will be all recycled after life cycle, as can be seen on the EoL 

(end of life) potential. So, when this data is put together with the materials, the impact is almost 

neutralized, what makes the impact of the urban node be minimal. 

  

 
“Image X: Urban node's eco audit data” 
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Area analysis 
 

A simple methodology was applied to understand where the urban nodes would generate most 

desired impact. First the city of Vilanova i la Geltrú was divided up into six main areas of 

interest. The areas are covering the rambla, the beach promenade and the port, which 

together are considered to be the most visited areas in Vilanova i la Geltrú. The train station 

and the surrounding area would also be interesting to look further into, but due to the scope of 

the project it was chosen not to. 

When walking through the areas, a strict path was followed and everything of interest in line of 

sight was noted down. The shaded area is representing the expected coverage area and the 

black line is the path taken. 

 
 

“Map of the different areas” 

 



 

103 
 

Below follows a short description of each area and some pictures to help visualize it better. 

Table 1 shows the wide array of different street lighting displayed, to help visualize the 

diversity of Vilanova i la Geltrú. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“Table of different types of street lamps found on the areas 1 to 6 of Vilanova i la Geltrú” 
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Area 1 

The start of the Rambla Principal at the church going all the way to the first two lane road 

intersecting through Vilanova i la Geltrú (Rambla del Garraf - Calle de l'Havana). 

 

Attractions: Theater, Church, Market Square, Vila Square 

Services: Shops, restaurants, bars, parking, tourist information. 

Environment: The broad avenue of rambla Principal is flourishing with trees and life. It is a 

hectic place of constant movement, but at the same time it always allows you to stop up and 

take a break at one of the many public benches or one of the small intimate cafes. This is also 

one of the main commercial areas of the city, with lots of shops available. 

Vandalism: Vandalism has little presence at the rambla in this area, but lots of graffiti were 

found on the streets nearby. 

Lights discovered: I, J, L, M, N, U, V, W, X, Y, Z, Ø 

 
“Photo taken by the IDPS team of the Area 1” 
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Area 2 

Is the area between the first two lane road intersecting through Vilanova i la Geltrú  (Rambla 

del Garraf - Calle de l' Havana) and the train line. 

 

Attractions: Cinema, House Can Pahissa 

Services: Shops, restaurants, maps, Red Cross, resting house (for elderly). 

Environment: The rambla continues in its very broad an open fashion, but the feel is slowly 

moving towards being more classical. It is spherical street light are dominating this particular 

stretch of the rambla and brings forth associations toward old British imperialist street light. 

Vandalism: Vandalism also has little presence in this area, as it seems to be controlled. 

Lights discovered: A, B, I, J, X, Ø 

 
“Photo taken by IDPS team of the Area 2” 
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Area 3 

Is the end of the Rambla, from the train line to the beginning of the port and sea façade.  

 

Attractions: Public squares, Monument to Francesc Macià 

Services: Shops, restaurants, speed control, parking. 

Environment: The rambla continues in its very broad an open fashion, but the feel is changing 

from classical towards being more modern. Actually, as soon as the train line is crossed, the 

sensation is completely different. A huge open area build with very squared and hard lines in 

concrete and glass is mixing up the natural and the artificial. 

Vandalism: Little vandalism were detected in this area, mainly graffiti and posters. 

Lights discovered: A. B, C, D, E, I, J, K, L 

 
“Photo taken by IDPS team of the Area 3” 
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“Photo taken by IDPS team of the Area 3” 

Area 4 

Is the area from the Monument to Francesc Macià to the left, going through the sea façade 

until the beach. 

 

Attractions: Cafe, beach, hiking, biking, training 

Services: Restaurants (cheap), cafe, speed trap, bus stops 

Environment: The architectural feel of the area is very mixed. At first it is going from a very 

modern feel from the rambla, towards a more local feel around the lighthouse. 

The parking spots are taking up more space than the road, and this has a clear impact on how 

the area is perceived. The whole area is placed between the port and the train station. 

However, since most of the area is covered behind the port with little or no sea view, not so 

attractive and cheaper establishments have started their business here.  

This is reflected in the municipals interest in investing in consistent street furniture and the 

whole area seems to be lacking of care. 

Vandalism: The most vandalism were detected in this area, specifically it was posters, graffiti 

and garbage on the floor.  

Lights discovered: F,G, H, I, K, M, O, P, Q,R, S, T, Æ 
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“Photo taken by IDPS team of the Area 4” 

 

 

“Photo taken by IDPS team: Different use for street lamp on Area 4” 
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Area 5 

Is the area from the Monument to Francesc Macià to the right, going through the sea façade 

until the end of the road/Pasiphae bull statue. 

 

Attractions: Pasiphae sculpture, Train station for kids, beach, port, bar, running, training. 

Services: Shops, restaurants (medium priced), bus stops, playgrounds. 

Environment: The general feel of the surrounding area is very clean and modern. Simple 

shapes and ideas are repeatedly used in the street furniture. The two general themes seem to 

be the sea and the minimalistic style. 

Broad streets with palms on both sides leads past the local cuisines in an open way that invites 

the people to stay in the area, by supplying seating in a fashionable manner and having a 

favorable location. 

The brown and rusty look of the street lamps are trying to give the sensation of corrosion and 

the sea, while maintaining in a simple timeless arch shape that supplies the modern look. The 

benches are brown and have a wave-like curvature. 

 

 
“Photo taken by IDPS team of the Area 5” 
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“Photo taken by IDPS team of the Area 5” 

 

 

The scale of having quite low buildings at four storages combined with the relative distance to 

the water, gives the sensation of an enormous outdoor area. 

Vandalism: No vandalism was detected in this area. 

Lights discovered: D, E, L, O, P  

Area 6 

Is the area around the port. The industrial part with cargo, the fishing and the marina for 

recreation and private yachts. 

 

Attractions: Bars, boats, water sports 

Services: Harbor, football, showers, toilets 

Environment: The environment around the harbors is strongly influenced by the fact, that it is 

the third biggest port in Catalunya. The industrial feel comes mainly from the docking facilities 

far away where cargo is constantly being loaded and unloaded. 

Vandalism: No vandalism was detected in this area. 

Lights discovered: F, P, Q, S, T 
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“Photo taken by IDPS team of the Area 6” 
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Results 
 

 

 

The results of this approach are documented in table 2, where a full list of street furniture is 

devised according to the areas.  

 
“Table 2 - Street Furniture found on the corresponding Area” 

 

From this field of study, the node's functions were verified and confirmed. 

 

Advertisement: Vilanova i la Geltrú has less advertisements than expected, so it's really 

interesting to include advertisement in the urban node. 

 

Bike stands: there are enough places, but taking into account that some bikes were seen held 

to other kinds of street furniture, as can be seen on image 6, maybe this number should be 

bigger or the stands replaced. 

 

Seats: there are already a lot distributed in all areas, so there is no need for more seats. 

