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A B S T R A C T  

The City-zen Roadshow travels with a team of internationally recognized experts, in the field of energy 
planning and design to help develop a sustainable agenda for cities and their neighbourhoods. It will 
visit 10 cities in total over a 4-year period who are seeking expert guidance on how to become more 
sustainable and wish to move towards energy neutrality. The overall aim of the Roadshow team, 
known as ‘Roadies’, is to work closely with people from the hosting city, whether they be city leaders, 
energy planners, local architects, professionals, academics, students and of course the citizens 
themselves. The Roadshow spends 5 days in each hosting city to deliver energy and urban design 
workshops in which all local stakeholders are welcome and encouraged to join and to take ownership 
of the final outcomes. Outcomes that will allow the cities recourses, both people and energy, to be 
directed effectively, by highlighting the energy challenges and potentials to be found in their 
neighbourhoods, and to finally present a sustainable ‘City Vision’.  
 
The following report will describe the activities and outcomes of the City-zen ‘Sevilla’ Roadshow that 
took place in Sevilla, between the 20th & 24th of November 2017.  
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CHAPTER 1  –  In t roduct ion  

1.1. CITY-ZEN ROADSHOW AND SWAT STUDIO 

The Roadshow travels with a team of internationally recognized experts in the field of architectural 
design and energy planning to co-create a sustainable ‘City Vision’ with city stakeholders. Over a 4-
year period it will visit 10 cities that are seeking expert guidance on how to become zero energy and 
carbon neutral. The project has already successfully collaborated with Belfast, Izmir, Dubrovnik and 
Menorca. The overall aim of the project team is to work closely with people from each hosting city, 
whether they be city leaders, neighbourhood associations, energy planners, architects, academics, 
students and of course most significantly the citizens themselves. The project consists of a 5-day event 
model, a culmination of a 3-month preparation including an educational design studio (the SWAT 
Studio) that promotes the Roadshow whilst building relationships and trust between all contributing 
partners. Local stakeholders are welcomed and encouraged to join and to take ownership of the 
process and the final outcomes, outcomes that will allow the cities resources, people, knowledge and 
renewable energy potential to be directed effectively over a realisable timescale that will meet their 
energy transition. The process starts by identifying a neighbourhood’s urban lifestyle and energy 
challenges. Then, on the final day of the event model, a definitive sustainable ‘City Vision’ is presented 
to, and by, the city, which responds to all scales of their built and natural environment.  
 

 
 

(a) (b) 
Fig. 1. (a) The Roadshow investigates environmental, economic and social aspects of each Roadshow city to 
develop a ‘City Vision’ that is specifically tailored to respond to place. (b) The Roadshow team brings together 
all stakeholders; it facilitates this 5-day event to propose a sustainable ‘City Vision’ that is ‘owned’ by the City 
itself. 
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Fig. 2. Sevilla Roadshow 5-day timetable 
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The following describes the underlying approach undertaken in Sevilla and the project neighbourhood 
of Barrio Tiro de Línea. It will include a brief explanation of the Sustainable ‘City Vision’ that resulted. 
City engagement is an exciting and thought-provoking prospect. Many questions arise at the beginning 
of the journey. Making first contact with a prospective project location, conducting preparations, 
explanations and agreements is far from an exact science. The method of achieving this successfully 
has evolved city-by-city and is arguably as valuable as the sustainable solutions that are finally 
produced. There can be many political, cultural and linguistical obstacles that must be overcome. The 
outcomes have the power to inspire and potentially be realised post-project. The first questions are:  
• Who is ‘the City’? 
• What are the city’s sustainable expectations and aspirations? 
• What is the current and future calculated energy demand? 
• Where are the urban challenges? 
• Are they purely energetic, spatial & social, administrative or a combination of all?  
• Does the ‘City’ even realize or accept they have challenges, despite its desire to be sustainable?  
 
To answer these questions and many more, the project team began the process of identifying the cities 
that need and want our collaboration. First contact begins with an educational architecture workshop 
studio (known as the SWAT Studio). This takes place in the months leading up to the project. Developed 
and led by TU Delft under Prof. Craig Lee Martin, the student-focused workshop facilitates an extended 
and detailed discussion with city stakeholders. The later ‘expert’ Roadshow event model is conducted 
over a 5-day period and is based on ‘themes’ that guide the evolution of the vision in which expert 
input is delivered at key points. Each event is constructed to relate to individual citizen experiences 
and knowledge, this giving confidence in the processes that are extended to relate to streets, 
neighbourhoods, districts, city and, under some circumstances, the region. The project is not intended 
to be a one-way stream of information and ideas; instead, the process aims to activate, convince, 
openly invite and encourage ‘the City’ to be part of the process at any level that they feel comfortable 
with. The method includes going out of the studio and into the wider community. To engage with 
various initiatives and to meet and talk with their members, no matter their age or background. The 
project leader selects cities that have diverse climates, urban typologies, economies, cultural 
backgrounds, to ensure that the project develops a highly adaptable and compact, yet replicable 
approach, whatever the city and its circumstances.  
 

1.2. AIMS 

The aim is to develop an event model capable of implementation in all cities to co-create a city’s 
sustainable vision with citizens from all backgrounds. Proposals developed exclusively by the project 
team, and not by the multidisciplinary city stakeholders, would physically and metaphorically leave 
with the project. Hence, a home-grown solution is key. A legacy must remain in which all participatory 
groups continue to exchange knowledge and speak with a common voice, making any future research 
bids, beyond the scope of the City-zen project coherent and effective. The project wishes to extend its 
agenda by strengthening connections and bringing together a global family of project cities, where 
experiences can be shared together with collaborative research bid proposals across the European 
community. 
 
The most important target group are inhabitants of the neighbourhood, city and wider hinterland of 
the hosting city. Companies and start-ups in the field of technology and sustainability are encouraged 
to be active participants during the project. A key objective is to reach 600 students across the EU by 
visiting local universities, colleges and secondary schools. Students are the future. It has been mutually 
beneficial idea to combine the energy and enthusiasm of architecture, urban planning and building 
technology focused ‘SWAT Studio’ Master’s students with that of the stakeholders and students of 
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each hosting city. The student projects, and more significantly the close relationships that were forged 
whilst conducting them, lay the foundation on which later to build the later intensive 5-day project. 
Promotion, full participation and dissemination contribute significantly to overall success. As a 
consequence, the project and student workshop leader encourages any and all interested groups such 
as municipalities, neighbourhood associations and universities to grasp the opportunity to do so. 
Taking the time to discuss what is expected and allay any reservations or doubts they may have, it is 
not the intention of the event to criticize a city’s perceived lack of sustainability. Project team 
specialists are aware of many complex global and local level challenges toward the energy transition.  
 

 
 
Fig. 3. The Sevilla ‘SWAT Studio’ (18th to 29th of September 2017). A Building Technology MSc’s ‘Onsite’ studio 
(TU Delft, The Netherlands), an educational precursory event that took place 2 months prior to the start of the 
Sevilla Roadshow. During the SWAT Studio the aims and objectives of the City-zen ‘Sevilla’ Roadshow would be 
disseminated on local media streams.  
 
 

1.3. OBJECTIVES 

1.2.1 Student Engagement  
 

A Master’s level Building Technology student workshop (known as the SWAT Studio), with identical 
project aims as the expert Roadshow, develops and proposes technologically innovative and 
contextually driven urban interventions, a key ambition of the workshop being to demonstrate, 
through building interventions at all scales ranging from façade, building, street, neighbourhood 
and district, that sustainable lifestyles are possible within existing cities. This student-orientated 
programme is a precursory educational event to the later specialist project. In Sevilla, at the 
hosting venue at the Escuela Tecnica Superior de Ingeniería de Edificación (Universidad de Sevilla), 
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student’s from both The Netherlands and Sevilla forged pre-project relationships with key city 
stakeholders, a process allowing project areas to be investigated in detail and data to be collected 
and accessed. The outputs of each sustainable workshop would be presented on the first onsite 
day of the project, the workshop making positive connections with academic and municipality 
leaders and sustainable energy and smart city departments and companies, including the Gerencia 
de Urbanismo (Ayuntamiento De Sevilla), Instituto Universitario Arquitectura Y Ciencias De La 
Construccion, Arditec Arquitectura: Diseño y Técnica Código and the Agencia Andaluza de la 
Energia Consejeria De Empleo, Empresa Y Comercio.  

 
1.2.2 Process 

 
In Sevilla, the process began with a collaborative Master’s level Building Technology student 
workshop 2/3 months prior to the project start. Both the workshop and the Roadshow itself were 
developed to be fun and yet ‘intensive’. Components such as seminars, walking tours, design 
workshops and mini-masterclasses within the 5-day period were strategically timed and citizen 
focused at key points. The outputs, synchronised with specific project team specialisms in energy 
and urban design, were qualitatively spatial and quantitatively energy focused, and combined to 
form the Sustainable City Vision on the final day of the Roadshow. 

