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Playing Field

Public elevator; Access to all levels of the 
site

Bus Stop and turnaround

Handicap accessible public ramp

New terrace system

Urban agriculture

Terrace/Play space

Seating for outdoor public events and 
sports

Terrace connections to existing pathways; 
Re-integration of fragmented context

Existing pathways

Auxiliary Community Center

Paraisópolis is an area that began to develop in the 1920s 
around a challenging topography of rivers.  For this rea-
son, regular streets and infrastructure were not implemt-
ed.  In the 1960s the neighboring area of Morumbi began 
to develop, and the construction labor force began to 
informally occupy the area.  Before this urbanization the 
area was mainly agricultural.  In the 1970s a new zoning 
law discouraged legal development on the site (due to 
prohibitive lot sizes), and as a result there was a boom of 
invasion in Paraisópolis.

Despite its central urban location, the marginalized area 
of Grotão within Paraisópolis is effectively separated from 
the formal city. Within this isolated zone, increased ero-
sion and dangerous mudslides have designated the site 
as one of many high-risk zones in the city - a primarily 
inaccessible void in the otherwise dense fabric. 

The project fundamentally transforms this void into a 
productive zone and dynamic public space through social 
design - a process of analyzing the local effects of rapid 
growth and improving marginalized settlements through 
social infrastructure.  In addition to stabilizing the chal-
lenging topography and eliminating further erosion dam-
age, the new terraced landscape transforms Grotão into a 
‘natural arena’ that encourages diverse community partici-
pation.  The intervention opens the edges of the void to 
re-establish connections within the isolated urban fabric 
and to introduce social programs where they were once 
categorically neglected.  Localized moments of this pro-
gram, which includes sports facilities, urban agricultural, 
public space, transportation infrastructure, replacement 
housing, and the Fábrica de Música, are simultaneously 

connected to all boundaries of the area by the landscape 
of activated terraces.

The lower zone of the site contains the Fábrica da Música, 
which stacks diverse programs to maximize site potential.  
These include public transportation, sports facilities, and 
the music school, which contains practice and rehearsal 
spaces, studios, a performance hall, and auxiliary class-
rooms.  This is a vital catalyst in the area, expanding music 
and cultural programs into the favela while forming a new 
network that serves the youth from all levels of society.  
The upper zone contains new replacement housing for 
those displaced from high-risk zones.  Commercial spaces 
are introduced on the first level as an economic vehicle 
that activates the street level and stimulates the micro-
economy of the urban agriculture on site.

The project proposes that architects eschew their conven-
tional role in traditional hierarchies to serve as an enabling 
connection between the opposing forces of top-down 
planning and bottom-up initiatives. By creating common 
ground for these two forces, we can eliminate divisiveness 
and generate productive interactions.  Here the prior-
ity becomes equipping this peripheral neighborhood 
with infrastructure, water, sewage networks, lighting and 
services in addition to social infrastructure in the areas of 
education, safety, culture, public space, and sports.  The 
proposed urban model aims to translate a society’s need 
for equal access to housing, employment, technology, ser-
vices, education, and resources - fundamental rights for all 
city dwellers – into spatial solutions.

Brazil
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Project Catalysts:

High-Risk Zone

Lack of Public Space

Lack of Social Infrastructure

Slope Analysis

Paraisópolis Flooded

Paraisópolis Flooded

Lack of usable open space Lack of usable open space

Increased erosion, ongoing mudslides, steep 
slopes, poor soil, and inadequate stormwater 
runoff drainage systems have categorized 
Grotão as a High-Risk zone.  These are 
areas that are deemed unfit to build and are 
therefore in need of innovative and imaginative 
solutions.  There are many similar sites, not 
only in São Paulo, but also in cities throughout 
the world  It is imperative that solutions and 
prototypes are developed to address questions 
of ecological sustainability, social sustainability, 
and safety in these areas.