 

Trash cans and recycle system: the city is well prepared, there are trash cans almost 

everywhere and the recycling is also efficient. 
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Maps: the city has so few of all kinds of them. So there's a clear need to more maps 

information, which the node proposes to fulfill through the server and also QR codes. 

 

Phones: very few were found around town, what shows that this is almost an obsolete service, 

since today almost everyone has a cellphone. 

Parking: there are lots of parking places distributed around the areas, but still people complain 

about the lack of them. In fact, the problem is not few parking’s, but few organizations. The 

parking app proposed by the node system could easily solve this. 

 

Playgrounds: most were found around the beach; in general the city is well served with them. 

But also it shows a need of the city to entertainment for kids mainly, which the node will include 

inside of its touchscreen. 
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Location of nodes 
 

 

Based upon the analysis of Vilanova i la Geltrú, decisions were taken to place and determine 

the content of the urban nodes in each of this areas. The general city map with the nodes 

locations can be seen below and following there will be an explanation of the reasons for this 

choices. 

 

”Map of he general city map with the nodes locations” 
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U1, U2 and U3 (Area 1) 

The nodes position has been selected due to their strategic locations in some of the most 

visited areas of Vilanova i la Geltrú, taking into account different user groups and the local 

habits. With these three locations, an urban node will always be nearby the people, at every 

time of the day. 

For instance the market place is usually visited very early, while the Vila square is occupied 

relatively late. The church is expected to generate peaks of usage around the time of mass. 

Also all of them are expected to auxiliate on public street festivals. 

 

 
“Image of the urban node at the market place” 
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U4 and U5  (Area 2) 

In this area the nodes positions was chosen according to the streets, since they are one on 

each side of the crossing rambla principal - Rambla Exposició, which means two of the most 

important streets of the city. 

These two locations are intended to control the traffic in this area and at the same time assist 

the large amount of people that cross there everyday, by connecting them digitally to the city 

and the public transportation around them. 

U6 and U7 (Area 3) 

In this area, node U6 is positioned at the public square, this was chosen because its a 

structured area that would fit perfectly the node. With lots of free space around, it is an open 

and imaginative area, which allows playfulness and creativity. It would enable the installation of 

some peculiar modules, such as PIEZO and projector, so the idea is to create a cultural 

atmosphere, with movies projected and other open-air activities. 

The urban node U7, it is placed close to the Monument to Francesc Macià, since this is the 

"entrance" to the beach area, port and sea façade. So, it is an area with lots of people passing, 

including tourists, and that absolutely needs city information and assistance to people. Here 

people could use the urban node to choose which restaurant to try by browsing through their 

menu digitally and compare two different menus, for example. 

U8 (Area 4) 

Its the area that includes the left side of the sea façade, an area that has public transport, so 

the node would be positioned close to the bus stops to assist the public. Also lots of job 

announces were found on this region, so there's a clear need for the server function. A node 

will also help monitoring traffic and parking on the beach area. 

U9 (Area 5) 

Its the right side of the sea façade, so there's also public transport and the node will help 

monitoring the traffic and parking on the area. But in this case, the node won't be close to the 

bus stop, but close to Torre Blava - a tourist attraction - and to the restaurants. This area is 

where people hang around the most, as can be seen through the huge amount of seats 

available there, so the node would abrange all of this population.  
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Also this node is near an open green area close to the beach, where there already are 

playgrounds and people exercising. So, it constitutes the best area to install the outdoor gym, 

since its already an exercising/hanging around point with view to the beach. 

U10 x8 (Area 6) 

That is the area around the port, strongly influenced by its industrial aspects. Efficiency is a 

key word here. This is the reason why the urban node here won't have special features, only 

the standard with its renewables, tested as almost a regular street light.  

The system of nodes were chosen to be installed at the street that goes from Passeig Carme 

(sea façade) until the Grand Marina, passing the Nàutic Club and some bars and ROCROI 

Nàutic Activities. Also there’s a tourist information point in the beginning of the street, so the 

corridor of nodes here would be like a “postcard” to show that Vilanova i la Geltrú is investing 

in clean energy and innovative solutions towards becoming a smarter city. 

Also this is a key region regarding sun and wind intensity, so this corridor of nodes will 

generate the biggest amount of energy to make the system extremely energy positive. 

 

“Image of the several urban nodes in area 6” 
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Specific node features 
 

 

After explaining the location choices, here comes a table that shows each node and its 

following renewables, functions and sensors.  

The corridor of nodes is described as only U10 since in these the nodes will all have exactly 

the same structure. 

 
“Table of the renewables, functions and sensors of every urban node” 
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The locations of the functions fiber access and WIFI repeater is due to the distribution of optic 

fiber in Vilanova i la Geltrú, as can be seen on the following map, where the yellow line 

indicates optic fiber. 

 

 
“Map of optic fiber distribution in Vilanova i la Geltrú. Neàpolis, 2013.” 
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Human factors 
 
Ergonomics 
 

Anthropometric 

The anthropometric dimensions applied on the urban node's design are essentially of two 

types:  structural and functional. The structural dimensions also named statics are the 

dimensions of the head, trunk and extremities in standard positions. The functional 

dimensions, named sometimes dynamics, include measures in work position or while doing 

some activities. 

 

Ergonomics: the Touch Screen. 

At the time of making anthropometric study for the interactive screen, the postures on the one 

hand the user standing and on the other hand the user sitting has been studied. In addition, 

the seated user dimensions are compatible (in this case) with the wheelchair user. 

It began by the measurements in the standing position. The picture below shows an outline of 

both sexes of tall and short height. In the first case the shorter person does not access well to 

the screen because the furniture is in front. In our design there are initially no tables that may 

hinder access the user. In this way she/he may be at a distance of 45.7 cm as shown in the 

second image. 

 

The maximum height at which the screen should be is 182.9 cm. 
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“Picture of both sexes with the percentile 95 and 5 in a stand position, interactive with a touch screen. 

(All the numbers are expressed in cm).” 

 

In the next picture the height of the eye of men and women with percentile of 95 and 5 is 

shown. 

 
“Picture of both sexes with the percentile 95 and 5 in a stand position, the different heights of the eyes. 

(All the numbers are expressed in cm).” 
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Now the same situation is seen, but with a seated user (or as mentioned before with a 

wheelchair user). 

 

In this case the maximum height at which a touch screen can be is 133,4 cm. It is also 

interesting to know that the maximum size of touch a wheelchair user can reach is 121,9 cm. 

 

 
“Picture of Both sexes with the percentile 95 and 5 in a seated position, the different heights of the eyes. 

(All the numbers are expressed in cm).” 

 

Based on this information, two options are incompatibles with each other so in this case there 

are two options. 

 

Design a regular touch screen: This is the most correct option but at the same time is the most 

expensive, specifically in our design the worst thing of this solution is that if the touch screen is 

the mechanism could be damaged could be misused by vandalism. 