 
1.2.3 Daily Activities 
 

Daily activities would involve citizens, architects, municipality staff, PhD students, academics and 
energy consultant’s visiting the projects studio base at the Escuela Tecnica Superior de Ingeniería 
de Edificación, a venue donated by the Universidad de Sevilla. The 5-Day programme was devised 
in such a way to encourage participants to ‘drop-in’ and ‘drop-out’ so that the project workshop 
activities and Mini-masterclasses could fit into their professional and family schedules, a strategy 
that would increase city involvement. PechaKucha style presentations (PechaKucha meaning ‘chit-
chat’ in Japanese, a format that keeps presentations concise and fast-paced, facilitating multiple-
speaker events) informed the participants of what to expect. Sevilla’s stakeholders also 
contributed on the day with presentations that outline past, present and future aspirations for 
their city.  
 
The project method aims to foster an intensive working environment, yet one that allows 
adequate flexibility to ensure maximum participation of stakeholders. It must be respected and 
appreciated that all stakeholders are likely to have full time jobs and a family life beyond any 
project, and that their attendance is self-financed. Therefore, it is one of the roles of the project 
leader to strike a balance during discussions between conveying the urgency of being part of the 
process, but not to an extent that it distances prospective attendees. Whilst the student workshop 
(SWAT Studio) is underway, on location many preparations and negotiations take place with 
stakeholders. Here various visual descriptors are used to communicate what is expected during 
the Roadshow project. 
 
Images taken during the co-creative and intensive events of previous Roadshows in Belfast, Izmir, 
Dubrovnik and Menorca are incredibly effective in translating what is to come. Coloured marker 
pens, rolls of tracing paper, laptops and notebooks are the tools of choice for the project 
participants. Activities have the same aim, energy neutrality; however, each component is 
enjoyably diverse and offers new perspectives and skills on how to attain it. Whilst two parallel 
workshops run continually over the week participants sign up to play a Serious Game entitled 
‘Go2Zero’. Sevilla’s stakeholders had the chance to ‘role play’, having playful fun whilst 
experiencing the cause and effect of energy strategy decisions made at the regional, 
neighbourhood and family household level. 
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Fig. 4. Sevilla’s citizens getting into the game and having ‘energetic’ role-playing fun whilst learning the 
implications of energy choices at the large commercial and domestic level.  
 
 

1.4. ROADSHOW AT A GLANCE  

The following points list 18 keywords that best describe the story and ambitions of the City-zen 
Roadshow: 
 
1. ZERO ENERGY Aims to develop and demonstrate Zero-Energy Cities with a central role for citizens. 
2. MOTIVATE & EMPOWER End-users to a long-term energy saving attitude.  
3. CITIZENS Placed in the heart of a creative process that develops designs, strategies, guidelines and 

timelines at all scales of their own cities built environment.  
4. NUMBERS 4 Cities completed - 3 months prep / city - 5 days onsite / city - all citizens - 7 International 

sustainability experts - 6 cities next. 
5. IMPACT Healthy lifestyles, environmental comfort, building efficiency, independence from fossil fuel 

uncertainty. But most of all confidence that sustainability is for all who want it. 
6. TRUST Citizen’s need belief in the process, objectives and solutions, no matter how radical or 

unfamiliar. Students open the door!  
7. OWNERSHIP Citizen’s take ownership of their built environment without fear of hidden agendas, 

affiliations or political constraint. 
8. HOMEGROWN The solutions stay with the people. 
9. WHO IS THE CITY? Doesn’t matter where the ideas come from, as long as they come and begin to be 

realized. 
10. DISRUPT Project rocks the status quo to reach zero energy.  
11. GLOCAL Specialist global expertise combined with local stakeholder energy and knowledge of context 

and lifestyle. 
12. GRAPHICAL Use graphical descriptions to get your messages across. 
13. SACRIFICE? It’s not about losing, it’s about what you gain. Replacing it with something better for your 

children and community. 
14. TIMETABLE TO SUIT Schedule to fit stakeholders, not the other way around. Remember, stakeholders 

are not on the payroll, they have other daily priorities.  
15. INDIVIDUAL PERSPECTIVE Make sure activities relate to the people and their experiences. These can 

be expanded later to other scales.  
16. COMPARISONS To design what is possible is one thing, to show what has been realized or what can 

occur under the right circumstances is even better. 
17. HIGHLY VISUAL Outcomes to be colourful representations of the future, before/after scenarios. 
18. BE INSPIRATIONAL Encourage ‘City Vision’ participants to take the lead in the next step! 
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CHAPTER 2  –  ROADSHOW COMPONENTS  

Two parallel workshops continue throughout the project week, on arrival stakeholders are guided to 
select one workshop depending on their interests or specialisms, however migration to each is 
recommended in order to get a full overview of energy and urban strategies and their implementation. 
At the end of each day the workshops meet to summarise their findings and to agree on that evenings 
and the following day objectives. As an example of how the project approaches each city, the following 
describes the journey and activities undertaken in Sevilla and within one of its typical neighbourhoods 
– Barrio Tiro De Línea. 
 
 

2.1. FUTURE NEIGHBOURHOODS (WORKSHOP 1 – DAY 1 TO 5) 

Convenor: Prof. Greg Keeffe, Queens University Belfast, UK 
 

2.1.1 Background 
 

The car has shaped the 20th century city. The growth of car usage from the 1950s onwards 
created real problems for designers; however, many of the solutions to the issue have created 
bigger urban issues. This is clear in Sevilla, where a car-based strategy for urban design has 
isolated inner-city areas, by oversizing roads, and creating large-scale defensive architecture 
alongside the road to counteract its presence. This is the dominant feature of the 
neighbourhood. 

 
2.1.2 Aim & Objectives 
 

The aim of the workshop was to develop strategies at a range of scales that allow a process-
based adaptation of the city to carbon neutrality. The scales utilised were: the city, the 
neighbourhood, and the building. The city scale is important because city form is the basis for 
the behaviours engendered in the city.  Here urban grain can encourage or discourage car usage, 
allow safe routes for schoolchildren, and connect the inner city with the countryside. The 
neighbourhood scale allows us to visualise the commons – i.e. the things we share. This may be 
things such as smart grids, or other networks, but may also be spaces for meeting, playing or 
growing. Energy storage is most cost-effective at this scale too, as is car share. In addition, 
density is one of the key factors in making neighbourhoods function, and many behaviours are 
linked to this – such as car usage, local economy etc. The house or building scale is crucial, 
because here we see many of the technologies for neutrality being employed. Technologies such 
as PV cells, heat-pumps, shading devices, DHW production all have been developed to work at 
this scale. 

 
2.1.3 Methodology 
 

The workshop starts with an understanding of city form, historic and future growth, urban grain, 
climate, eco-system services and density. From these initial studies, an understanding of the city 
as a holistic super-organism is developed. This bioclimatic understanding allows new insights 
into current trajectories. Urban design is based on understanding urban trajectories and 
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deflecting or manipulating them, to create new futures in a seamless way. Once a sustainable 
urban design strategy for the city is developed, we change to the neighbourhood and building 
scales to look at the issues this strategy creates at the smaller scales. More detail can be 
developed here, and the solutions become more technological. We then visualise the impact 
these technological insertions have on the built environment and the lifestyles of the residents. 

 
2.1.4 Experiences & Insights  
 

The City 
Sevilla is an historic city, and the neighbourhood chosen is in the 19th century extension to the 
South.  This extension, originally based on tram cars, has been re-appropriated and extended by 
car. These arterial roads are over-sized and the connection between them and the 
neighbourhood is characterised by a very hard edge of apartment blocks of up to 12 stories, 
limiting the permeability of the neighbourhood with the city. 
 
Mobilities. 
Due to the extreme latitude (for Europe) and subsequent climate, car usage is very high, the 
neighbourhood has a large amount of on-street parking, and many commuters leave their car 
here and walk to work. The large-scale roads that bound the neighbourhood also offer parking 
for commuters and locals. There is very little public transport that travels through the 
neighbourhood: most travels on the large radial routes that bypass the neighbourhood. 
 
Neighbourhood 
The neighbourhood chosen is of reasonable density, consisting of a mix of accommodation 
blocks, from small villas and terraces to the west, to larger social housing blocks in the east.  
These blocks range from blocks typically 5-6 storeys high, to some at 10-12 storeys developed 
in the 1990s. The West of the neighbourhood is characterised by low-rise housing on a ladder 
street pattern that has high permeability, however the rest of the neighbourhood is more 
modern and suffers from poor legibility and worse permeability. 
 
The retail centre consists of an indoor market and a small rather dilapidated mall. Both could do 
with refurbishment. There is no shopping street, and very little useful social space. No concern 
has been made with regard to the pedestrian anywhere, particularly with regard to thermal 
comfort and shade in summer. This makes walking difficult during the day and encourages car 
usage. In addition, the city suffers from extreme heat island effect due to the lack of street trees, 
which would provide transpirative cooling and shade. 
 
Buildings. 
Developed as private housing in the 1990s, the apartment blocks are rather basic from an energy 
point of view:  there is no insulation, no external solar shading; secondary roof, or green roof 
systems. Technologically the buildings are poor too, and there are no renewable systems 
employed. 

 
2.1.5 Outcomes  
 

The neighbourhood 
The workshop developed a new strategy plan for the city, which reinvented each neighbourhood 
as a distinct but connected entity, yet still allowed development. 
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This created perforated space: new green routes were designed that cut across the 
neighbourhood making a pedestrian grid that was shaded, offering new routes that were direct 
and comfortable to encourage walking. 

 

Fig. 5. 
 