The poor topographical conditions are 
intensified by Brazil’s climate.  Harsh rains 
during the 6 month wet season transform 
the base of this site into a water basin.  With 
no outlet, the water sits stagnant at the 
bottom of this steep topography, creating 
physical destruction and health concerns.  In 
addition, the top 5 meters of ground covering 
is comprised of garbage and sand, making 
it exceptionally difficult to build.  Due to 
massive rains, mudslides, and floods, this site 
has become a void.  In order to transform this 
space from a dangerous garbage dump, the 
critical risks must be understood and the site 
must be stabilized.

There is a fundamental disparity between the built 
and unbuilt space in Paraisópolis, specifically within 
Grotão, where lot lines and a road grid where never 
planned due to the area’s difficult terrain.  This has 
allowed for an extremely informal occupation of land.  
All buildable land has been coated with housing, 
leaving only the minimal space need for circulation 
uncovered.  The winding streets and narrow 
footpaths present the only public moments within 
the neighborhood.  With no public space, these 
congested pathways provide the only gathering 
points.  

Due to rapid urbanization and challenging 
topography, the necessary social structure and 
equipment were not incorporated into the 
development of the community.  While small-scale 
commercial moments exist, there are minimal social 
infrastructures found in the dense Paraisópolis fabric.  
There exists a strong cultural dynamic that fuels 
daily life in the favela, but unfortunately there are no 
major hubs or networks within the neighborhood to 
accommodate the residence.

The area of Paraisópolis suffers severe 
flooding due to heavy rainfall and lack of 
adequate runoff systems

The available open space overlaps with areas 
defined as High-Risk Zones, making it difficult 
or impossible to build.  It is therefore necessary 
to develop new and innovative solutions to this 
fundamental issue.

Gustavo Dudamel conducts the FESNOJIV 
Youth Orchestra in an informal settlement.  This 
demonstrates both the lack of necessary social 
infrastructure as well as the importance that music 
brings to the neighborhood.

Tie Backs:
Support Type:   Soil Nail
Force Application:   Passive
Out-of-Plane Spacing:  1m
Tensile Capacity:  50 kN
Plate Capacity:  20 kN
Bond Strength:  7 kN/m

Soil Type
C1 (Top Layer of Soil)

Strength Type:   Mohr-Coulomb
Unsaturated Unit Weight: 18 kN/m3

Saturated Unit Weight: 19 kN/m3

Cohesion:   10 kPa
Friction Angle:  20 degrees
Water Surface:  Water Table
Custom Hu Value:  1

C2

Strength Type:   Mohr-Coulomb
Unsaturated Unit Weight: 19 kN/m3

Saturated Unit Weight: 19.5 kN/m3

Cohesion:   20 kPa
Friction Angle:  22 degrees
Water Surface:  Water Table
Custom Hu Value:  1

C3

Strength Type:   Mohr-Coulomb
Unsaturated Unit Weight: 19 kN/m3

Saturated Unit Weight: 19.5 kN/m3

Cohesion:   20 kPa
Friction Angle:  26 degrees
Water Surface:  Water Table
Custom Hu Value:  1

C4

Strength Type:   Mohr-Coulomb
Unsaturated Unit Weight: 20 kN/m3

Saturated Unit Weight: 20 kN/m3

Cohesion:   30 kPa
Friction Angle:  27 degrees
Water Surface:  Water Table
Custom Hu Value:  1



Project Components:
Each project component addresses several of the five key 
points and serves as a transferable prototype.
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 Ethical Standards
 and Social Equity

The project expands the definition of sustainability beyond 
ecological terms into the area of social sustainability.  Improvement 
of this and other marginalized zones depends on the provision of 
basic services, equal resource distribution, and adequate social 
infrastructure and programs where they all have been conventionally 
ignored.  The terraces provide necessary public space in the 
overly dense fabric in the form of a dynamic and productive zone 
available to all residents.  They provide a framework to integrate 
previously fragmented areas with new social infrastructure and 
diverse programs to strengthen collective identity and ensure 
positive growth for the future.  The design process is built on 
community participation in both the initial design phase and in the 
end use of the space.  Considering the sensitivity of the work and 
the importance of the community, specialized field offices are set 
up by local government to assist residents during neighborhood 
improvement processes.