  

Design a bigger touch screen: This solution includes a big touch-screen that basically 

integrates the two options in one. As the touch screen has the multi touch operative system of 

the touchscreen can adapt the information of the height that you need (it will be detected when 

the user touches the screen in a determinate height). In the next picture (expressed in cm) one 
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can see the combination of this two options, so the touch screen starts at 87,7 cm and finish at 

182,9 cm. As a result, the touch screen has a height approximate of 92,2 cm. 

 
“Picture of the design of a longer touch screen that permits the access to more users.( All the numbers 

are expressed in cm).” 
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Maintenance 

The measures considered in this case are very clear. 

 
“Picture!of!the!design!of!a!comfortable!and!accessible!area” 

 

So according to this graphic the maximum comfort height starts at 64,8cm and finish at 

149,9cm.  The finally size of course also depends on the space that the system of the urban 

node needs.  The profundity that it should have in a maximum is 66,0 cm but it’s not a problem 

because the radium of the urban node does 50,0 cm. 
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Accessibility 
 

 

The urban node plans to be an inclusive service for all citizens of Vilanova i la Geltrú. Through 

accessibility extreme users can also gain access to the urban node’s features such as 

communication system sharing, consulting and receiving real time information. 

  

For this project the Càtedra d'Accessibilitat at UPC was consulted as experts on accessibility 

and inclusive systems; their observations were focused on the use of a good interactivity as 

the main link with extreme users. From these recommendations, the following specifications 

were defined:  

 

The interface has to be easy to use for both general and extreme users; a good solution in 

both cases is to use graphics (e.g. pictograms) instead of words. These graphics should be 

intuitive, simple and clear, furthermore the interpretation of contents must be quick and 

efficient.  

For longer or specific contents the use of special apps was recommended, these special apps 

can be synchronized with the urban node through special devices that people with disabilities 

more often have like smartphones or bracelets. The possibility of adding these features is 

helping to make the urban node future proof. 

  

The urban node will establish certain order on the exterior design that simplifies the experience 

for extreme users, which according to the CATAC have a strong necessity for order and 

repetition of placements on daily interactions with street furniture in general. 

  

The concept proposal on accessibility is a simple and easy-to-use exterior design. Interactive 

design proposal should be done for the next stage of the project, developed by a group of 

interactive designers and app developers to be analyzed by the CATAC at UPC.  

 

One part where accessibility is truly evident is the user interface, which is lowered to a 

position, which allows both a wheelchair user and a person standing to use it simultaneously. 

see the ergonomics part of the report for more information. 
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Vandalism 
 

Vandalism information about the city 

According to a document made by the city council of Vilanova i la Geltrú, which talk about the 

vandalism at public road during the year 2011. 

These different acts of vandalism was detected: 

 

Painted graffiti: 

● In ordinary 740 incidents 

● From an attacking 20 incidents 

  

The city council calculate the expenditure to resolve incidents and says that if each service is 

performed by using the mechanisms cleaning painting, cleaning or solvent cleaning projection 

particle follows a cost of € 115.33 (IVA included), the cost made during the year amounted to:  

760 Notices X 115.33€ = 87,650.80€ 

  

Waste burned: In 2011, 118 containers were found burned fruit of vandalism in Vilanova i la 

Geltrú, as they relate fraction: 

  

● Rejection: 14 units at 957,96 €/u (including IVA) =                13.411,44 € 

● Organic: 8 units at 892,08 €/u (including IVA) =                       7.136,64 € 

● Paper: 48 units at 1.001,16 €/u (including IVA)) =         48.055,68 € 

● Plastic: 20 units at 1.001,16 €/u (including IVA)) =                  0.023,20 € 

● Glass: € 928.80 28 units at 928,80 €/u (including IVA)) =       26.006,40 € 

  

So it supposed a cost of: 13.411,44 € + 7.136,64 € + 48.055,68 € + 20.023,20 € + 26.006,40 € 

= 114.633,36 € 

  

In total, cleaning and collection suffered in 2011 a financial cost of vandalism about: 

87.650,80 € + 114.633,36 € = 202.284,16 € 
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Solutions for the vandalism in the urban-node 

  

For the problem of the graffitis in the urban node was decided that the body of the urban node 

was painting by street artists, they can be also artists from Vilanova i la Geltrú and considering 

that if this is done the vandalism with graffitis in the urban node decrees a lot because people 

that do graffiti use to respect the graffiti of the others. 

  

Also needs to be considered that the paint that the street artist use it has to be easy to clean, 

in the case that some vandalism get dirty the urban node, furthermore this paint has to resist 

water and all the type of drinks that somebody can stain (both wanting or not wanting). 

  

As seen in the text before it’s a typical vandalism action burn things, is for that reason that the 

chosen materials are impossible to be burned, of course at the same time it has to be a 

material the most resistant possible, to withstand bumps, shocks even kicks. 

  

Another important thing to consider about the vandalism is the touch screen, it has to be of  a 

resistant transparent material that: 

  

● Can not be easy to grated 

● Can not be easy to break or weeding 

● It has to be cheaper 

● It has to be resistant to the acid factors (for the salty wind) 

● It has to be thermal transmitter for be interactive 

  

Finally, a factor that have to be studied is the door lock, this has to be more secure than a 

normal street lamp lock because the inside of the urban-node is more expensive, so we have 

to put a different door lock than the standards because they are very easy to open with an 

standard key. 
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Illumination plan 
 

The ambition of street lighting for Vilanova i la Geltrú can be divided into five main categories. 

Together these five categories make for a design brief and the goals of the lighting. 

  

Design brief 
 

Technical 

The light must be technical well working, in aspects such as color rendering, lifetime, luminous 

efficiency and at the same time it must seek to minimize light pollution and its own impact on 

the environment. 

Function 

The light must be part of creating a safe and secure environment, which feels accessible to 

everybody in Vilanova i la Geltrú at all times.  

City life 

Light must set the stage for the city space and city life. As the city is largely being used at night 

due to the Mediterranean rhythm of life. The light must give experiences by adding quality and 

a pleasant atmosphere for the citizens to thrive in. 

Time limited projects will help the city to achieve a vibrant and evolving atmosphere, which can 

relate to the season, local events and the development of the city. Stories about Vilanova i la 

Geltrú historical and cultural sites can be told and drawn attention to. 

Recreational areas such as parks and playground must be given special attention, so that they 

are made available for the public also at night. Interactive lighting can also help to stimulate 

play and movement. 

Identity 

Light must enhance the unique identity of the city. This is achieved by hiding undesirable 

features, like waste disposal, and promoting other, such as cultural heritage. The fast transition 

from day to night can be prolonged and enjoyed anew. 

In vibrant and hectic places a larger amount of noisy light is supporting the ambient 

atmosphere of activity and in other places the darkness must be preserved to enjoy the night 

sky and experience the city authentically at night. 
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Aesthetics 

Light must create an aesthetic and pleasurable experience in the city, by setting an 

architectural light setting, which creates a bridge between functional street lighting and 

beautiful effect lighting. 