New neighbourhood engagement with the road, hereby reducing the scale of the arterial roads. 
The space gained could be used to develop new social and leisure functions for the 
neighbourhood, such is the scale of the oversized road. 
 

 
 
 

Fig. 6. 
 

Building scale 
Many of the public spaces in the neighbourhood are oversized and unshaded.  The urban design 
strategy at this scale looked to develop some of the larger squares to improve both shade and 
density. 
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Fig. 7. 

 
Micro-greening was also suggested to radically change the urban condition. 

 

 
 
Fig. 8. 

 
Mobilities 
The change of mobilities from car-dominance to a walking city could have a radical effect on the 
streetscape. 

 

 
 

Fig. 9. 
 

Public space 
Finally, by re-engaging the indoor market with its context, the neighbourhood could develop a 
new vibrant hub that would encourage local engagement and visitors to the area. 
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Fig. 10. 
 
2.1.6 Future Development of the Workshop 
 

The workshop results were excellent, but the engagement with practitioners, city governance 
and local people could be better. The neighbourhood needs to come together to envision a 
green future. 
 
Sevilla is in a complex place regarding climate. Summers are already extremely warm and this is 
exacerbated by the climate-insensitive design that exists in the neighbourhood. The city needs 
to quickly green itself to prevent rapid overheating, as this will leads to high energy usage re 
cooling. Urgent but relatively simple action is needed. 

 

 
 
Fig. 11. 

 
 

2.2 ENERGY WORKSHOP (WORKSHOP 2 – DAYS 1 TO 5) 

Report by Prof. Dr. Andy van den Dobbelsteen, TU Delft, The Netherlands 
 
2.2.1 Background, Aim & Objectives 

 
The City-zen Roadshows, part of Work Package 9 of the EU FP7 City-zen programme, have a 
double-sided meaning: they are used for validation in a real city situation of the methods, tools 
and strategies developed, and they serve as inspiration for input to these methods, tools and 
strategies, inserting experiences and ideas coming from the Roadshows. It is strongly linked to 
the City-zen method developed in Work Package 4, Task 2, using the same team to visit the 
Roadshow cities. 
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The main aim of the City-zen Roadshow is to support the city in question, in this case Sevilla, in 
its energy transition from fossil fuels to renewable sources, whilst improving the living 
conditions in the city. During the Roadshow all aspects of sustainability – ecological, social and 
economic – are taken in to account. The specific focus of the energy workshop is on the technical 
flows – energy, water and materials – with an obvious emphasis on energy. 
 
Stepped objectives of the energy workshop are: 
1. Creating a good overview of energy demand, supply and local potentials 
2. Converting energy usage to a carbon footprint 
3. Finding solutions to get to net zero-carbon developments 

§ Reduce the energy demand (urban planning, building design, appliances) 
§ Reuse waste energy (program, attune, exchange, store) 
§ Produce renewables (sun, wind, water, soil, air, biomass, humans) 

4. Involve solutions for non-building sectors: 
§ Transportation 
§ Waste (water) treatment 
§ Economic developments 

5. Calculate the carbon emissions reduced and remaining carbon footprint 
 
2.2.2 Methodology 
 

The methodology of the Roadshow Energy workshop is largely based on the City-zen 
Methodology (developed by Work Package 4, Task 2) – see figure 12 – in which, starting from 
the present situation (technical, spatial, political, social, economic) in a city, including the 
developments already started, a vision is created for a sustainable future, using scenario 
planning and inspiring examples, from whence the necessary roadmap can be defined, including 
essential projects along the way, fed by a catalogue of possible measures. 

 

 
 

Fig 12. Graphical explanation of the City-zen method – 
image by Siebe Broersma and Michiel Fremouw (City-zen WP4T2) 

 



City-zen – GA n° 608702   

DELIVERABLE D9.13 | PU Public 
p. 17 

The City-zen Roadshow itself has its own methodology, linked to MSc education and providing 
a very clear outline of the week the Roadshow team visits the city. This was already presented 
by the Roadshow coordinator, Prof. Craig Lee Martin. 
 
As with other Roadshows we started with an analysis of the local climate, energy infrastructure, 
consumption figures, energy sources, building methods, supported by excursions into the area 
studied. In the days after we worked on spatial, technical and functional solutions, repetitively 
assessing the impact on energy consumption, carbon emissions and socio-economic factors. For 
the energy approach we used the New Stepped Strategy (Figure 13): 1. Reduce, 2. Reuse, 3. 
Produce.  
Our intermediate results were shared and exchanged with the Urban Design workshop, led by 
Prof. Greg Keeffe, securing optimal attuning of both workshops. 

 

 
 

Fig. 13. The New Stepped Strategy and how we wanted to use it in Sevilla 
 
2.2.3 Key Outcomes – Sustainable City Vision  
 

From the climate analysis and forecasts based on climate change, Sevilla already has and will 
even have a greater heat and drought problem. At present-day the city’s summers tend to go 
beyond 40oC easily, a combined effect of the climate and urban heat island, and based on IPCC 
scenarios, temperatures will become unliveable in a few decades. Therefore, proper water 
management and cooling strategies are the biggest environmental challenges. 
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Fig. 14. The Guadalquivir river’s interrupted original course (left, Google Maps) and proposed 
water veins through the city (right, Roadshow Facilitators) 

 
We started with studying water, finding that water comes in gusts and stormwater is flushed 
towards the river quickly. Short periods of heavy rain are followed by long ones with drought. 
For flood protection, the Guadalquivir river was cut off from its original course in the past, 
creating a dead end into the city (Figure 14, left). First thing we proposed on the macro-scale, 
based on the city’s relief, was to bring river water into the city, creating cooling veins that could 
also serve functionally, for plants, fountains and other purposes (Figure 14, right). 

 

  
Fig. 15. Road cisterns for storm water (left) and how collected rain water can be used for 
buildings and green, and condensation water for plants on buildings (right) – image by 
Roadshow Facilitators 

 
At the scale of the district of Tiro de Línea, we proposed to collect all stormwater and store it in 
new cisterns under larger roads (Figure 15, left). Where possible, buildings could also use 
basements for water storage, but we understood few of the current buildings had basements. 
Therefore, the street storage is used for collection, storage and usage by plants and buildings 



City-zen – GA n° 608702   

DELIVERABLE D9.13 | PU Public 
p. 19 

(Figure 15, right). Since all water becomes urgent in the future, even condensation from air-
conditioning units could be collected for plants. 
At strategic places in Tiro de Línea we proposed water squares, where the storage of rain water 
would be combined with public functions, kids’ playgrounds and where ventilation and UV 
radiation from the sun could help to purify and disinfect the open water (Figure 16). 

 

 
 
Fig. 16. Water squares where water from the road cisterns comes to surface,  
positioned at strategic public places (see inset) – image by Roadshow Facilitators 
 
Regarding the energy transition of Tiro de Línea we studied the possibilities for energy renovation of 
existing buildings. Figure 17 (left) gives the basic principles that can be applied to the buildings: passive 
avoidance of undesired heating up only, wrapping up in post-insulation and window replacement, 
covering the building with PV (that also shades the building), green coverage. Which solution is most 
suited depends on the technical, spatial and financial boundary conditions. 
For the special condition of an east-west oriented building, a solar skin can be draped over the premise 
– vertical to east and west elevations, horizontal as an elevated tropical roof – producing a continuous 
flow of renewable energy throughout the day. 
The main remaining issue when opting for maximum solar energy production is electricity storage, to 
be solved with attuned daytime activities, electric vehicles, heat pumps charging heat and cold storage 
(see later), or simply: batteries. 
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Fig. 17. Energy renovation principles (left) and ‘PV porn’: the maximisation of solar power generation 
by a skin over the building, from east to west (right) –  sketches by Andy van den Dobbelsteen, exploded 
view by Álvaro Rodriguez García 
 
As hot and harsh as it seems, the Sevilla climate has a very favourable mean temperature, reflected in 
the soil’s almost constant temperature around 18oC during the year. This condition is perfect for 
cooling in summer and pre-heating in wintertime, for which several techniques can be used, passive 
and active (Figure 18). With an aquifer at 10 m deep, all principles can be applied. The horizontal soil 
collector however is least suited. 
 

 
Fig.18. Solutions to make optimal use of the soil’s favourable temperature: air ducts (with solar 
chimneys for the full passive solution), soil collectors with heat pump (horizontal and vertical), aquifer 
thermal heat and cold storage – sketch by Andy van den Dobbelsteen 
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Based on these soil energy principles, each building can be served, individually, collectively 
(managed by an energy service company), or communally (with a heat and cold grid in the 
district). See Figure 19. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 19. Soil energy solutions applied individually, collectively and communally –  
image by Roadshow Facilitators 

 
The application of vertical soil collectors is depicted in Figure 9, where a vast inner courtyard 
that now provides local climate solutions gets a new infill (see inset) with buildings that offer 
retail and that create extra shading in the neighbourhood. Furthermore, solar roofs, the road 
cistern and underground parking can be seen as solutions for other problems identified.  

