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SOCIAL CONNECTIVITY
 SELF SUSTAINING COMMUNITIES
 INTEGRATED FLOWS
 INTERDEPENDENCY
 GROWTH AND DIFFERENTIATION - ADAPTIVITY
 SYNTHETIC BIOLOGY
 BIO-ENERGY
 EVOLVING INFRASTRUCTURE
 Creating an evolving self sustaining infrastructure (synethetic biology) that promotes both social connectivity and growth and differentiation.
 INIT
 IAL C
 ON
 CEP
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Page 5
                        

KEY
 CO
 NC
 EP
 TS
 HABITAT: An environment wherein an ORGANISM lives and reproduces,
 ECOLOGICAL NICHE: is the FUNCTIONAL ROLE THE ORGANISM
 PLAYS IN ITS COMMUNITY, including its habitat as well as the interactions with other
 organisms.An organism's niche is affected by ABIOTIC FACTORS (such as climate and habitat)
 and BIOTIC FACTORS (such as competitors, parasites, and predators) simultaneously
 Environmental factors•Social factors•Cultural factor•Econimic factors•Political factors•
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CREATING LIFE SUSTAINING ORGANISMS IN OUR CITIES:
 EXISTING SOCIAL SYSTEM (affected by biotic factors ie. cultural, economic and political)
 +
 NEW ENVIRONMENTAL SYSTEM (affected by both biotic and abiotic factors)
 =
 EVOLUTION OF SINGLE ORGANISM
 (A SYSTEM OF DYNAMIC INTERACTING POPULATIONS)
 KEY
 CO
 NC
 EP
 TS
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KEY
 CO
 NC
 EP
 TS
 MUTUALISM: When two species help one another and BOTH SPECIES ARE
 BENEFITED. Mutualistic relationships help organisms obtain food or avoid predation.
 The idea is to use these concepts to strengthen HUMAN/NATURE RELATIONSHIPS
 and community through SYMBIOSIS WITH NATURE
 EMERGENCE: First of all here’s a rough definition of the phenomenon of emergence......
 A synergistic property or behaviour of a SYSTEM that cannot be explained solely by thesum of
 its component parts; when the organization of a system exhibits DYNAMIC BEHAVIOURAL
 PROPERTIES that exist on a macro level IN RELATION TO ITSCOMPONENT PARTS.
 Systems that arise out of emergent phenomena are said to be COMPLEX..........
 ......Emergence resists strategization because by definition it cannot be governed. In an emergent
 system it is precisely the LACK OF GOVERNANCE of the wholethat allows COMPLEXITY to
 arise from the behaviour of INDIVIDUAL COMPONENTS REACTING TO PARTICULAR
 CONSTRAINTS (GOVERNANCE AT THE COMPONENT LEVEL)......
 source: www.google.es/imgres?imgurl=http://farm2.static.flickr.com/1071/1037554097_928da16aeb.jpg&imgrefurl=http://www.quotesque.net/archives/architecture/&usg=__LgNMr7V6Qy80PUbaZqXkKeRNOgo=&h=375&w=500&sz=120&hl=en&start=1&um=1&itbs=1&tbnid=o81ucNM-S4VUBM:&tbnh=98&tbnw=130&prev=/images%3Fq%3Dtoyo%2Bito%2Bvoronoi%26um%3D1%26hl%3Den%26client%3Dsafari%26sa%3DN%26rls%3Den-us%26tbs%3Disch:1
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KEY
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 NC
 EP
 TS
 CITIES AS EMERGENT SYSTEMS
 COMPLEX SYSTEMS THAT ARISE FROM INTERACTIONS BETWEEN INDIVIDUAL
 COMPONENTS REACTING TO PARTICULAR CONSTRAINTS (ABITOIC AND BIOTIC FACTORS)
 AT A MACRO LEVEL.
 These systems can be guided by RULE SETS THAT DICTATE HOW THE INDIVIDUAL
 CITIZEN CAN PARTICIPATE – but would have to refrain from dictating,regulating or
 containing the emergent decision making patterns and structures that arise.