The functional lighting is defined as the street light to ensure safe passage for the citizens in 

the streets, on the roads and in the parks. This lighting is only intended for the lighting up the 

ground. The effect lighting is the illumination of a single tree, monument or the creation of a 

mood in association with an event. In open city spaces the lighting will always be perceived to 

be a mixture of the two different kinds of lighting. 

Finally, the armatures used to mount the lighting must be suitable for the area in which in 

resides. 

  
Vilanova i la Geltrú illumination 
 

 

The illumination will be a very mixed solution, due to the current compilation of street lighting 

technologies. In the considered area of Vilanova i la Geltrú, there are at the moment several 

different options in use. A number of these technologies were detected in use through field 

studies and others were included  in the study in order to achieve a broader and more 

comprehensive analysis. 

  

• Incandescent                                      

• Fluorescent light                              

• Metal halide                                    

• Mercury                                            

• Halogen                                          

• Compact fluorescent light              

• High pressure sodium                 

• LED                                                  

  

A screening is performed to eliminated non-viable options and leave the potential candidates 

left. 
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Translate 
 

 

In order to start the selection process, the requirements are translated into objectives, 

constraints and free variables. This stage is required in order to quantify abstract ideas and 

desires into  useful selection criteria. 

 

Objectives: 

● Increase lifetime 

● Reduce energy cost 

● Increase luminous efficiency 

 

Constraints: 

● Color rendering index  > 50 

● Zero toxicity (emission of toxic material in production and usage) 

● Ability to dim (Control brightness from 0-100%) 

● Legislation (Future proof) 

● Light pollution   

  

Free variables: 

● Light fixture 

● Color temperature 

 

 

With the translation of the requirements complete, it is possible to move on to the next stage of 

the process, which is screening. 
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Screen 
 

 

In this stage all non viable options are deselected. The current situation is problematic as 

incandescent lighting already should have been out phased in 2012, halogen will be out 

phased from 2016, mercury vapor in both mercury and metal halide option present serious 

problems towards the sustainable and non toxic intention of the project and fluorescent suffers 

from poor ability to dim. 

 

Therefore, these next options will immediately be replaced when encountered, these are the 

non-viable options: 

● Incandescent 

● Halogen 

● Fluorescent 

● Metal halide 

● Mercury vapor  

 

 Rank 
 

 

The remaining potential candidates are:  

● Compact fluorescent lighting 

● High pressure sodium 

● LED 

 

Compact fluorescent lighting: The CFL has much better properties for dimming than standard 

fluorescent lighting and makes it suitable to adapt into the system. 

  

High pressure sodium: Although high pressure sodium, metal halide and mercury vapor lamps 

share similar characteristic, due to the fact that they are all in the category of high intensity 

discharge lighting,  the efficiency of the of the high pressure sodium makes it worth to consider 

further. 

  
LED: Although LED technology has been around since at least the early sixties, it has been 

constantly evolving at rapid phase, which is why it is now the most viable option on the market 
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for satisfying luminous efficiency and estimated lifetime. Although not the best, its color 

rendering index is acceptable and is expected to surpass other technologies soon, based upon 

an induction and experience based point of view. 

  
 

 
“Graphic X: Efficiency, lifetime and CRI for light technologies” 

 

Finally, compared to its alternatives the LED option is the overall most well functioning option 

in regards to color rendering index, luminous efficiency and estimated lifetime and this is 

chosen for further investigation. 

Further investigation 

White LEDs are currently able to achieve a luminous efficiency of 150 lm/W in public use, and 

230 lm/W in testing conditions. However, it must be noted that these high efficiencies are for 

LEDs with cold white light. When the light becomes warmer, the efficiencies decrease. To give 

an example, Philips states a luminous efficiency of 140 lm/W at 4.000 K and 20% less for 

LEDs at 3.000 K from their tests. Besides the high efficiencies of LEDs, there are a lot of other 

advantages when choosing this lighting technology: 



 

133 
 

 

• Lifespan of up to 100.000 hours  

• Good color rendering index 

• Full range of color temperature by color mixing 

• Light can be specifically directed 

• No ultraviolet or infrared radiation 

• Use DC current, which is an advantage in this project, since PV and wind turbines 

produce DC current.  

• Possible to dim 

 

A general disadvantage of the LEDs is that they are very expensive compared to high pressure 

sodium and compact fluorescent, however this is acceptable, as their efficiency makes up for 

this through their lifetime. Another disadvantage is that LEDs optimal working temperature is 

relatively low and it cannot function properly at to high temperatures, so therefore needs to be 

ventilated. Luckily, a passive cooling system, which lead the heat away from the LED is quite 

sufficient for solving this problem. 

 

Unfortunately the LED’s today are lacking a common standard for the formation of the LED’s, 

which leads to problems with adapting them into existing light fixtures. The diodes are tiny and 

must be be put together to achieve the luminous flux needed for a specific lamp. It is these 

arrangements, which have have very different appearances today. This means that it is not 

easily fit into existing fixtures and cannot be guaranteed for the future. However, this will only 

affect a few of the old types of light, which needs changing. Also, an attempt to create 

standards in this field, are emerging by the cooperation named Zhaga, where manufacturers 

collaborate to create interchangeable fixtures.  

 

The LED fixture proposed is being offered from “Cool LED”, who have developed a passive 

system for airflow called “Heat spreader”, which is able to more efficiently distribute the heat 

away from the  LED and thereby helps to prolong its lifetime. 

 

These LED fixtures are 100% recyclable and contain no hazardous chemicals,such as 

mercury, PCB’s or other contaminants. A ten year warranty is issued against manufacturing 

faults and a five year warranty against faulty drivers. 
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“Picture from: http://cooledinc.com/information/led-advantage/” 

Summary 

LED is chosen be installed in all urban node, however other street lights may connect to the 

urban node platform. The matrix below explains how an encounter with different types of 

lighting should tackled. 

 

  Incandescent   Change  to LED 

Fluorescent Change  to LED 

 Metal halide      Change  to LED 

Mercury Change  to LED 

Halogen Change to LED 

Compact fluorescent Adapt to urban node 

High pressure sodium Adapt to urban node 

LED Keep 
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Illumination theory: 

When explaining the lighting conditions, a few basic expressions must be understood. 

  

In the context of light properties it is also very important to mention the correlated color 

temperature, which is a measure of white light and is expressed in Kelvin [K]. The scale of 

color temperature goes from 0 K to 10.000 K, where 0 K is very warm red and 10.000K is cold 

blue.   

 

Taking a more practical example, incandescent light bulbs has a 

color temperature of around 2700 K, which is considered a warm 

white compared to the light of the sun of around 5800 K, which 

is considered a very cold white. 