 

 
 
Fig. 20. Detail of ‘El Corte Nuevo’, an infill plan with new retail and a sustainable energy system 
–  image by Roadshow Facilitators 

 
Dr. Leen Peeters made a calculation of the investment needed for a PV roof, green façade and 
heat pumps with boreholes for geothermal heat exchange. For a housing block these 
investments would sump up to an investment of € 10,783. Including annual energy costs for the 
heat pump and maintenance, a ten-year balance would be € 18,083. If an energy cooperative 
would sell the solar energy, heat and cold at € 0.15/kWh, in 10 years’ time, 120 MWh should be 
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sold. The yield is however such, that more than 20 years of energy use can be provided with it, 
making it a feasible solution when an energy cooperative is established. 
 
Another example of a sustainable infill is illustrated by Figure 21, where a green shaded garden 
provides a better public space than the current petrified surfaces. Energy measures can also be 
seen in the cross-section. 

 

 
 
Fig. 21. Image of ‘Rambla Verde’, an infill plan with a green shaded garden – 
 image by Roadshow Facilitators 

 
The final plan for the Tiro de Línea energy transition – including the transition in water 
management and green, and including an economic revival of the district – is summarised by 
Figure 22, depicting green connections, the water collection grid, energy hubs and energy 
renovation strategies.  

 

 
 

Fig. 22. Overview of Tiro de Línea Sostenible – image by Roadshow Facilitators 
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Figure 23 is a cross-section of Tiro de Línea Sostenible plan, showing vertical collectors with heat 
pumps, PV roofs, small wind turbines, green facades, a communal heat and cold storage with 
grid in the central area, and water cisterns and squares, amongst others. 

 

 
 

Fig. 23. Cross-section of Tiro de Línea, with all measures taken – sketch by Andy van den 
Dobbelsteen 

 
 
2.2.4 Experiences & Insights  
 

The Roadshow week in Sevilla proved a very interesting and effective one. The structural support 
from Roadshow facilitators, students who had done a SWAT Studio there 8 weeks ago, the 
presence of an interpreter (Jesús Cardona) and support from the University of Sevilla helped to 
get through a creative and productive process that otherwise would have been complicated. 
The boundary conditions were such that within the limited time-frame of 4 days (presenting the 
results on day 5), the city and the selected district could be visited, studied and provided with 
solutions over a wide range of aspects. And not the least: it could be demonstrated that a net 
zero-carbon plan is possible. At the end, all people attending the final presentation 
acknowledged the quality and importance of the work presented and they urged to get the 
strategies and ideas adopted by the municipality of Sevilla. Therefore, it was disappointing that 
no-one of the City proper could attend the presentation, due to another event we could have 
not foreseen. Nonetheless, we expect a follow-up action may be taken by invitation of the City, 
or as part of the City-zen Roadshow’s revisit programme. 
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2.3      ‘PERIPATETIC PATHWAYS’ PEOPLE & TECHNOLOGY (MINI-MASTERCLASS 

1 DAY 3 – AFTERNOON) 
 

by Dr. Han Vandevyvere, VITO, Belgium & Prof.Dr. Craig L. Martin 
 
‘Peripatetic’ definition - comes from the Greek word peripatētikos (from peripatein, meaning "to walk up and down"). It is 
associated with sharing knowledge whilst Aristotle walked with his guests. The covered walk in the Lyceum where Aristotle 
taught was known as the "peripatos" (which can either refer to the act of walking or a place for walking). 
 
 
2.3.1 Background 
 

The ‘Peripatetic Pathways’ component and associated masterclass are intended at involving 
local stakeholders in a deep-diving reflection on both technological and non-technological 
aspects of the transition to a 100% renewable (energy) system. The methodological background 
of this exercise is rooted in transition theory, however with a strong eye on the opportunities 
and challenges that come with technological development. 
 
The initial concept of the masterclass was an open seminar. This format has been used in Belfast, 
Izmir and Dubrovnik. It was however felt that the format could be made more interactive and 
effective, both in terms of involving local stakeholders and investigating the project area. 
Therefore, a walking tour through the project area and its thematically relevant surroundings 
was added at the previous Roadshow in Menorca and continued in Sevilla. For reasons of 
accessibility to local stakeholders, the languages of the tour were Spanish with English as a 
backup, while the presentation was translated in Spanish.  

 

     
 

Fig. 24. Concept of walk combined with discussion moments supported by presentation 
materials. Architect Jesús Cardona Pons collaborated once more in the tour, but translation to 
Spanish was not required this time as all participants could communicate in English.  
Nevertheless, and similar to the Menorca tour, his expertise in the field and his familiarity with 
the Spanish context were of great value for the discussions. 

 
2.3.2 Experiences & outcomes 
 

The walking tour followed a limited parcours, see  
Fig. 15, as the same participants had already performed an introductory walk through the study 
area on Monday (see  
Fig. 1 as well). 
The public (8 participants) consisted of staff from the University of Sevilla, Jesús Cardona and 
City-zen Roadshow experts. People from the local authority could not participate due to a 
conference for local authorities that took place during the same week, and which was hosted by 
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the city of Sevilla. The interactive walk was guided in tandem by Han Vandevyvere and Jesús 
Cardona. 
 
The tour focused on 4 aspects of sustainable urban development with a view on carbon 
neutrality: 
 
1. urban mobility and the dominance of the car in all areas of urban life; 
2. possible improvements in green infrastructures and water management; 
3. building retrofit versus renewable energy input: balancing the efforts; 
4. renewable energy versus the actual policies of the Spanish government and the role of big 

energy utilities. 
 
These focal points were selected on the basis of analyses from the SWAT studio and the first days of 
the Roadshow. Discussions focused on how to achieve radical rather than incremental change, while 
assuring that actions remain affordable from a financial point of view. 
 

 
 

Fig. 15. Itinerary of the introductory tour and walking tour for Sevilla. 
 
(1) Regarding mobility it was discussed how the system could be swapped from car based to 
truly sustainable. As of an example the Avenida de la Palmera was considered, see schemes in 
Figure 26. Such system could work with an extensive network of urban tram lines and feeder 
parkings at the borders of the city, as far as local train connections with the hinterland do not 
provide for sufficient access.  In this way a major factor of car pressure on the city centre could 
be taken away.   
 
Although Sevilla has become famous for its introduction of biking infrastructure, it becomes 
obvious that the potential for further modal switching is enormous.  The fact that the city has a 
flat topology and a backbone system of very wide urban avenues allows for much of that 
potential.  Biking lanes could be at least doubled or tripled in size, not only for increasing capacity 
but also for allowing people to ride side by side and have conversations, something that is 
virtually impossible in the current layout with narrow lanes. 
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Fig. 26. Swapping the mobility system towards sustainable modes, example for Avenida de la 
Palmera. Above: proposed scheme, under: actual situation. 

 
(2) Urban surfaces in Sevilla are remarkably desert-like, and water retention and infiltration 
occurs only to a very limited degree (see Figure 27 for an example).  Hence the potential for 
greening up the city and for additional water buffering (flash floods are famous for the region) 
is, once again, enormous. Examples of good practices from throughout Europe were presented 
and discussed. 

 

 
 

Fig. 27. Lack of green in urban space, impoverishing its social quality and adding up to the urban 
heat island. 

 
A particular point of attention were the public-private transition spaces, which are often poorly 
designed but are of major importance for the quality of urban space (see Figure 28).  This holds 
even more for Mediterranean contexts where much of the public life happens outside because 
of favourable climatic conditions. 
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Fig. 28. Poor versus rich urban transition spaces. The latter are very important for achieving a 
sustainable living style, particularly in Mediterranean cities as the climate stimulates much 
outdoor activity. 

 
(3) A limited heating demand as well as a fairly controllable cooling demand in buildings (2-3 hot 
months per year) make a perfect case for passive design measures and feasible urban retrofit 
options towards zero carbon functioning.  Urban greening would help to (drastically) reduce the 
urban heat island effect, as much of the actual urban surface in Sevilla is excessively petrified 
and so the potential for improvement substantial.  Building retrofit can be kept relatively simple 
and cheap when financing for deep retrofit (the preferred option) is not available, on the 
condition that there is a holistic urban strategy for managing the local climate conditions (e.g. 
reduction of the urban heat island). 
 
(4) As for Menorca, it became evident that reaching carbon neutrality or 100% renewable energy 
provision is a less daunting task in Sevilla than in many other parts of Europe, mainly due to the 
ample availability of sunlight and space for developing RE infrastructures. However, actual 
Spanish energy policies are not very favourable for the development of decentralized and 
citizen-based renewable energy production. It can only be hoped that the few energy 
cooperatives active in Spain can nevertheless set the tone for an energy transition in the real 
sense of the term, and force a breakthrough in the relative system status quo as it exists today. 

 
2.3.3 Insights & future development of the workshop 
 

Achieving a wide attendance to the tour was hampered by the local authority being fully 
occupied with hosting another event during the Roadshow week. These are factors that are 
beyond control of the Roadshow organization. We are indeed dependent on both the agenda 
and the priorities of local stakeholders, and can only offer opportunities within the best available 
time and context settings. 
Actual discussions during the tour were of high quality as all participants were motivated 
experts. Our main challenge thus remains wider access to the local community, beyond the 
interest of these domain experts. 
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2.4 ‘PACMAN, CARBON CRUNCHING’ – CARBON ACCOUNTING EXPLAINED (MINI-
MASTERCLASS 2, DAY 4 – AFTERNOON) 

 

Carbon accounting and carbon mitigation strategy of the City-Zen Roadshow in Sevilla 
Leader: Dr. Riccardo M. Pulselli, University of Siena, Italy 
 
 
2.4.1 Carbon Accounting of the Barrio Tiro De Línea 
 

The procedure of greenhouse gas inventory performed during the City-Zen Roadshow has been 
based on a simplified assessment as a mediate model to address choices. Even though the 
carbon accounting has been performed in two working days and presents some assumption and 
approximation (it would require a more detailed inventory and careful review), results are 
credible and realistic. The assessment has been performed on different reference scales, from 
the provincial level to the single household (until the individual citizen) taking into account four 
main sectors of activities: housing, mobility, waste management and water management. The 
carbon accounting process was performed as in a sequence of steps in order to provide a 
comprehensive assessment of the state of the art. 