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 SELF ORGANIZATION STUDY
 (SOCIAL CONNECTIVITY, GROWTH, DISTRIBUTION):
 BIOLOGICAL REFERENCES
 NERUAL NETWORKS
 Highly clustered•
 10,000 synaptic links to other neurons•
 exhibit low mean path lengths between any two arbitrary nodes and yet contains high •
 clustering coefficients
 characterised by lots of local connectivity between nodes as well as the occasional longer link•
 as they grow and reproduce they become a self-organising structure, as neurons determine •
 which other neurons to connect to, each neuron developing
 its dendrites, probing into its surroundings in search of neighbouring neurons and forming •
 new synapses
 Self organized network primarily contain small-world properties first observed in • social
 networks by Watts and Strogatz
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WATTS AND STROGATZ
 From a spatial network standpoint, small worlds mean HIGH LEVELS OF
 MEAN ACCESSIBILITY FROM ANY GIVEN NODE TO ANY OTHER
 NODE, a homogenous distribution of HIGH LEVELS OF MOBILITY.
 OR
 GA
 NIZ
 AT
 ION
 AL
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 RIN
 CIP
 LES
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 D L
 OG
 ICS
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FREI OTTO
 To capture the optimized detour networks Frei Otto with his famous wool thread models is able to
 compute a network solution between given points that OPTIMIZES THE RELATIONSHIP OF
 TOTAL NETWORK LENGTH AND THE AVERAGE DETOUR FACTOR IMPOSED.
 OR
 GA
 NIZ
 AT
 ION
 AL
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 IPLES
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EN
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 INFO
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 ION
 AL F
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 CURRENT STATISTICS FOR BARCELONA
 25% of all municipal waste is organic waste
 organic waste production = 51kg/per person/annum
 SITE LOCATION: RAVAL
 ORGANIC WASTEpopulation of Raval = approx.50,000
 ORGANIC WASTE PRODUCTION IN RAVAL = 2550 tonnes/ annum + 255 (10% tourist
 contingency) = 2805 tonnes/ annum
 COMPOSTno. of kilograms of organic waste x .0125 = no. of kilograms of compost
 2550tonnes x .0125 = 35062kg/annum
 POTENTIAL COMPOST PRODUCTION IN RAVAL = 35062kg/ annum
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 1
 1m2
 50,000 35062kg/annum2805tonnes/annumORGANIC WASTE ORGANIC WASTEPERSON COMPOST
 2kg/annumCOMPOST VEGETABLE PLOT
 51kg/annum
 = = =
 =17531m2 400 - 600 m2
 35062KG/annum 30 - 40COMPOST VEGETABLE PLOT VEGETABLE PLOTS
 = =
 No of kilograms required per sq.m = 2kg/m2/annum
 Total potential coverage = 17531.25m2
 Approx. Plot size = 400 - 600m2
 TOTAL NO. of PLOTS = 30–40
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CURRENT STATISTICS FOR BARCELONA
 Grey water production = 40,000 – 60,000L/person/annum
 SITE LOCATION: RAVAL
 GREY WATERpopulation of Raval = approx.50,000
 GREY WATER PRODUCTION IN RAVAL = 2000 - 3000ML/ annum
 COMPOSTno. of kilograms of organic waste x .0125 = no. of kilograms of compost
 2550tonnes x .0125 = 35062kg/annum
 POTENTIAL COMPOST PRODUCTION IN RAVAL = 35062kg/ annum
 For 30 – 40 plots you would only required 0.5% of recycled greywater, the rest could be realease
 back into the cities stormwater system or alternatively you would required the greywater
 from only 250 individuals to irrigate the commuity gardens for a whole year.for a whole year.EN
 ER
 GET
 IC A
 ND
 INFO
 RM
 AT
 ION
 AL F
 LO
 WS

Page 19
                        

EN
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 IC A