  

Next, the color rendering index is also of great importance to the 

perception of the light. The index is a range from 0 to 100, which 

is representing the ability to reproduce color of an object in 

comparison to a reference light source with the same color 

temperature. On the scale 100 is a light source equal to or as 

good as the reference light source to reproduce the colors. The 

color rendering index is defined by the CIE (International 

Lighting Commission). 

Illumination legislation 

According to “ the regulation of energy efficiency of exterior lighting installers” that was done by 

BOE IN 2008, in the part Technical Instruction EA – 03. 

  

This table is showing the maximum values of lighting parameters in different area. The urban 

node is chosen to be in an urban and/or urban center. 

 

 

  

“Image of the color rendering 

index” 
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 Planetariums 

and parks 

E1 

Suburban and 

rural areas 

E2 

Urban 

residential 

E3 

Urban center and 

commercial area 

E4 

Vertical illuminance (Ev) 2 lux 5 lux 10 lux 25 lux 

Light intensity emitted by the lights 

(I) 
2.500 cd 7500 cd 10.000 cd 25.000 cd 

Average luminance of the facades 

(Lm) 
5 cd/m2 5 cd/m2 10 cd/m2 25 cd/m2 

Maximum luminance of the facades 

(Lmax) 
10 cd/m2 10 cd/m2 60 cd/m2 150 cd/m2 

Maximum luminance for luminous 

advertising and signs 

(Lmax) 

50 cd/m2 400 cd/m2 800 cd/m2 1000 cd/m2 

  
“Table of limitations of obtrusive light from outdoor lighting installations” 

 

The average luminance and illuminance can be calculated from the illumination level, which is 

defined by the luminous flux of the light source onto the street area. The average illuminance 

on a horizontal surface is given by the illumination level and the utility factor. The utility factor is 

a description of how much light from the light source that reaches an intended part of the 

street. The utility factor is dependent on different settings. The optics play a vital part here, in 

directing the light to where it is needed and ensuring that as much light as possible is led out of 

the fixture and in the right direction. 

In order to prove the LED is able to perform according to legislation, a brief illumination 

example is shown below. 

 

Lumen 4.800 

Light spread angle 120 x 70 

Height 5.5 M 

 

“Example of a brief illumination” 
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Abbreviation Description Unit 

B Illumination level lx 

F Luminous flux lm 

A Area m2 

Ea Average illumiance lx 

Uf Utility factor % 

La Average luminance cd/m2 

Qd Luminance coefficient cd/m2*lx 

Eh Average hemispherical lx 

 

“ Table of the abbreviation, description and unit parameters” 

 
From the average luminance of 0.608 candela per square meter, it can be concluded that the 

light source on the urban node system delivers enough light to satisfy the luminance demand 

for Vilanova i la Geltrú, while not exceeding the maximum allowed value.. The average 

hemispherical illuminance also satisfies the illuminance demand in Vilanova i la Geltrú. 5.1 lx is 

not exceeding any limitations. 
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Maintenance 
 

Main causes of degrade 
 

 

The features and functions of outdoor lighting installation are modified and degrade over time. 

A correct and well maintained to preserve the quality of the installation, ensure the best 

possible functioning and achieve a suitable energetic efficiency. 

The photometric and mechanical characteristics of external lighting installation will degrade 

over time due to many causes, the most important being: 

● The progressive loss of flux emitted by the lamps. 

● The fouling of the lamps and the optical system of the luminaire. 

● Aging of the different components of the optical system of luminaires (reflector, 

refractor, close, etc). 

● The premature cessation of functioning of the lamps. 

● The mechanical damage due to accidents, vandalism, etc. The particular 

implementation of outdoor lighting installations in the open, subject to weather 

conditions, the risk involved in that part of its elements are easily accessible and the 

primary function that these facilities perform in road safety, as well as people and 

property, undertake to establish proper maintenance of the same. 

  
         Maintenance factor 
 

 

The maintenance factor is an interesting property, which can be very useful to know, when 

gauging the estimated maintenance expenses. This factor must be examined when more than 

a single urban node is installed. 

The maintenance factor (fm) is defined as the relation between the average luminance of the 

urban node immediately after installation (initial average lighting – E initial) and after a set 
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period of time after the installation (average luminance Service - eService). The difference in 

these two numbers is what makes for the maintenance estimation, as the numbers most likely 

will show a decrease in efficiency. 

f = eService = Em 

The maintenance factor scales from 0 to 1. It is interesting to make this number as high as 

possible in order to minimize the maintenance required. 

Although the maintenance factor is still unknown, it is known how to reduce it, since it is mainly 

based upon: 

● The type of lamp lumen depreciation and survival in the course of time 

● The sealing of the optical system of the luminaire maintained throughout its operation 

● The nature and mode of closure of the light 

● The quality and frequency of maintenance 

● The degree of contamination of the area where the fixture is installed 

 

Maintenance of the urban node 
 

 

For a correct maintenance of the urban node three different types of maintenance were 

considered: 

Corrective maintenance 

Corrective maintenance in public lighting installations involves repairing of all system failures 

and incidents. This maintenance will take place whenever necessary. The actions that will be 

considered the most common are: 
  

● Replacing lamps: As shown in the light section, the expected lifetime of the light 

working 10 hours/day every day, is near 13,7 years. 
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However it’s true that as the lights are in the outdoors, have to withstand more extreme 

temperature conditions as well as wind, rain, salt atmosphere, sand. So it is considered 

that the average lifetime of the lights is around 11 years. 

  

● Repair of urban nodes exterior: Is difficult to prevent how often one urban node may 

have to be repaired because so many factors involved that cannot be prevented. Inside 

the repair of urban node were included these main actions: change some modules, 

repair or reconfiguration the touch screen, cleaning or repainting the urban node. 

 

● Replace and/or adjust the programming system: this includes all the components, 

sensors, cables that the urban node has inside. 

  

Preventive maintenance 

Preventive maintenance in public lighting Installations involves periodic review of each and 

every one of the elements of the installation, performing the tasks necessary to prevent 

damage and / or failure of it, before they occur. It is essential to always start with the 

completion of an inventory (number, type and location of the points of light, control systems, 

electrical panels, plans, etc.) and maintenance plan, including the management of spares. The 

most typical tasks in this case are: 
  

● State Inspection brackets (corrosion, anchors, covers, etc.) 

● Inspection of lights (box wiring, moorings, closing, cleaning). 

● Inspection lamps (moorings, close, cleaning). 

● Inspection and testing of the programming system and / or the ignition system. 

● Checking illumination and intensity offered. (Light pollution should be valued, but not so 

much on maintenance tasks, but in projects) 

  

 



 

141 
 

 

Checks and inspections 

According to the article of BOE number 279, concretely ITC – EA – 05, agreed in 2008 it can 

be seen what is the system of checks and inspections. 

The provisions and requirements of energy efficiency and technical instructions will be verified 

with checks and inspections. These are the next: 

● Initial verification, prior to commissioning: All installations; 

● Initial inspection, prior to commissioning: The facilities of more than 5 kW of installed 

capacity. 