 Environmental Quality
 and Resource Efficiency
The project utilizes site orientation to provide a combination of both 
passive and active systems for maximum efficiency and low cost.  
The building and landscape work as one comprehensive system that 
can effectively handle the varying conditions of the wet/dry season 
cycle.  Prevailing winds in combination with an in-floor cooling 
system provide efficient tempering; the waste heat is stored in the 
terraces (as a large heat sink) during the day and emitted through 
hybrid-PV panels at night.  Excess heat is vented through a solar and 
wind supported chimney.  Water is reused on site; what was once a 
danger is now a resource.  Wetlands filter the water through the site, 
which can be used for irrigation (in urban agriculture) and gray-water 
applications or be filtered through rapid sand filtration.  An on-site 
water tank distributes excess water to the sewage system during 
wet season and stores it for later use during dry season.  Building 
materials and operability maximize light and minimize solar gain.

 Contextual
 and Aesthetic Impact
The site is fundamentally transformed from an inaccessible high-
risk zone into a desirable and productive space.  In order to handle 
the challenging topography, new section profiles were necessary 
to retain the hill and stop further erosion/damage.  This practical 
infrastructural solution was embedded with important social 
infrastructure and re-establishes connections to the existing but 
fragmented neighborhood context.  It is a dynamic node of public 
space with both fixed and flexible program.

 Economic Performance
 and Compatibility
This urban intervention fits into a larger network of slum upgrading 
projects financed by the city.  However, it is a new typology and 
conceptual framework that re-defines what can be done within this 
budget; it is a new prototype for building in these areas.

The program of the project is flexible and able to adapt to changes 
based on need (daily, seasonal, etc.).  The project serves as a new 
hub of various activities, and its introduction into the site not only 
provides immediate forms of exchange (music, agriculture, social, 
knowledge, etc.), but also serves as a catalyst that encourages new 
uses in the surrounding areas.  The urban agriculture encourages a 
new micro-economy in an otherwise unusable space, and replaces 
the dangerous void with an active and productive zone that feeds 
directly back into the neighborhood and into the city.  

In São Paulo there is a long history of concrete construction.  Using 
concrete for the building utilizes this existing knowledge but 
incorporates low-tech applications that greatly improve performance 
at low cost.  

 Innovation
 and Transferability
This comprehensive system of social infrastructure, public space, 
active and passive building technologies, and productivity is a 
conceptual framework that can be utilized to address other high risk 
zones and similarly challenging spaces, both within Sao Paulo and 
globally.  It is a prototype and adaptable framework that encourages 
flexibility and a critical re-thinking of new design approaches and 
processes in these spaces.  It is a new urban model and strategy 
that combines disciplines and creates a platform for communication 
between top-down planning and bottom-up initiatives.

The combination of active and passive systems exceeds the 
expectations set forth in recent guidelines for environmental 
sustainability proposed by the city of São Paulo, and ensures that the 
building operates at a very high level while maintaining a low cost.

Transferability occurs in two directions and in several different 
areas.  The concrete construction introduces new low-tech, low-cost 
techniques while simultaneously utilizing existing knowledge of 
concrete construction.  Members of the community can participate in 
the construction of the building by making the concrete blocks that 
form the facade and can also utilize these techniques for their homes 
or other areas of the neighborhood.  The school itself provides 
education and music as a cultural export.  Music has become an 
incredibly important activity and institution not only in São Paulo 
but all over South America, and the building provides the necessary 
space for musical education.  The urban agriculture provides both 
a tangible product that generates the possibility for new micro-
economies as well as a knowledge of small-scale production that can 
proliferate throughout the neighborhood.

Terraces
The new terrace system combines necessary physical infrastructure with social 
infrastructure, providing space for flexible and adaptable program.  The ter-
races also make important connections to the surrounding neighborhood via 
existing pathways that have been disconnected.  A minimum of construction 
is used for maximum output concerning the practical needs of safety (erosion, 
stormwater runoff, etc) and the desires of public space and social infrastructure.