 
Selection/assessment of Emission Factors: most of the Emission Factors (EF: kg CO2-eq/unit) 
used in the assessment are taken from the 2006 IPCC guidelines, except for electricity. 
Considering the crucial role of electricity use in energy policies, the specific EF was assessed as 
a first step for the Andalusian region, based on the regional electricity grid mix i.e. 22.9% natural 
gas, 41.8% coal, 1.5% combustive oil and others, 30.8% renewables (total electricity production: 
83 TWh/yr). The emission factor for electricity in Andalucía assessed and used during the 
roadshow is 0.534 kg CO2-eq/kWh.  

 
Greenhouse gas inventory of the Province of Sevilla: most of data was available at the provincial 
level, mainly referring to the Agencia Andaluza de la Energia. Figure 29 shows a graphic-table 
with main statistical data and the value of Carbon Emission in kg CO2-eq per sector of activity. 
Figure 30 shows the Carbon Footprint for the Province of Sevilla given in t CO2-eq and hectares 
of forestland grabbing, the latter being the equivalent surface of forest that would be needed 
to absorb all of the carbon emissions. The available forestland in the province actually 
compensates almost the 70% of the total emission by carbon uptake. 
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Fig. 29. Graphic-table with raw-data and carbon accounting for the Province of Sevilla. 
 

 
 
Fig. 30. Outcomes from the greenhouse gas inventory of the Province of Sevilla including 
emissions in tonne of CO2-eq/yr, forestland grabbing and available forestland (70% carbon 
footprint offset). 

 
Household profile in the Barrio Tiro de Linea (District Sur): in order to assess the carbon footprint 
of the Tiro de Linea neighbourhood, different approaches were followed: data on energy use in 
the residential sectors were scaled down from the provincial level based on population and 
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number of families/households (on average 2.6 inhabitants per family/household in Sevilla 
District Sur; Ref. Anuario Estatistico de la Ciudad de Sevilla). The final outcome was anyhow 
compared to a set of publications with existing data on building energy demand in Sevilla in 
order to validate the estimate. Data on mobility was estimated based on the average commuting 
distance in the neighbourhood and private cars use (1.06 car/family in District Sur) based on a 
survey by the University of Sevilla. Data on waste was estimated starting from the waste 
production per capita (449 kg/yr per cap in the province) and the current waste management 
system (the differentiated rates look good). Water management is estimated based on water 
use per capita (112 L/day per cap). 
 
The carbon accounting shows 5.25 t CO2-eq/yr per household, including energy, mobility, waste 
and water management, which is below the European average of 5.60 t CO2-eq/yr. This is mainly 
due to a very low energy demand for heating despite the high electricity demand for cooling in 
summer and the use of private cars for commuting. Figure 3 shows main data and carbon 
footprint per sector per single household in Sevilla District Sur. The impact of a single household 
can be potentially compensated by the carbon uptake of 0.39 ha forestland. This corresponds 
to the size of a football field. 

 

 
 

Fig. 31. Carbon Footprint per household in Sevilla District SUR. 
 

Starting from the Carbon Footprint of one single household, assumed as average for the Barrio 
Tiro de Línea, the greenhouse gas emission was estimated for the 5364 households in the 
neighbourhood. Given due assumptions and approximations, the Carbon Footprint of the 
neighbourhood is about 20,000 t CO2-eq/yr, which corresponds with an equivalent forestland of 
more than 2000 hectares. Figure 32 shows the forestland grabbing in a map compared to the 
size of the neighbourhood (same reference scale). Colours in the map show the contribution of 
different sectors.  
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Fig. 32. Representation in terms of equivalent forestland grabbing of the Carbon Footprint of 
the Barrio Tiro de Línea. 

 
The assessments and representations above were presented and discussed with local 
facilitators, researchers and stakeholders during the mini-masterclass of Wednesday the 22nd, 
as the state of the art, the starting-point for the city-zen roadshow and the challenge to be faced. 
The assessment concerned impacts at different scales, from that of the Province (given the 
availability of statistical data) to those of the single household and the neighbourhood.  
 
During the class, an exercise was also conducted by assessing the specific footprint of some 
volunteers in the audience. The experiment demonstrated that small behavioural changes in 
everyday life by individual citizens can provide relevant effects in terms of carbon footprint 
mitigation. The replacement of the old lamps in the house with led lamps, efficient cooling and 
heating systems, the use of bikes and public transport instead of private cars, as well as the 
differentiated collection of waste, are among actions to start the transition process to zero-
carbon communities.  

 
3.4.2 Carbon mitigation effect of a set of measures to be implemented in the Barrio Tiro de Línea 
 

The carbon accounting method developed during roadshows works as a mediate model that 
offers the opportunity to quickly figure out an integrated vision of the city of the future 
combining technologies with other measures at the scales of the neighbourhood, households 
and individual citizens. Here, the main objective is to provide a visual representation of the 
impact of the neighbourhood in terms of equivalent forestland and see how the designed 
measures can contribute to decrease the Carbon Footprint towards a zero-carbon community.  
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Figure 33 shows the effect of a possible sequence of 14 measures selected among the designed 
solutions: 

 
- Passive systems: greening, shading, low emission paint (20% houses hypothesized). 

Expected effect: -50% cooling energy (-1700 MWh). 
- Thermal insulation: roof/facade retrofitting (30% houses). Expected effect: -50% cooling 

energy (-2500 MWh); -75% heating energy (-1450 MWh). 
- Behavioural changes: LED lights, air conditioning (80% houses). Expected effect: -50% 

electric lighting (-2400 MWh). 
-  Heat pump (household scale): (30% houses). Expected effect: -75% heating (-1500 MWh); 

-75% DHW (-1400 MWh); +20% electricity (+360 MWh). 
- Heat pump (neighbourhood scale): (60% houses). Expected effect: -75% heating (-3000 

MWh); -75% DHW (-2800 MWh); +20% electricity (+720 MWh). 
- PV panels (building block scale): (30% houses). Expected effect: -100% electricity (-7000 

MWh). 
- Electric bike sharing: (-15% private car use). Effect: -100% fuel; +20% electricity for 

appliances. 
- Bike to school/work: (-30% private car use). Effect: -100% fuel. 
- Electric car recharger station: (10% electric cars). Effect: -100% fuel; +40% electricity for 

appliances. 
- PV panels sharing (neighbourhood scale): (40% houses). Effect: -100% electricity (-10000 

MWh). 
- Tram line (district Sur scale): (-40% private car use). Effect: -100% fuels. 
- Differentiated waste: (100% house). Effect: -70% waste-to-landfill. 
- Differentiated waste (avoided landfill): (100% house). Effect: -100% waste-to-landfill. 
- Existing parks, New green assets, Renewable Energy surplus (neighbourhood scale). 
 
The Carbon Accounting mediate model, developed to be easily and quickly implemented, 
provides a reliable ex-ante evaluation of measures that can be designed and implemented at 
the scale of the neighbourhood, buildings or single households as well as individual citizens. It 
provides quantitative information and visual representations, to support design and raise 
awareness.  
 
For increasing attractiveness, the graphic representation simulates the 1980s’ Pacman game, 
but in this case Carbon Pacman eats squares of forestland (25 hectares each) due to energy 
saving, renewable energy production or other emissions avoided. As far as additional energy 
inputs are required, the ghost appears to add new squares, for example when the use of heat 
pumps support the heating demand through renewable energy by using electricity (Carbon 
Pacman eats orange squares but new blue squares appear) or in case of a transition to electric 
mobility (Carbon Pacman eats purple squares but new blue squares appear). A consistent 
electricity generation from renewable sources can contribute to support the electricity demand 
and let Carbon Pacman move forwards.  
 
The carbon mitigation accounting and its representation through the Carbon Pacman game have 
been developed as a communication tool to allow the audience understand that, based on a 
collective and participative process, zero-carbon cities are an achievable goal in the medium 
term.  
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Fig.33. Sequence of Carbon Footprint mitigation measures through the Carbon Pacman game. 
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3   SUSTAINABLE  C ITY  V IS ION  

3.4 FINAL DAY (THE ESCUELA TECNICA SUPERIOR DE INGENIERÍA DE EDIFICACIÓN  
UNIVERSIDAD DE SEVILLA). 

The final day of the Sevilla Roadshow took place in the Escuela Tecnica Superior de Ingeniería de 
Edificación at the Universidad de Sevilla on the 24th of November 2017. The final ‘Sustainable City 
Vision’ was presented to an audience comprising the city’s Municipality leader’s, members of the 
Universidad de Sevilla, professionals, students and citizens. Universidad de Sevilla Leaders together 
with Faculty Professor Madelyn Marrero Melendez began the Roadshow proceedings and introduced 
the Roadshow team to the audience. 
 