● Checks every 5 years: Facilities of up to 5 kW of installed capacity; 

● Inspections every five years: Facilities of more than 5 kW of installed capacity. 

The verification of the lighting installation, initial and periodic, to be performed by the 

authorized installer, include the following measurements: 

● Electrical power consumed by the facility. 

● Average lighting installation. 

● Uniformity of installation. 

The inspection of the installations, initial and periodic, to be performed by the authorized 

installer, include besides the previous measures, the next measures: 

● Average luminance installation. 

● Disturbing glare and surround ratio SR 
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Further workload 
 

This project is now structured and justified, but for a complete result and a product fully 

developed and able to be installed, some other professionals and/or students should be 

consulted regarding the tasks specified below. 

Here follows a table with seven categories, each of them with specific tasks and professionals 

suggested for further work. This is also a guideline for the next group that works on this project  

to keep working on what has already been developed. 

 

 “Table with a guideline for the next group” 
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Conclusion 
 

The urban node system is an innovative proposal that fulfills the initial requirements of the 

project, which are to create a new urban element with functionalities such as producing 

renewable energy, providing a platform for data sampling and having an user interface. 

Furthermore it is designed according to the parameters set out in the project brief, so the final 

design can be argued to be: 

 

• Ergonomic 

• Ecologic 

• Simple to maintain 

• Secure 

• Attractive 

 

The design intention for this project was to create the feeling of one single family of urban 

elements. Even when the elements differs from each other or became very complex 

composites of several products, it should be evident that they belong together and are 

perceived as one. This was achieved by having a consistent shape, even when modules 

are added or removed from it.  

 

It is feasible, as everything proposed already exists in the market, it simply needs to be 

translated onto the urban node platform. This will require a significant effort when taking the 

project to the next level, but it is realistic for the next EPS and IPDS students to achieve this 

goal. In the EPS report the complete budget of this project and its technical specifications can 

be found. 

 

By saying that everything already exists, does not equal saying that the concept already exists. 

What exists are many hybrids between street lighting and energy generation, as can be seen 

in the state of art. These mixes of street lamp, solar cells and wind turbines were found, as well 

as some bus stops with touch screen. Almost all of them share a common soulless design 

approach of smashing technology together, but there was no real efficient solution that joined 

all of this functions together. 
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That’s why the urban node system is a new and innovative conceptual project, as its final 

proposal is unique, in its way of selecting and integrating these existing elements together as a 

whole. Other similar projects have been conducted, but often with very crude results in regards 

to aesthetics in comparison the urban node. 

 

The urban node will be an urban element, which will promote Vilanova i la Geltrú as a smarter 

and more innovative city, attracting more tourist and business while giving the local residents a 

great addition to their local environment. 

 

From the general research a function analysis was devised and applied to the smart city 

model. In the picture below examples of how the urban node is supposed to function in regards 

to different users and environments is shown. 

“Graphic of the urban node system and the thinks that this has” 

 

The urban node will be the object that will make this whole system feasible by empowering the 

communities and the citizens with ICT (Information and Communication Technology). It would 

be a source of light, power and knowledge on every street, with free Internet access. Each 

community could also have a local access to their own data cloud where they can share their 
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stories with friends, families and strangers. This is a strong way to gain the public acceptance 

of the urban node, because its usefulness proves immediately apparent. 

 

The node could also improve citizen’s interactions, because at the same time that it facilitates 

information about public transport, for example, it allows people to help each other in an easy, 

practical way through actions like car sharing e.g.. The idea is that the node would be where 

citizens could have classifieds announcing all short of things - from jobs to second hand 

objects - organize weekend games, flash mobs etc. A strong sense of self-esteem arises when 

a community comes together. 

 

The node also takes the tourists into account, so the person that would normally come to the 

city and feel lost can have all the information needed at the same place and maybe also meet 

locals through the social interactions the urban node promotes.  

 

It would be sustainable in many different manners: it generates more energy than it consumes, 

and this energy provided by renewable sources. Also the gym would stimulate people to help 

the environment (by the energy they generate) and be healthier. But the best aspect is not only 

sustainable, but also social: the change of people's behavior with the actions it stimulates. All 

of this can help the environment at the same time that it improves life quality and make things 

easier, by having all of this information and services available at the same place, easily 

reachable. 

 

From all of this, we see that the urban node was initially planned to be installed in Vilanova i la 

Geltrú, but as the project got very ample, it can also be adapted to other cities where it would 

improve sustainability, information and social aspects, driving the place into a smarter 

direction. 

 

In conclusion, the urban node fulfills the requirements set out in the very beginning of the 

project and it goes much further by covering latent needs as well, such as the phone charger in 

public. 
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Smart Cities 
 
European Green Cities - Final Technical Report  
December 2001 - Pages 14-15 

!
Vilanova, Spain 
 
The project aims to demonstrate the feasibility of incorporating high environmental quality 
standards and a rational use of energy to social housing buildings, before applying them 
to more constructions in the city. 
 

 
Figure 2.9: Building under construction in February 2000. 
 



The innovative technologies developed in the project, from the Spanish market point of 
view, can be summarised in three main areas of development: 

− Heating and domestic hot water based on solar energy and natural gas.  
− Bioclimatic and low energy building design.  
− Sustainable design regarding the use of materials and water management. 

 

 
Figure 2.10: Picture of the project in Vilanova i la Geltrú, January 2001  
 
The interest of the measures applied in the Project, in the context of the Spanish market, 
is related to: 

− The type of development - social housing,  
− The innovative service approach,   
− The energy efficient solutions,  
− The use of renewable energies, 
− The improvement of the comfort conditions in summer and winter by bioclimatic 

criteria 
 
Other technologies and environmentally positive approaches without the EU support, but 
which have been included in the project are: 

• Bioclimatic and, low energy design by considering orientation, openings and 
dimensions: 

 - Cross ventilation and natural light. 
 - Solar protections by overhangs.  

•  Environmentally friendly construction materials: 
 - Eco-brick high-insulation materials 
 - Electrical installation without PVC.  

• Domestic water saving appliances 
• Ecological paint 

!
! !



Distribution of pharmacies, shops and physicians around Paris 
 

 
 

 
 

 
 
 
 
 
 
 
 
 



Smart cities – Ranking of European medium-sized cities 
List of indicators 
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State of Art 
!

Bus Stops 
!

!
 

Designer: Marc Aurel Caterina 
“Station Osmose”: 
 

• Pilot station in Boulevard Diderot 
(Paris). 
•Public Wi-Fi hotspot. 
• Multi-functional space: 

-Social activities 
-Coffee shop 
-Self-service library 

• Phone charging station.  
•Lighting ambiance. 
•Advertising boards. 
•Resized signage. 
•Wheel-chair accessibility. 
•Pictograms for the visually impaired 
to launch voice-recorded 
information. 
•Self-service station for electrical 
bikes. 
•An automatic ticket machine. 
•Defibrillator for emergencies. 
•Real-time information screens: 

-Bus lines 
-Maps 
-Attractions in the area. 
-Advice for directions. 