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 No of litres required per sq.m = 570L/m2/annum
 Total potential coverage = 3508771m2
 Approx. Plot size = 400 - 600m2
 TOTAL NO. OF PLOTS = 8771 - 5848
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CURRENT STATISTICS FOR BARCELONA
 Current Energy Source = Nuclear Energy
 SITE LOCATION: RAVAL
 ELECTRICITYELECTRICITY (20.542PJ/annum) = 40.5% OF TOTAL ENERGY CONSUMED
 Lighting = 8% of toal energy consumed (3.94PJ)
 ENERGY CONSUMED BY 1 STREET LIGHT = 8 (hours of use per day) x 1000
 (wattage) x 365 (days in a year) = 2920 kWhours/annum
 EN
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 GET
 IC A
 ND
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 AT
 ION
 AL F
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SITE LOCATION: RAVAL
 BIOENERGYProposed Energy Source = BIO- GAS
 1kg ORGANIC WASTE = 250g methane = 1kW hour of electricity
 2,805,000 kilograms/ annum (organic waste) = 2,805,000 kW hours/annum2,805,000 divided by 2920 (energy consumed by 1 street light) = 960
 WE CAN USE BIO-ENERGY TO POWER UP TO 960 street lights in RAVAL
 EN
 ER
 GET
 IC A
 ND
 INFO
 RM
 AT
 ION
 AL F
 LO
 WS
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Using bio-energy for electricity REDUCES GREENHOUSE GAS EMISSIONS BY 30.3%
 ‘We could save tremendous amounts of money and CO2 emissions if European public authorities engaged on a rapid program of modernization of street lighting,helping to meet our obligations under the Kyoto Treaty. This changeover to new technologies should run more quickly; the way forward is shown by many cities that are phasing out their obsolete high pressure mercury lamps, including Antwerp, Barcelona, London and Stockholm’.
 www.newscenter.philips.com/main/standard/about/news/speechespublications/article-15527.wpd
 EN
 ER
 GET
 IC A
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 INFO
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BIOLOGICAL REFERENCES
 CELLULAR SYSTEMS
 NERVE CELLS
 A nerve cell/ neuron is like a RECEIVER, TRANSMITTER and TRANSMISSION
 LINE with the task of passing a signal along from its dendrites to the axon terminalbundle.
 It is an electrically excitable cell that processes and transmits information by
 ELECTRICAL AND CHEMICAL SIGNALLING. Chemical signalling occurs via
 synapses – specialized connections with other cells. Neurons connect to each other to
 form NETWORKS. Sensory neurons respond to touch, sound, light and then send signals
 .
 EN
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BIOLOGICAL REFERENCES
 CELLULAR SYSTEMS
 COMPONENT PARTS
 CELL BODY: SOMA: the central part of the neuron. It is the nucleus of the cell and is where most
 PROTEIN SYNTHESIS occurs.
 DENDRITES: extend for hundreds of microns and branching multiple times serve as the STIMULUS
 RECEPTORS for the neuron – responding to a number of different stimuli.
 AXON: fine cable like projection which can extends, hundred, or even tens of thousands of times the
 diameter of the soma in length. It CARRIES NERVE SIGNALS away from the soma and some
 types of information back to it.
 AXON TERMINAL: contains synapses – neurotransmitters to COMMUNICATE WITH OTHER
 NEURONS.
 . EN
 ER
 GET
 IC A
 ND
 INFO
 RM
 AT
 ION
 AL F
 LO
 WS
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NERVE CELLS

Page 29
                        

NERVE CELLS
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SMART CELLS
 Creating a breeding ground for new micro-ecologies. Smart cells provide the necessary food
 and water for proposed community gardens whilst creating a new interactive bio-energy and
 sensor driven street lighting scheme that responds to local social and environmental conditions.