 
 
Fig. 34. The final presentation (Day 5) of the City-zen ‘Sevilla’ Roadshow. The culmination of the 5-day 
Roadshow was hosted by the Universidad de Sevilla.  
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Fig. 35. The Co-creative ‘Hard-core’ Sevilla Roadshow Team. 
 
The final day of the Sevilla Roadshow took the form of five integrated presentations. The first briefly 
outlined the overall objectives, ambitions, format and activities completed during the week. The 
second and third components composed the major body of the ‘City Vision’, these being the ‘Energy’ 
workshop presentation, a complementary quantitative approach focused on energy strategies, 
scenarios and carbon offsetting measures at overlapping scales. The ‘Future Neighbourhoods’ 
workshop, more qualitative in nature, including urban planning intervention proposals at the façade, 
building and neighbourhood and city scale, together with spatial, social and guidelines. These elements 
would be brought together by urban observations instigated by the walking event and in-depth Carbon 
investigations that graphically demonstrated how the city would reach zero-carbon by implementing 
the variously scaled interventions outlined earlier in the presentation.  
 
The project recently became an example of European Commission ‘Best Practice’. The Roadshow 
continues to build upon previous experiences and looks forward to future visits to Roeselare (Belgium), 
Preston (United Kingdom), Nicosia (Cyprus) and Amersfoort (the Netherlands). The EC has granted an 
extension to the project with 2 additional Roadshow cities, making 10 in total by 2019. Further 
additions to the budget now allows Building Technology students from TU Delft to be invited to the 
Roadshow as ‘Workshop Facilitators’. A move giving our young professionals a unique opportunity to 
experience live city design challenges and to develop the skills necessary to respond to them.  
 
The key to success has been to identify, reach and gain the trust of city inhabitants and ‘decision 
makers’. To achieve this, an exchange of knowledge, experience and commitment continues to be 
crucial. The Roadshow will continue to develop and implement innovative methods that increase city 
engagement, awareness and understanding of the solutions needed to counter climate change, 
become carbon neutral and make cities happier and healthier places to live.      
 

3.5 THE PRESENTATION 

The ‘City Vision’ presentation (Roadshow findings) presented at the Escuela Tecnica Superior de 
Ingeniería de Edificación at the Universidad de Sevilla on the 24th November 2017 is visible hereafter. 
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CITY-ZEN
ROADSHOW
‘SEVILLA’

20th – 24th 
NOV
2017

DAY 1 
(MON)

TECNOLOGÍAS FUTURAS
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TECNOLOGÍAS FUTURAS
DAY 1 
(MON)

DAYS 
2 - 4

PARALLEL TALLERS
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DAYS 
2 - 4

PARALLEL TALLERS

DAYS 
2 - 4

PARALLEL TALLERS
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DAY 3
(WED)

JUEGO SERIO ‘Go2Zero’

JUEGO SERIO ‘Go2Zero’
DAY 3
(WED)
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SEVILLA: UNA CIUDAD DE BAJAS EMISIONES!
DAY 3
(WED)

WALKING TOUR
DAY 3
(WED)
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WALKING TOUR
DAY 3
(WED)

DAY 4
(THUR)

PARALLEL TALLERS
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DAY 5
(FRI)VISIÓN 

SEVILLA 
SOSTENIBLE

Unit kg CO2eq and the GLOBAL WARMING Potential
GWP100 :    CO2 = 1 ;   CH4 = 34 ;   N2O = 298 
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ANDALUCIA (2015)

ELECTRICITY EMISSION FACTOR
(LCA based)

0.534 kg CO2eq/kWh

Electricity production   83.0 TWh

THERMO-ELECTRICITY  54.98 TWh (66.2%) 
Natural gas 19.0 TWh (22.9%) 
Coal 34.70 TWh (41.8%) 
Oil and others 1.28 TWh (1.5%) 

RENEWABLE  27.98 TWh (30.8%) 
Solar thermal 13.70 TWh (16.5%)
Solar PV 1.60 TWh (1.9%) 
Hydro 0.59 TWh (0.6%) 
Wind 6.39 TWh (6.2%) 
Biomass  5.70 TWh (5.6%)
Geothermal  –
Biofuel & Waste –

CARBON ACCOUNTING
ELECTRICITY EMISSION FACTOR

Source:	Agencia Andaluza de	la	Energìa

RESIDENTIAL ENERGY 1,945,729 t	CO2eq/yr
Electricity 3,223.84 GWh/yr

Natural gas 345.41 GWh/yr

Diesel 182.59 GWh/yr

LGP 650.12 GWh/yr

Biomass +	thermosolar 594.29 GWh/yr

CARBON ACCOUNTING
CARBON FOOTPRINT ASSESSMENT OF THE PROVINCE OF SEVILLA

SERVICES 1,282,478 t	CO2eq/yr
Electricity 2,329.49 GWh/yr

Natural gas 252.37 GWh/yr

Diesel 36.05 GWh/yr

LPG 13.06 GWh/yr

Biomas+Biogas 124.44 GWh/yr

INDUSTRIAL ENERGY 1,360,389 t	CO2eq/yr

Electricity 1,600.29 GWh/yr

Coal 8.14 GWh/yr

Natural gas 1,761.95 GWh/yr

Diesel 24.42 GWh/yr

LPG 58.15 GWh/yr

Petroleum 909.47 GWh/yr

biomas+biogas 377.98 GWh/yr

PRIMARY	SECTOR 551,995 t	CO2eq/yr
Electricity 282.61 GWh/yr

Natural	gas 143.05 GWh/yr

Diesel 1,337.45 GWh/yr

LPG 6.98 GWh/yr

Biodiesel+Bioethanol 73.27 GWh/yr

MOBILITY 2,910,884 t	CO2eq/yr
Electricity 79.08 GWh/yr

Diesel 7,572.29 GWh/yr

Fuels 3,230.82 GWh/yr

WASTE	MANAGEMENT 210,981 t	CO2eq/yr
Collected	quantity 871,725 t/yr

Waste	to	landfill 155,952 t/yr

Composting 330,514 t/yr

WATER	
MANAGEMENT

46,430 t	CO2eq/yr

Water	use 79,367,702 m3/yrSource:	Agencia Andaluza de	la	Energìa
Source:	Anuario Estatistico de	la	Ciudad	de	Sevilla	



9

CARBON ACCOUNTING

CARBON	FOOTPRINT
8,308,886	t	CO2eq/yr

FORESTLAND	GRABBING
6155	km2 forestland

existing forestland
4220	km2 forest i.e.	70%

Sevilla	Province
14,036	km2

Housing 23%
Services	 15%
Primary sector 7%
Industry (energy use) 16%
Transport (includes flights) 35%
Waste	management	 3%
Water	management 1%

CARBON FOOTPRINT ASSESSMENT OF THE PROVINCE OF SEVILLA

CARBON	ACCOUNTING
HOUSEHOLD	PROFILE
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SEVILLA	HOUSEHOLD	(DISTRICT	SUR)

CARBON	FOOTPRINT
5.25	t	CO2eq/yr

Avg inhab. 2.6 n.

Gross floor surface 70 m2

MOBILITY 2,307.9 kg	CO2eq

Driven km/house 6,410 Km/yr

WASTE	MANAGEMENT 284.5 kg	CO2eq

Waste	per	household 1162.9 kg/yr

Waste to	energy 0.4 %

Waste	to	landfill 17.9 %

Organic waste	 37.9 %

Recicled 44.2 %

WATER MANAGEMENT 61.9 kg	CO2eq

Water	use	per	household 106 m3/yr

44%

1.2%

5.04	t	CO2eq/yr

5.92	t	CO2eq/yr

5.70	t	CO2eq/yr

CARBON ACCOUNTING
CARBON FOOTPRINT ASSESSMENT OF THE AVG. HOUSEHOLD IN SEVILLA (DISTRICT SUR) 

9.40	t	CO2eq/yr

5.60	t	CO2eq/yr

ENERGY	DEMAND 2,591 kg	CO2eq

E	- Cooling 3,177 kWhe/m2	

E	- Lighting &	appliances 1,116 kWhe/m2

H	– Heating (energy mix) 1,204 kWhe/m2

H	– DHW	(energy mix) 1,157 kWhh/m2

49,4%

4,293	kWhe/yr

2,360	kWhh/yr

5.4%
i.e.	449	kg/cap

i.e.	112	L/day cap

8.50	t	CO2eq/yr
i.e.	30	km/car	day
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The	carbon	footprint offset	of	one household
is equivalent to	0.39	ha	forestland

SEVILLA	HOUSEHOLD

CARBON ACCOUNTING 

Ref:	2014-2015
People:	2.6	inhab./house
Avg surface:	70	m2/house
Electricity:	4293	kWh/yr
Heat:	1204	kWh/yr
(mix:	19%	CH4,	10%	diesel,	37%	LPG,	34%	RES)
Mobility:	30	km/day x	1.06	car/house
Waste:	1.16	t/house yr
Water:	106	m3/house yr

CARBON FOOTPRINT ASSESSMENT OF THE AVG. HOUSEHOLD IN SEVILLA (DISTRICT SUR) 