Wetlands
The wetland system provides a passive filtration system for water re-use on-site.  
The water can be re-used for gray water applications and irrigation for the ur-
ban agriculture.  The wetlands provide a catalyst to transform water, once seen 
as a destructive force, into productive element.  

Public Ramp System
The ramp system that moves through the site is open to the public and also 
handicap accessible from top to bottom.  This allows the public access through-
out the site and building.  This new ramp is a new public circulation system in an 
area known for challenging and dangerous topography.  The ramp system also 
ties together and makes accessible all of the different areas and uses within the 
project.

Field, Performance Area
The field serves as an area for sports as well as a stage for outdoor performanc-
es.  It also provides space for markets that sell produce from the urban agri-
culture.  The field is a space that connects many of the different pieces of the 
project in an activated platform.

Integration/Connections
The Fabrica de Música and landscape work as one building.  The connection 
bridges provide access from landscape to building, and they form a compre-
hensive circulation path that allows the public to access all levels in the building 
and throughout the landscape.  Access throughout these paths is largely public, 
while still maintaining secure building entrances.

Urban Agriculture
The urban agriculture helps transform the space from an empty void to a pro-
ductive space within Paraisópolis.  Not only does the urban agriculture provide 
food production on the small scale, but it also provides the community with the 
knowledge of this production and ability to implement this system elsewhere.

Music School
The Fabrica de Música serves as a music and performing arts school.  It ac-
comodates classes, rehearsals, and full performances.  The building itself is a 
catalyst for positive change and a hub/node of innovative and cost-efficient 
technologies.  It serves as a prototype (as well as a set of prototypes) that can 
be adapted to other High-Risk sites as well as other areas of the city.

Site Access
Access to the site is provided by two roads, one at the top of the slope and the 
other at the bottom.  The lower street adjacent to the building contains a bus 
stop and turnaround.  Public circulation is then able to continue up the hill via 
the public elevator and bridge connections.

Public Elevator
The building elevator also acts as a public elevator that provides access to all 
levels in the building and terraces (a 25 meter height difference).

Before After



Landscape and
Urban Agriculture:
The Fabrica de Música and the landscape act as one 
building, each one interacting with the other to form a 
comprehensive whole.

Landscape 
Circulation:

View looking Northeast - Landscape and Music School developed as one building

Agriculture Diagram Landscape and Building Systems

New Terraced Landscape

Terrace Circulation

Extended Terrace into Fabrica de Música
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Grass
Highly permeable grass is used to retain the steep 
landscape, absorb excess stormwater and reduce 
the required construction on site

Grass Pavers
Permeable material to mitigate runoff and erosion

Agriculture
Introduces fresh produce, agricultural education, 
and micro economies into the favela

Wetlands
Passively filter rainwater for gray water applications 
and irrigation for agriculture

Terrace Integration
The terrace system ties into existing path-
ways in the favela to re-integrate the context 
through the empty void.

Terrace Integration
The terrace system continues into the Fabrica 
de Música through a series of bridges, tying 
the building to the landscape.  This circulation 
network is also connected to the public eleva-
tor and stair system within the music school.

Ramp
A handicap accessible public ramp provides 
access throughout the entire site and weaves 
the landscape into and through the Fabrica de 
Música.

Extended Terrace
The bridges on the 200 level form an ex-
tended terrace space that continues into the 
building.  The music school is simultaneously 
building and landscape.



Water Model:
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Building Systems:

Climate Concept:

Water Cycle Concept - Day

Water Cycle Concept - Night

Ventilation Concept
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Natural Ventilation Chimney
Combination of stack, solar and wind supported 
ventilation system

Hybrid Photovoltaic Panels
Electricity during the day 
IR-Emission of water during the night

Air Conditioner

Shading
Protects against solar exposure along the east and 
west facade

Slab Cooling
Tempering the concrete structure with embedded 
hydronic piping

Hybrid Ventilation
Natural ventilation in shoulder seasons
AC operation in humid season

Cross Ventilation
Wind from south direction provides
fresh air, warm winds coming from north
direction are blocked by the hill