 TH
 ES
 IS P
 RO
 PO
 SA
 L
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CELLULAR SYSTEM
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3 BASIC COMPONENTS
 ENERGY – capturing the living substances/ fuels necessary for life ie. food and water to sustain
 proposed community gardens and power the smart cells as part of new street lighting scheme
 Primary functions of energy system:
 Greywater recycling: Biofiltration: Irrigation•
 Bio- Digestion of Organic Waste: Compost•
 Bio Digestion of Organic Waste: Bioenergy (Electricity)•
 TH
 ES
 IS P
 RO
 PO
 SA
 L
 CELLULAR SYSTEM
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BIOFILTRATION
 Microbiological system using a VERTICAL FLOW WETLAND SYSTEM for waste water treatment.
 SAND FILATRATION
 Sand filters have commonly available sand as filter media. Sand filters are easy and inexpensive
 to construct. These filters can be employed for treatment of water to effectively remove turbidity
 (suspended particles like silt and clay), colour and microorganisms.
 In a simple sand filter the top layer comprises coarse sand followed by a 5-10 mm layer of gravel
 followed by another 5-25 cm layer of gravel and boulders
 GR
 EY
 WA
 TER
 REC
 YC
 LIN
 G
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REED BEDS
 Reed beds ie. macrophytes can be counted on to remove 40 – 80% of the total nitrogen in wastewater.
 Removal rates vary seasonally, being greater in the summer. Additionally, they will remove 99.0 to 99.9%
 of fecal coliforms, as well as other pathogens, including viruses.
 The treated water can then be used for IRRIGATION and toilet flushing.
 GR
 EY
 WA
 TER
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BIOGAS DIGESTION
 Biogas digestor fed with household organic waste and water captures methane producing
 250g of methane per 1kg of organic waste. This gas canthen be fed into a generator providing
 around 1KW OF ELECTRICITY/1KG OF ORGANIC WASTE.Anaerobic decomposition gives rise to
 methane. Methane is apotent greenhouse gas which over a period of 100 years is thought to be
 23 times more harmful to the environment than carbon dioxide (CO2). Therefore,where anaerobic
 digestion is employed as a treatment method, it is vital that the methane is captured and used.
 http://practicalaction.org/practicalanswers/product_info.php?products_id=18
 BIO
 GA
 S D
 IGES
 TIO
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SOCIAL STRUCTURE - reprogramming existing physical attractors to
 promote social interaction and generate participatory behaviour. The smart cells are linked to
 a FEEDBACK LOOP SYSTEM becoming responsive and adaptive to the following stimulii:
 Light levels•
 Energy Levels•
 Water/ nutrient availability•
 Species availability•
 Soil Moisture•
 Temperature•
 Level of human activity etc.•
 ie. the system experiences physical and biologoical growth informed by a hosting environment
 SO
 CIA
 L S
 TR
 UC
 UT
 RE
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ECOLOGY – symbiotically supporting life on the site:
 understanding the local purpose within the behaviour economy of a larger system•
 creating a number of simple agents, which co-operate in an environment, forming complex •
 behaviours as a collective
 creating new micro-ecologies•
 creating a CLOSED CYCLE•
 ensuring the efficiency of the system,•
 achieveing advanced levels of functionality and performativity•
 EC
 OLO
 GY
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WEEK 3
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EX
 PER
 IMEN
 T 1
 DATE: 07.06.10
 Understanding natural processes and materia ls systems
 AIM: To determine the flow behaviour of water flow through a pipe from source to collection points and
 assess the matrial reponse to different configurations in order to set up rules that would define
 the organizational pattern of the material system.
 METHOD:
 DEFINING A LOCATIONExisting public space in Rava
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Raval, Barcelona
 Rambla de Raval
 EAST FACADE SOUTH FACADE WEST FACADE
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EX
 PER
 IMEN
 T 1
 DEFINING THE TEST GRID
 Source points: 40 units located in one of the adjoining blocks provides a source point from which the
 grey water needs to be transported to the smart cells in the adjacent public space/ community garden.