Source:	Agencia Andaluza de	la	Energìa;		Anuario Estatistico de	la	Ciudad	de	Sevilla	2017
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CARBON	ACCOUNTING
NEIGHBOURHOOD

1	km

BARRIO	TIRO	DE	LINEA	
14,000	inhabitants;	5364	households

What is the	impact	of	the	Barrio Tiro	de	Linea?	
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25ha

1	km

BARRIO	TIRO	DE	LINEA	
14,000	inhabitants;	5364	households

Carbon	Footprint:	28,136	t	CO2-eq
Forestland grabbing:	2084	ha

25ha

1	km

BARRIO	TIRO	DE	LINEA	
14,000	inhabitants;	5364	households

Carbon	Footprint:	28,136	t	CO2-eq
Forestland grabbing:	2084	ha

ELECTRICITY 12700 MWh

HEAT ENERGY 23000 MWh

MOBILITY 34400 km/house yr

WASTE 6240 t (1160 kg/house)

WATER 568,000 m3 (106 m3/house)

12205 t CO2-eq; 904ha forestland

1694 t CO2-eq; 125ha forestland

12380 t CO2-eq; 917ha forestland

1526 t CO2-eq; 113ha forestland

332 t CO2-eq; 25ha forestland
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IMAGINE YOUR CITY

TAPPING INTO THE POTENTIAL
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MOVIENDO

Copenhague	expertos	en	movilidad:
Si	dejas	el	espacio	para	conducir	en	coche,	
la	gente	usará	el	coche
Si	dejas	el	espacio	para	ir	en	bicicleta,	
la	gente	usará	la	bicicleta
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peatones,	bici coches buses (travías)

peatones bici bicipeatones peatonescochespeatonestranvías (buses)coches
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MOVIENDO

Manuel Calvo @ The Guardian

GREEN HEROS



17

Huerta del Rey Moro

GREEN HEROS

GREEN HEROS
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TIRO DE LÍNEA

TIRO DE LÍNEA
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TIRO DE LÍNEA

GREEN HEROS CTUED
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NEVERTHELESS

NEVERTHELESS
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NEVERTHELESS

NEVERTHELESS
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DISRUPTIVE CHANGE

Equipa Urbanista
City-zen roadie
§ Prof. Greg Keeffe (Queens University Belfast)

Interpreter and guest roadie
§ Jesús Cardona (Nontropía)

Student facilitators
§ Dora Vancsó (TU Delft)
§ Laura Solarino (TU Delft)
§ Antigoni Karaiskou (TU Delft)
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Equipa Energetica
City-zen roadies
§ Prof. Andy van den Dobbelsteen (TU Delft)
§ Dr. Riccardo Pulselli (Universitá di Siena)
§ Matteo Maccanti (Universitá di Siena)
§ Dr. Han Vandevyvere (EnergyVille)
§ Dr. Leen Peeters (Think!E)

Student facilitators
§ Eva Farrugia (TU Delft)
§ Michael Cobb (TU Delft)
§ Álvaro Rodriguez García (TU Delft)

CITY-ZEN ROADMAPPING SCHEME
[City-zen WP4T2 team, image by Siebe Broersma and Michiel Fremouw, TU Delft]
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What does the sustainable city look like in 2050?

Hammarby Sjöstad, Stockholm

Aims of the Roadshow energy studio
Main aim: to support Sevilla in its energy transition from fossil fuels to renewable sources

Stepped objectives

1. Creating a good overview of energy demand, supply and local potentials

2. Converting energy usage to a carbon footprint

3. Finding solutions to get to net zero-carbon developments
§ Reduce the energy demand (urban planning, building design, appliances)
§ Reuse waste energy (program, attune, exchange, store)
§ Produce renewables (sun, wind, water, soil, air, biomass, humans)

4. Involve solutions for non-building sectors:
§ Transportation
§ Waste (water) treatment
§ Economic developments

5. Calculate the carbon emissions reduced and remaining carbon footprint
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Climate data

Source: ClimateConsultant / IWEC Data

Conclusion: mean temperature ≈ 18oC à soil perfect for cooling/pre-heating

Water – Guadalquivir & Sevilla

What is happening here?
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Tiro de Línea
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Tiro de Línea
Water infra
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Water – green – energy hubs

Kronsberg Grenoble

Bad Langensalza Malmö
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Herrera-Gomez S., Quevedo-Nolasco A., Pérez-Urrestarazu L. (2017); The role of green roofs in climate change 
mitigation - A case study in Seville (Spain); Building and Environment 123, p. 575-584

Urban Heat Island: Normalised Difference Vegetation Index

Herrera-Gomez S., Quevedo-Nolasco A., Pérez-Urrestarazu L. (2017); The role of green roofs in climate change 
mitigation - A case study in Seville (Spain); Building and Environment 123, p. 575-584

Percentage of green roofs needed due to climate change
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Norton	A.	et	al.	(2015);	Planning	for	cooler	cities:	A	framework	to	prioritise green	infrastructure	to	mitigate	
high	temperatures	in	urban	landscapes;	Landscape	and	Urban	Planning	134,	p.	127–138

Different green solutions for different street sections

Norton	A.	et	al.	(2015);	Planning	for	cooler	cities:	A	framework	to	prioritise green	infrastructure	to	mitigate	high	
temperatures	in	urban	landscapes;	Landscape	and	Urban	Planning	134,	p.	127–138

Percentage of street shaded with different height/widths
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Norton	A.	et	al.	(2015);	Planning	for	cooler	cities:	A	framework	to	prioritise green	infrastructure	to	mitigate	high	
temperatures	in	urban	landscapes;	Landscape	and	Urban	Planning	134,	p.	127–138

Streets in danger of overheating

Tiro de Línea
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New Stepped Strategy for energy-positive (re) design
1. Reduce the demand

a) Smart bioclimatic design
b) Energy-efficient appliances

2. Reuse waste energy
a) Recover heat/cold from exhaust air and waste water (buildings)
b) Attune urban functions programmatically (neighbourhoods)
c) Exchange heat, cold and electricity (neighbourhoods)
d) Store heat, cold and electricity (neighbourhoods-districts)
e) Use industrial waste heat (city)

3. Produce renewable energy
a) Solar
b) Wind
c) Water
d) Air
e) Geothermal
f) Biomass
g) Human
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Typical facades and roofs

[Gobierno de España/IDAE; Escala de calificación energética – Edificios existentes; Madrid, 2011]

Energy renovation options
§ Minimal
– Simple & cheap
– Saves most cooling needs

§ Wrap up
– More extensive & expensive
– Saves a lot of cooling and heating needs

§ Solar skin
– Technical solution
– Reduces most cooling needs
– Produces a lot of electricity

§ Green veil
– Green solution
– Reduces most cooling needs and saves heating
– Combined with PV roof: produces electricity

§ Combination of all 4 possible
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PV porn
§ PV shell over the building, East to West
– Catches sun in the morning, afternoon, evening
– Continuous production during the day
– Estimated yield with a 20x10x12 m block: 64 MWh

§ Main issue: electricity storage
– Daytime domestic activities
– Central battery storage
– Electric vehicles
– Heat pump charging the heat/cold storage
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Soil energy options – from passive to active
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PV:	4.2	kW/flat		à 4200	€

PV:	4.2	kW/flat		à 4200	€

Green:	4000	€/	housing	block
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PV:	4.2	kW/flat		à 4200	€

Borehole:	1250	€	/flat
Heat	pump	&	tubing:	4000	€	/flat

Green:	4000	€/	housing	block

PV:	4.2	kW/flat		à 4200	€

Borehole:	1250	€	/flat
Heat	pump	&	tubing:	4000	€	/flat

à Investment	4200	€	+	(4000	€)/3	+	1250	€	+	4000	€	=	10	783	€
à Annual	energy	cost	630	€
à Annual	maintenance	100	€

à 10	year	balance:		18	083	€

Green:	4000	€/	housing	block
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PV:	4.2	kW/flat		à 4200	€

Borehole:	1250	€	/flat	
Heat	pump	&	tubing:	4000	€	/flat

à ENERGY	COOPERATIVE
à Sells	heat,	cold	and	electricity	@	0.15 €	/kWh	
à 10	year	balance:		18	083	€		à 120	553	kWh

Green:	4000	€/	housing	block

PV:	4.2	kW/flat		à 4200	€

à ENERGY	COOPERATIVE
à Sells	heat,	cold	and	electricity	@	0.15 €	/kWh	
à 10	year	balance:		18	083	€		à 120	553	kWh	>	20	years	energy	use

>	life-time	of	equipment

Green:	4000	€/	housing	block

Borehole:	1250	€	/flat	
Heat	pump	&	tubing:	4000	€	/flat
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Trash on the streets Mierda…

An energy cooperative could involve waste processing
§ Collection of waste

§ Repair and reuse

§ Recycling

§ Digestion of organic waste

§ Production of biogas for restaurants
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Tiro de Línea sostenible
§ Rainwater collection and usage

§ Green infrastructure

§ Energy renovation of buildings

§ Energy cooperations that serve energy hubs

§ Clean waste management

§ Sustainable mobility: bikes and electric cars

El Corte Nuevo
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El Corte Nuevo detail

Plaza de Aguas
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Plaza de Aguas detail

Rambla verde
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Tiro de Línea sostenible

Professor Greg 
Keeffe

Head of School
Natural and Built 
Environment

Queens University
Belfast.