•Metal and ceramic benches, the 
design evokes the transport context 
of the city. 
 
http://www.transportspublics3
expo.com/sites/default/files/files/Pre
ss_Kit_EBSF(2).pdf!



!
!
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Designer: Mathieu Lehanneur 
“Escale Numérique”: 
 

• Pilot station in Boulevard Diderot 
(Paris). 
•Public Wi-Fi hotspot. 
•Single information screen with 
information: 

-Guides 
-News 
-Main attractions for tourists 

•Wooden furnitures. 
•Green roof. 
•Concrete swivel seats with mini 
tables. 
!
http://www.dezeen.com/2012/07/05
/escale3numerique3by3mathieu3
lehanneur3and3jcdecaux/!
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SENSEable City Lab of MIT 
“EyeStops”: 
 

• Prototype of a futuristic bus 
stop. 
• Active environmental sensing 
node. 
•Solar-powered booth that is 
outfitted with touchscreen. 
•Partially covered with touch 
sensitive e-INK and screens. 
• Shows only necessary   
information:  

- Bus schedules with a 
real-time route 
mapping. 
- Browse the web. 
- Check air quality. 
- Community message 
board  to post 
announcements and 
ads. 

 
http://www.tuvie.com/search/urban+furniture 
http://senseable.mit.edu/eyestop/ 
 
!
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GK Sekkei 
“Bus Stop Shelter Intelligent 
Series Flex”: 
 

• Prototype of a futuristic bus 
stop. 
• Bluespot terminal with 
telephone and Wi-Fi. 
• Solar-powered roof. 
• Metal and Glass. 
• Wide Range of accessories 
(customizable). 
• Bench. 
• Waste bin. 
• Dynamic display:  

- Bus schedule updates. 
- Community 
announcements. 
- Advertising display 
case. 

 
http://www.archiexpo.es/prod/wall-ag/paradas-de-
autobuses-de-metal-y-vidrio-60904-154451.html 
 
http://www.ecofriend.com/eco3tech3
intelligent3bus3shelter3keeps3you3
connected3with3the3world.html!
!



Street Lamps 
 

!
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Philips Electronics 
“Light Blossom”: 
 

• Smart LED lighting. 
• Self sufficient (doesnʼt require 
electric grid) 
• Solar and Wind-powered, can 
change the source of energy 
depending on weather 
conditions. 
• Different light intensity when 
motion is detected. 
• Uses half of the energy used 
by traditional street lamps. 
• It opens to collects energy 
during the day and closes to 
light at night.  

 
http://thevividedge.com/flower-lamp-by-philips-
a-new-concept-of-street-lighting/ 
 
http://inhabitat.com/sustainable3city3
street3lights3by3phillips/!
!
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UGE Urban Green Energy 
“Sanya Hybrid StreetLamp”: 
 

• Solar and Wind-powered. 
• Operate entirely of the grid. 
• LED light. 
• Can be installed in 
inaccessible locations to the 
electric grid. 
• Self sufficient (doesnʼt require 
electric grid) 
• The official webpage provides 
instructions to build your own 
turbine. 
• Wind Turbine: 

- Rated Output: 200W 
- Rated Windspeed:12 
m/s. 

• Solar panel: 
- Rated Output: 235W 
- Dimensions: 
1640x992mm 

• Lighting: 
- Rated Power Output: 
84W. 
- Lumen Output: 5208lm 
- Rated Voltage Input: 
24 Vdc. 

• Structural steel with 
galvanized or powder coating 
finish. 
• Height: 10m with turbine. 
• Enclosure Size: 85cm x 60cm 
(diameter) 
• Electronic specifications can 
be seen in the official webpage. 

 
http://www.urbangreenenergy.com/products/sany
a/specifications 
!
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Savwatt 
“Ecopole” 
 

• LED Street Light. 
• Not connected to the Grid. 
• 60W Cobra Head LED Light. 
• Solar and Wind-powered. 
  -180W Solar Panel. 

 -300W Micro Wind 
Turbine. 

• Aridion Technology by P2i  
(liquid repellant Nano-coating) 
prevents corrosion and 
malfunction. 
• Input power: 60W 
• LED Luminous Efficacy 
>70lm/W 
• 50,000 hours of maintenance 
free operation. 
• Silicon solar cells. 
• 24/7 Central station 
monitoring. 
• Electronic specifications can 
be seen in the official webpage. 
 
 

http://ledlightingbysavwatt.com/page/680
/ecopole-led-street-light-60w-led-cobra-
head-led-light-180w-solar-panel-and-
300w-micro-wind-turbine 
!
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Xabier Perez de Arenaza 
“uTree Urban Photovoltaic Tree”: 
 

• Provides energy for street 
lamps, traffic lights, 
thermometer and clock. 
• Shaped like a tree, its broad 
flat leaves are fitted with solar 
panels. 
• Harvest solar power during 
the day. 
• Energy can be fed into a grid 
or stored into a battery. 
• Can generate 1732.5W in an 
8-hour day. 
 

http://www.designbuzz.com/utree-future-
urban-energy-generation/ 
!
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Frog Design for Carmanah 
Technologies. 
“1710”: 
 

• Solar-powered street lamp.  
• Each system consists of a 
solar panel, batteries and LED 
light. 
• Physical design takes its 
inspiration from the shape of a 
leaf (organic form). 
• Front panel sculpted to allow 
rain and snow to run off. 
• Easy access to batteries with 
quick-release (automotive-style 
batteries for solar lighting 
systems must be changes 
every 5 years). 
•Batteries and energy-
management system are 
packaged compactly in a single 
piece rear-housing unit.  
 

http://www.frogdesign.com/work/car
manah3technologies3solar3led3
lighting.html!
!
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Eric Zhongren Zhang. 
“CITYLIGHT”: 
 

• Hybrid urban illumination 
system (human-power and 
electricity) 
• LED light. 
• Connected to outdoor fitness 
facilities (transfer human power 
generated to the light system). 
• Interactive linear pattern 
indicates current battery status. 
• Encourages people to 
participate. 
• Monitor displays the calories 
burned and the duration of 
lighting contributed.  

 
 

http://www.greendotawards.com/sub
mit/upload/2007/large/333933
11_CITYLIGHT3ZHONGRENZHANg.pdf!
!
!
• A similar project is being 

implemented in England called 
“The Great Outdoor Gym 
Company” 

http://www.tgogc.com/ 
!



Urban nodes (Alternative Street Furniture) 
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Douglas Coupland 
“V-pole”: 
 

• Wi-Fi and wireless data traffic. 
• Modular pole connected to 
underground optical wiring. 
• Base station located at the 
base of each cell tower, the 
different antennas are shrunk 
into a single device. 
• Electric vehicle charging. 
• Electronic neighborhood 
bulletin board. 
• Height: 12ft. 
• Coverage: approx. 1.5 city 
blocks. 
• Lightradio connectivity: fiber 
optic, Ethernet or copper-
twisted copper pair 
incorporating DSL. 