 Collection points: a grid was defined in the public space/ proposed community garden below. The grid
 consists of 2m diameter individual cells to collect the water from 40 units ie. 8 pipes per cell = 5 cells
 ASSIGNING THE FOLLOWING VARIABLES
 HEIGHT (h - difference between source and collection points)
 HORIZONTAL DISTANCE (hd - between source and collection points)
 CONFIGURATION (of tube between source and collection points)
 MEASURING FLOW RATES
 The variables were tested and flow rates (no of seconds it takes water to reach the collection
 point) calculated by altering one variable at a time
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SOUTH FACADE INDIVIDUAL CELL LOCATIONS
 11660 9700 9700 9700
 34503450
 34503450
 source points collection points
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EX
 PER
 IMEN
 T 1
 RESULTS:
 Retaining the same height and horizontal distance but altering the configuration of the •
 tube: The results show that maximum flow rates were achieved by maximizing the angle
 and horizontal distance for latter part of the flow path. Almost double the flow rate can be
 achieved by using this approach. The more twists and turn potentially reduces the potential
 length of the latter part of the flow path so minimsing complexity increases flow rate.
 Retaining the same height and configuration of tube but altering the horizontal distance: The •
 results show that to achieve the greatest flow rate you need to maintain the shortest distance
 between source and collection points.
 Retaining the same horizontal distance and configuration of the tube but altering the height: •
 The results show that water flow rate is directly proportional to height difference.
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WEEK 3 continued
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DATE: 11.06.10
 AIM:To use natural self organization principles of minimal path systems to assess circulation patterns
 and determine areas of usage for the proposed public space in order to determine potential
 locations for the smart cells and community garden areas.
 METHOD:
 DEFINING A LOCATION
 Existing public space in Raval
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DEFINING THE TEST GRID
 Define entry and exit points to and from the public space area
 Show the direct theoretical path from each building entry to these defined entry and exit points and
 define their distances
 DEFINING A MINIMAL DETOUR FACTOR
 For each of these links allow for a 1:1.15 minimum detour factor and define new distances
 ie. sur-legth
 Create a frame to allow for these linkages to be simulated with cotton thread
 MAPPING OPTIMIZED DETOUR NETWORKS
 By dipping the frame into soapy water, the surface tension of the bubbles reacts with the existing
 grid to form new self organized flow paths.
 EX
 PER
 IMEN
 T 2
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EX
 PER
 IMEN
 T 2
 MINIMAL DETOUR PATHMINIMAL DETOUR PATH - FREI OTTO
 3350
 DIRECT THEORETICAL PEDESTRIAN PATHSEXISTING SITE
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“For each set of points, and for each adopted sur-length over the theoretical direct path, an
 optimising solution is produced. Although no unique optimal solution exists, and each computation
 is different, characteristic patterns emerge in different regions of the parametric space”
 (Patrik Schumaker: Parametricism: A New Global Style for Architecture and Urbanism, 2009)
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EX
 PER
 IMEN
 T 2
 MAPPING OPTIMIZED DETOUR NETWORKS
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MAPPING OPTIMIZED DETOUR NETWORKS MAPPING OPTIMIZED DETOUR NETWORKS
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EX
 PER
 IMEN
 T 2
 RESULTS: The results show how minimal path networks establish themselves in nature. A network solution
 between points is given that optimizes the relationship of the total network length and the
 average detour factor. For each set of points and for each adopted sur-length over the direct
 theoretical path and optimizing solution is produced.
 By overlaying all the results the most characteristic patterns will emerge ie. the most frequented
 pedestrian flow paths for the public space can be mapped. Understanding how the space would
 be used with regards to circulation patterns allows the plotting of new potential locations for the
 smart cells and proposed community garden areas.
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OVERLAY
 new potential locations for the smart cells and proposed community garden areas
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Frei Otto - ‘Connecting and Occupying Territory’ - 2010
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WEEK 4
 Frei Otto - ‘Connecting and Occupying Territory’ - 2010
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EX
 PER
 IMEN
 T 3
 DATE: 15.06.10
 AIM:To use the natural flow paths of a liquid to create an interactive system which responds to the pulse
 of the neighbourhood ie. pedestrian flows and begins to influence the community.