Dora Vancso
Laura Solarino
Antigoni Karaiskou
TU Delft

’Dream no small dreams for they 
have no power to move the hearts of 
men….‘   Von Goethe
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Barrios 
urbanism

Barrios 
urbanism
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Over-roaded
Urbanism

How big is big 
enough!
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Unpacked 
Green

Hard edge 
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City desire line

Permeable/non-
permeable 
space
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Cars cars and 
more cars

Surveyed and 
non-surveyed 
space
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Over-
centralised 
space

Over-scaled 
external space
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Correctly 
proportioned 
space

Correctly 
proportioned 
space

Year Average 
Temp

Average 
High

Maximum 
Temp

2017 19.4 35 45

2070 24 45 55

Seville Climate Projections. UK Met Office

Climate similar to Dubai by 2070
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Perforated 
urbanism

Perforated 
urbanism
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Unpack the 
neighbourhood

Unpack the 
neighbourhood
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Unpack the 
neighbourhood

Unpack the 
neighbourhood
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Unpack green 
space – make 
oases

Unpack green 
space – make 
oases
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Unpack green 
space – make 
oases

Densify urban 
space – create 
shade
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Densify urban 
space – create 
shade

Make small 
green routes
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Make small 
green routes

Unpack green 
space – make 
oases
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Unpack green 
space – make 
oases

Reclaim the 
street – with 
car-share!
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Reclaim the 
street – with 
car-share!

Reclaim the 
street – with 
car-share!
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Reclaim the 
street – with 
car-share!

Reclaim the 
street – with 
car-share!
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Bike-friendly 
routes go 
through the 
neighbourhood

Repack the 
neighbourhood



65

Unpacking the 
market makes 
new exciting 
public space

Unpacking the 
market makes 
new exciting 
public space
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Unpacking the 
market makes 
new exciting 
public space

Unpacking the 
market makes 
new exciting 
public space
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Unpacking the 
market makes 
new exciting 
public space

To conclude
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Unpacking the 
market makes 
new exciting 
public space

Unpacking the 
market makes 
new exciting 
public space
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Unpacking the 
market makes 
new exciting 
public space
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CARBON	FOOTPRINT	MITIGATION	MEASURES

ELECTRICITY 12700 MWh

HEAT ENERGY 23000 MWh

MOBILITY 34400 km/house yr

WASTE 6240 t (1160 kg/house)

WATER 568,000 m3 (106 m3/house)

BARRIO	TIRO	DE	LINEA	
14,000	inhabitants;	5364	households

Pacman
is coming…

25ha
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ELECTRICITY 12700 MWh

HEAT ENERGY 23000 MWh

MOBILITY 34400 km/house yr

WASTE 6240 t (1160 kg/house)

WATER 568,000 m3 (106 m3/house)

BARRIO	TIRO	DE	LINEA	
14,000	inhabitants;	5364	households

25ha

PASSIVE	SYSTEMS
greening,	shading,	low	
emission	paint
(20%	houses)
-50%	cooling	(-1700MWh)

ELECTRICITY 12700 MWh

HEAT ENERGY 23000 MWh

MOBILITY 34400 km/house yr

WASTE 6240 t (1160 kg/house)

WATER 568,000 m3 (106 m3/house)

BARRIO	TIRO	DE	LINEA	
14,000	inhabitants;	5364	households

25ha

THERMAL	INSULATION
roof/facade	retrofitting
(30%	houses)
-50%	cooling	(-2500	MWh)
-75%	heating	(-1450	MWh)
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ELECTRICITY 12700 MWh

HEAT ENERGY 23000 MWh

MOBILITY 34400 km/house yr

WASTE 6240 t (1160 kg/house)

WATER 568,000 m3 (106 m3/house)

BARRIO	TIRO	DE	LINEA	
14,000	inhabitants;	5364	households

25ha

Behavioural	changes
LED	lights,	air	conditioning
(80%	houses)
-50%	electric	lighting	
(-2400	MWh)

ELECTRICITY 12700 MWh

HEAT ENERGY 23000 MWh

MOBILITY 34400 km/house yr

WASTE 6240 t (1160 kg/house)

WATER 568,000 m3 (106 m3/house)

BARRIO	TIRO	DE	LINEA	
14,000	inhabitants;	5364	households

25ha

HEAT	PUMP
(household	scale)
(30%	houses)
-75%	heating	(-1500	MWh)
-75%	DHW	(-1400	MWh)
+20%	electricity	(+360	MWh)
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ELECTRICITY 12700 MWh

HEAT ENERGY 23000 MWh

MOBILITY 34400 km/house yr

WASTE 6240 t (1160 kg/house)

WATER 568,000 m3 (106 m3/house)

BARRIO	TIRO	DE	LINEA	
14,000	inhabitants;	5364	households

25ha

HEAT	PUMP	
(neighbourhood	scale)
(60%	houses)
-75%	heating	(-3000	MWh)
-75%	DHW	(-2800	MWh)
+20%	electricity	(+720	MWh)

ELECTRICITY 12700 MWh

HEAT ENERGY 23000 MWh

MOBILITY 34400 km/house yr

WASTE 6240 t (1160 kg/house)

WATER 568,000 m3 (106 m3/house)

BARRIO	TIRO	DE	LINEA	
14,000	inhabitants;	5364	households

25ha

PV	panels
(building	block	scale)
(30%	houses)
-100%	electricity	(-7000	MWh)
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ELECTRICITY 12700 MWh

HEAT ENERGY 23000 MWh

MOBILITY 34400 km/house yr

WASTE 6240 t (1160 kg/house)

WATER 568,000 m3 (106 m3/house)

BARRIO	TIRO	DE	LINEA	
14,000	inhabitants;	5364	households

25ha

Electric	bike	sharing
(-15%	private	car	use)
-100%	fuel
+20%	electricity	for	appliances

ELECTRICITY 12700 MWh

HEAT ENERGY 23000 MWh

MOBILITY 34400 km/house yr

WASTE 6240 t (1160 kg/house)

WATER 568,000 m3 (106 m3/house)

BARRIO	TIRO	DE	LINEA	
14,000	inhabitants;	5364	households

25ha

Bike	to	school/work
(-30%	private	car	use)
-100%	fuel
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ELECTRICITY 12700 MWh

HEAT ENERGY 23000 MWh

MOBILITY 34400 km/house yr

WASTE 6240 t (1160 kg/house)

WATER 568,000 m3 (106 m3/house)

BARRIO	TIRO	DE	LINEA	
14,000	inhabitants;	5364	households

25ha

Electric	car	recharger	station
(10%	electric	cars)
-100%	fuel
+40%	electricity	for	appliances

ELECTRICITY 12700 MWh

HEAT ENERGY 23000 MWh

MOBILITY 34400 km/house yr

WASTE 6240 t (1160 kg/house)

WATER 568,000 m3 (106 m3/house)

BARRIO	TIRO	DE	LINEA	
14,000	inhabitants;	5364	households

25ha

PV	panels	sharing
(neighbourhood	scale)
(40%	houses)
-100%	electricity (-10000	MWh)
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ELECTRICITY 12700 MWh

HEAT ENERGY 23000 MWh

MOBILITY 34400 km/house yr

WASTE 6240 t (1160 kg/house)

WATER 568,000 m3 (106 m3/house)

BARRIO	TIRO	DE	LINEA	
14,000	inhabitants;	5364	households

25ha

Tram	line
(district	Sur	scale)
(-40%	private	car	use)
-100%	fuels

ELECTRICITY 12700 MWh

HEAT ENERGY 23000 MWh

MOBILITY 34400 km/house yr

WASTE 6240 t (1160 kg/house)

WATER 568,000 m3 (106 m3/house)

BARRIO	TIRO	DE	LINEA	
14,000	inhabitants;	5364	households

25ha

Differentiated	waste	
(100%	house)
-70%	waste-to-landfill
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ELECTRICITY 12700 MWh

HEAT ENERGY 23000 MWh

MOBILITY 34400 km/house yr

WASTE 6240 t (1160 kg/house)

WATER 568,000 m3 (106 m3/house)

BARRIO	TIRO	DE	LINEA	
14,000	inhabitants;	5364	households

25ha

Differentiated	waste	
(avoided	landfill)
(100%	house)
-100%	waste-to-landfill

ELECTRICITY 12700 MWh

HEAT ENERGY 23000 MWh

MOBILITY 34400 km/house yr

WASTE 6240 t (1160 kg/house)

WATER 568,000 m3 (106 m3/house)

BARRIO	TIRO	DE	LINEA	
14,000	inhabitants;	5364	households

25ha

Existing	parks
New	green	assets
RE	surplus
(neghibourhood scale)
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ELECTRICITY 12700 MWh

HEAT ENERGY 23000 MWh

MOBILITY 34400 km/house yr

WASTE 6240 t (1160 kg/house)

WATER 568,000 m3 (106 m3/house)

BARRIO	TIRO	DE	LINEA	
14,000	inhabitants;	5364	households

25ha

creativity…

TENED	CONFIANZA…	GO	TO	ZERO!!!

Co-funded by the European Union’s Seventh Programme for research, technological development and demonstration

Roadshow
Sevilla – Taller	energía

Muchas
gracias.