. 
 

http://v-pole.com/ 
!
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City 24/7 in Partnership with Cisco & 
LG Electronics. 
“Smart Screens”: 
 

• Communication system 
accessible to everyone. 
• Customized and personalized 
for people in different 
communities. 
• Ideal channel for the city, 
neighborhood groups to 
connect and expand their 
constituent communities. 
• Public information: 

- Real-time transit 
updates. 
- City events and 
programs. 
- Landmark information. 
- QR code/ Bluetooth 
downloads to mobile 
phones. 

• Wi-Fi Hotspot. 
 

http://www.smartcity24x7.com/inform.
html 
 
!
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Illuminating Concepts. 
“Intellistreets”: 
 

• LED-based lighting systems. 
• Loudspeakers to give audible 
warnings to individuals. 
• Cameras and sensors to 
ensure 24/7 security coverage. 
• Available in traditional and 
contemporary designs. 
• Some can use existing poles. 
• Wireless network. 
• Variety of components can be 
hung: 

- LED banner system to 
promote civic events. 
- Digital Street signs to 
indicate location 
information, nearby 
parking facilities or 
routing information. 

• Emergency buttons (two-way 
emergency communications) to 
call for help. 
• Emergency response to 
several major natural disasters. 
• $3000 price for a unit. 
 

http://intellistreets.com/videos.php#nu
ll 
 
!
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Frog Design. 
“Beacon”: 
 

• Connects the city and its 
services with communities, 
businesses, residents, and 
visitors. 
• Slender concrete and 
stainless steel structure 
encloses a stack of 
indestructible LED matrix 
screens. 
• Controlled by voice and 
gesture. 
• Screens provide ad-supported 
revenue streams, community 
information and emergency 
services. 
• Uninterruptible power supply 
(solar powered) 
 

http://www.frogdesign.com/work/reinv
enting-the-payphone.html 
 
!



Some other innovative projects 
!
@22!Barcelona!by!Ajuntament!de!Barcelona!&!associated!companies.!
! http://www.22barcelona.com/content/view/724/898/lang,en/!
!
Bike!Tree!by!Abhinav!Dapke.!
! http://www.treehugger.com/bikes/bike3tree3keeps3bikes3off3ground3
away3from3sticky3fingers.html!
!
Digital!Water!Curtain!by!Lumiartecnia!International.!
! http://www.lumiartecnia.com/blog/?p=684!
!
Street!Charge!by!Persa.!
! http://nextberlin.eu/2012/07/street3furniture3for3a3digital3age/!
!
Bike!Lane!Safety!Light!by!Xfire.!
! http://thexfire.com/products3page/lighting3system/bike3lane3safety3
light!
! http://www.geekosystem.com/xfire3bike3laser/!
!
Poo!Wi3Fi!by!DDB!&!Terra.!
! http://www.youtube.com/watch?v=d8_KNPKWmsA!
! http://inhabitat.com/mexican3parks3trade3dog3poop3for3free3wi3fi3
access/poo3wifi1/!
!
Diet!Node!Park!by!Richard!Chase,!Jake!Chidester!&!Alisyn!Malek.!
! http://www.knightarts.org/community/detroit/diet3at3dally!
! http://jakechidester.blogspot.com.es/2011/06/intelligent3node3park3at3
last.html!
!
Streetpong!by!Hochschule!für!angewandte!Wissenschaft!und!Kunst.!!
! https://vimeo.com/48514003!
!
 
!
! !
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Normatives 
 
Law 6/2001, 31 May, environmental illumination for the protection of the 
night environment. 
 
Preamble 
 
Artificial illumination for the night is an essential requirement for the 
habitability of urban modern areas; an inappropriate use has harmful 
consequences for the biodiversity and the environment. 
 
On the other hand, a night illumination excessive or defective is a type of 
contamination, which affects to the vision of heaven. 
 
Finally a consistent night illumination allows significant energy savings. 
 
Chapter 1: General dispositions  
 
Article 1 
Object 
The object about this law is the regulation about the installations and the 
devices of indoor and outdoor illumination. 
 
Article 2 
Purposes 
This law has as a purpose: 
 

a) Maintain to the maximum possible the natural conditions about the 
night hours, for the benefit of wildlife, flora and ecosystems in general. 
 

b) Promote energy efficiency of the lighting undiminished the security. 
 

c) Prevent light intrusion in domestic around. 
 

d) Prevent and correct the effects of light pollution. 
 
Article 3 
Applicable exemption 
 
1) Are exempt from the law enforcement: 
 

a) In general, the glare of the infrastructure to ensure public safety. 
 
 
Chapter 2: Regulatory regime of the lighting 
 
Article 5 
Zoning 
 



1) For the application of this law, the territory has been divided into zones, in 
terms of vulnerability to light pollution. 

 
2)  The division of land must comply with the zoning as follows: 
 

a) Area E1: Areas included in the plan of natural interest, this can only 
support a minimum brightness. 
 

b) Area E2: Areas included in regional areas that support only a 
reduced brightness. 

 
c) Area E3: Areas included in regional areas that support only half 

brightness. 
 

d) Area E4: Areas included in regional areas that support only a high 
brightness. 

 
e) Municipalities can establish an own zoning, if they do not reduce the 

level of protection adopted in section 2. 
 
Article 6 
Limitations and prohibitions  
 
1) Projects of installation of glare that have to work at night must be 

accompanied by a report justifying the need. 
 

2) Are prohibited: 
 

a) The lamps monochromatic or integrated with an upper hemisphere flux 
emitted in excess of this 50%, unless the lighting element has an 
historical or artistic interest. 
 

b) Focus of light emitted above the horizontal plane, unless the lighting 
element has an historical or artistic interest. 

 
c) Aerial devices and artefacts of advertising Night. 

 
d) The glare of large expanses of beach or coast except for safety 

reasons. 
 
 
Article 7 
Characteristics of the facilities and equipment of glare 
 
1) Be established via regulation: 

 
a) The inclination and direction of light. 

 
b) The regulatory systems of luminous flux in special times. 

 



2) Be taken maintenance programs, which are necessary for the permanent 
conservation of the characteristics of the facilities and equipment glare. 

 
3) According to the criteria for energy savings, should prioritize, in the 

outdoor lighting, the use of lamps of sodium steam with high pressure 
(SVHP), should replace mercury steam lamps in the process of renewing 
public glare. 

 
 
Article 8 
Seasonal regime and time of use of lighting 
 
1) Glare outside, both publicly owned as privately owned, must be kept 

turned off at night, except in the following cases: 
 
a) For safety reasons 

 
b) Glare for streets, roads, avenues, and places of transit. 

 
c) For commercial and industrial uses. 

 
d) Justified for other reasons, which are determined by regulatory 

proceedings. 
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