Cooling Water Cycle
 
 Heat rejection from Air Conditioner

 Heat sink during day

 Heat emission during night by    
 lunar collector on roof

 Chilled water to air conditioner

 Solar Water Flow

 Runoff Water Flow

Runoff cascades over permeable surfaces, absorb-
ing excess stormwater and increasing water oxygen 
levels

Site contours direct the water inward to minimize off-
site discharge

Runoff is collected into terraced Wetland Water 
Gardens to trap contaminants and particulates.  The 
system is a natural filter that enhances air quality, low-
ers ambient temperatures by evapotranspiration, and 
introduces habitat niches that attract foraging birds

Treated overflow from the wetlands is collected into 
an underground cistern for storage and later reuse

Stored water is treated to local quality standards with 
rapid sand filtration and pumped to elevated tanks 
for reuse

Water is lifted during dry periods to provide irrigation 
in planted areas

Treated water is available for non-potable uses, such 
as toilet flushing

Minimal stormwater is discharged to the public sewer 
system
Water Model

Total catchment area  6012 m2
Runoff coefficient   0.95
Elevation change  100 m

Average daily occupancy  300-400 people
Per person usage   15 liters
Edible garden area   520 m2
Daily garden irrigation   7 mm
Non- garden area   2140 m2
Daily non-garden irrigation  4 mm

Peak water demand  15.5 m3/day
Peak power requirement† 251 watts/cont.
Solar panels required† 11 m2 total area

Total annual water usage 3617 m3
Total annual deficit  550 m3
Approx. cost of water  4.3 USD/m3
Approx. annual savings $13,188 USD

Climate 
The Climate in Sao Paulo is hot and humid for a long 
range of the year.  Due to the location of Sao Paulo, the 
sun is shining from steep sun angles in summer. The main 
wind is SSE. This is also the direction of the cooler wind 
whereas the hot wind is coming from NW. 

Climate responsive concept
 
Passive elements:
To react to the hot and humid climate, two approaches 
are possible. One option is, to encapsulate the build-
ing from environment and react to the climate by energy 
consuming air-conditioning.
The other approach is, to react smart to environment. Two 
measures help to improve the indoor climate: Blocking 
the direct sun light to minimize solar gains and open the 
building to the wind in south south east (SSE) direction, 
to create a natural ventilation of the spaces. By a smart 
concrete block design both measurements are taken into 
account and preserve an agreeable outside view at the 
same time.
The air entering the building from SSE provides a com-
fortable breath. The exhaust air is leaving the building by 
the solar chimney, located on the west façade. The solar 
chimney is driven by the sun and provided by the wind. 
The sun entering the chimney through a glazed part is 
heating a black absorber wall and therewith the air. The 
chimney effect is driven by pressure differences of the 
warm air and provided by the wind. By the solar chimney 
effect energy for ventilation is saved.

Active elements:
To improve indoor climate, the thermal mass of the build-
ing is cooled by active slabs.  Water flows through em-
bedded pipes inside the ceiling and absorbing the heat 
of the room. The chilled ceiling improves the operative 
temperature (the felt temperature). The heat is rejected 
to the terraces. The concrete of the terrace structure is 
acting as a thermal storage.   At night, the water is cooled 
by flowing through hybrid collectors, located on the roof. 
These hybrid (photovoltaic and thermal) collectors have 
two functions:
Producing electricity by the photovoltaic elements at 
daytime and cooling the water for the active slab by the 
thermal elements at night time, by emitting the energy to 
the cool night sky.
At daytime the water is cooling the photovoltaic elements 
to improve efficiency. (The warm water can also help, to 
improve the solar chimney effect by heating up the air).
The concert hall on top of the building requires a high 
quality conditioned space corresponding to 200 specta-
tors and 165 musicians and their climate sensible instru-
ments. A special room for the instruments would help to 
minimize the conditioned space outside the time of use.
The energy consumption is estimated as 15.000 kWh for 
the rehearsals. The energy consumption for performance 
halls is highly depending of the usage and the installed 
light. Estimating 100 kWh/m²/a for the performance halls 
results in ~ 120.000 kWh/a.
By covering 80 % of the roof with the hybrid collectors the 
amount of 150.000 kWh of electric power can be pro-
duced over the year.
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Landmark Building:

Facade Concept:

North/South Facade Study

Block Types

West Facade Study East Facade Study
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The Grotao Project shall also act as a landmark project, 
serving as an innovative example of a sustainable and 
comfortable building. The concrete blocks and the so-
lar chimney are smart and robust elements, providing a 
comfortable climate with the help of sun and wind. This 
means, improving the indoor climate and minimizing 
energy demand on the same time. These elements are 
reproducible for future buildings around the project and 
other places, adapting the concept to the local condi-
tions.

Over the year, the building produces more energy by 
photovoltaic than it consumes. The hybrid collectors cov-
ering the roof will produce ~ 140.000 kWh/a. The excess 
energy can be used by the surrounding buildings.

An innovative concept is one that can be transferred into 
a marketable product or production methodology.  In 
some cases that concept is transferrable into a diversity 
of products and architectural projects.  The façade of 
the Fábrica da Música provides both innovation and a 
transferability of product and idea through rethinking the 
standard wall element.  While building envelopes typi-
cally fulfil minimum functions, this wall embodies multiple 
functionalities by separating the load bearing structure 
into a smart skeleton structure that can be programmed 
with a wide range of smart technology supporting bricks.  
These bricks can be specified according to program, sun 
orientation, wind conditions, and a variety of other func-
tions.  This provides a highly performative wall element 
that can be subdivided into different functions. Each brick 
is flexible and interlocking, resulting in an economically 
efficient building system. The infill of each brick will be 
demand driven and will perform as simple light redirect-
ing elements, sun shading elements or even simple venti-
lation units.  The block unit can be taken even further, by 
introducing a concrete sandwich with an insulation core, 
the block can be insert with a variety of plug-in options 
according to the buildings function and location.  The 
simple structural frame provides complete freedom for 
the block elements, allowing each unit to be as low-tech 
or high-tech as necessary.

The individual block and the wall construction are highly 
transferable.  There is a strong desire that these simple 
concrete blocks be produced locally.  This will have a 
strong economic impact through the introduction of a 
micro economy.  Furthermore, this local production will 
introduce the knowledge of this smart block construction 
into the neighbourhood.  Through this educational ex-
port, community members who work in this micro econ-
omy can use this knowledge twofold.  The first is to start 
small independent companies, where they can produce 
these units and sell them.  The second is to understand 
the properties of the block itself and to introduce the 
brick module into the community’s construction dialogue.  
Currently in the favela, most houses are built with red clay 
block.  Individuals could easily substitute the smart con-
crete block for the clay block and benefit from the posi-
tive environmental impact.  Through this block and the 
other project components, this building will introduce a 
broader understanding of building principles and smart 
technologies that can be transferred and apadted.

The façade itself is comprised of a variety of elements that 
will serve as components within the orientation and func-
tion of the building. This concept uses a maximum of the 
environmental resources available on each of the differ-
ent orientations of the building.  Depending on environ-
mental need and program, the façade can be oriented to 
allow for ventilation to gain cooling, to add a comfortable 
amount of sun screening to reduce overheating and to in-
troduce apertures for viewing and light.  This is a concept 
that can be fine tuned with sophisticated thermal analytic 
programs to create a perfect performance year-round. 



Plan - Level 000 - 1:200

Plan - Level 100 - 1:200

Plan - Level 200/300 - 1:200

Plan - Level 400 - 1:200

Level 000

Level 100

Level 200 / 300

Level 400
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Bus stop and turnaround

Public elevator; Access to all 
levels of the site

Handicap accessible public 
ramp
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Mechanical and Water Tank

Parking
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Public elevator; Access to all 
levels of the site

Bus Stop and turnaround

Handicap accessible public ramp

New terrace system

Urban agriculture

Terrace/Play space

Seating for outdoor public 
events and sports

Terrace connections to existing 
pathways; Re-integration of frag-
mented context

Wetlands

Auxiliary Community Center

Public bridges through land-
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Public corridor
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Practice Rooms
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