 METHOD:
 MATERIAL SYSTEM
 Each of the 40 tubes that collect water from the source points located in one of the adjoining blocks
 becomes linked to a specific street in Raval in which sensors pick up the levels of human activity
 throughout the day.
 REACTIVE PROCESS
 The excess water collected by the tubes for the community gardens is recirculated to create a visual
 mapping of the pedesrian flow networks. The speed at which individual coloured droplets move
 through the tubes responds directly to the varying intensities of human acitivy in each respective
 street at different times of the day. Reference: http://www.youtube.com/watch?v=OD19qyL9a3Q&feature=related
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ECO MACHNIC APARATUS
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EX
 PER
 IMEN
 T 3
 RESULTS: By gaining an understanding of the main pedestrian networks and the distribution of high
 acitvity nodes we can generate opportunities for the growth and distribution of public spaces
 and community gardens throughout the nieghbourhood. As a participatory installation it also
 becomes an attractor promoting social interaction and participatory behaviour whilst supporting
 the growth of new microecologies.
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WEEK 5
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EX
 PER
 IMEN
 T 4
 DATE: 22.06.10
 AIM:To further develop the responsive mechanism by successfully combining flows and inputs through
 the use of a highy controlled valve system turning an everyday utalitarian grey water system into an
 intelligent highly interactive and sustainable urban installation.
 METHOD:
 MATERIAL SYSTEM
 Each of the 40 tubes becomes connected to a valve system which collects grey water from each
 of the 40 units. Each tube loops around feeding excess water which is no used int the community
 gardens water back into the system to create a closed cycle where nothing is wasted.
 REACTIVE PROCESS
 The valve system is further connected to an iar pump which helps both to aerate the water whilst
 allowing for increased visualization opportuities. The valves become responsible for controlling
 the flow rates for each of the tubes along with the mix of air and water creating both a spatial
 articulation and a visualization in repsonse to potential incoming data .
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ECO MACHNIC APARATUS
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MATERIALS:
 5mm rubber tubing 3mm rubber tubing hydraulic oil air pumprain jet connectors
 5mm plastic valves
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EX
 PER
 IMEN
 T 3
 RESULTS: By altering the flow rates and distribution of air and liquid through a highly controlled valave
 system, various visulaization effects can be achieved providing the opportunity to simulate
 existing activities, flow paths and networks within the neighbourhood ideally establishing a new
 dynamic equilibrium between people and local context.
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TRACKING HUMAN ACTIVITY - RAVAL
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CO
 NC
 LU
 SIO
 NBy capturing the logics behind natural processes and material systems the final
 mechanism creates exciting opportuities for an urban spatialization and visulaization of
 a utalitarian greywater sysytem becoming also an interactive piece for data collection
 which responds directly to the local context.
 The collection of data could potentially cover the following:
 HUMAN ACTIVITY tracked by motion detection cameras ie. occupancy rates within a building or •
 levels of activity within the public domain throughout the day
 ENVIRONMENT/ ECOLOGYie. temperature, light, humidity etc. and water and nutrient levels within •
 the community gardens or an entire network of microecologies
 WATER USAGE within a buildings or entire neighbourhood•
 ENERGY CONSUMPTION AND PRODUCTION within a buildings or entire neighbourhood•
 WASTE PRODUCTION ie. trakcing the levels of organic waste production in the neighbourhood •
 to pinpoint possible locations for both compost and biogas production., compost and community
 garden areas
 SOUND ie.creating a visulatization of a soundscape by tracking the sound levels within a building or •
 throughout the neighbourhood at different times of the day
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The mechanism provides a way of tracking and visulizing the processes, networks, distribution of
 people. energy and nutrients within a neighbourhood, being directly responsive to the existing urban
 context. At the same time being informative, educational, reactive, interactive, visually stimulating
 and most importanatly sustainable. This system would form part of a network of smart cells whose
 intelligence feeds the growth and distribution of new microecologies, redefining the urban context
 by the way that we interact with the place in which we live, both built and natural, and eachother.
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