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Abstract 

Rocinha, located in the city of Rio de Janeiro, is one the largest favela of Latin-America. Founded in the early 1930’s it is now 
home of more than 160000 inhabitants, and it is characterized by low water quality, poor housing, lack of drainage and sanitation 
systems, and of green and public spaces. This paper presents the preliminary results of a joint research project between the 
Politecnico di Milano and the Federal University of Rio de Janeiro (UFRJ) for the improvement of the urban quality, health, 
livability and inclusiveness of Rocinha, that moves from an upgrading process of the environmental performance of the existing 
built environment. The project, in the frame the social responsibility program of Politecnico di Milano (Polisocial), is based on a 
multidisciplinary and integrated design methodology named IMM (Integrated Modification Methodology). The research aims to 
demonstrate that in a planet where the informal settlements are exponentially growing, strategies to improve the quality of life of 
their inhabitants are possible, and preliminary results, mostly achieved in the diagnostic phase of the process, are presented. 
Rocinha is seen as a complex system that has been investigated in its own morphological structure and the related environmental 
performance, focusing on: climate and energy, ecosystem services, waste management and their relation with urban morphology. 
This phase opens up to the next phases, specifically the intervention and retrofitting, that intend to select intervention areas and 
priorities and then to objectively size the implementation in Rocinha. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of KES International. 

Keywords: Energy efficiency; Sustainable urban design; Slums upgrading; Environmetal performances; Complex Adaptive System   

 

 
* Corresponding author. Tel.: +39 02 2399 5744; fax: +39.02.2399.6237. 

E-mail address: massimo.tadi@polimi.it 

 

Available online at www.sciencedirect.com 

ScienceDirect	
Energy Procedia 00 (2017) 000–000  

  www.elsevier.com/locate/procedia 

 

1876-6102 © 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of KES International.  

9th International Conference on Sustainability in Energy and Buildings, SEB-17, 5-7 July 2017, 
Chania, Crete, Greece 

Environmental Performance and Social Inclusion: a Project for the 
Rocinha Favela in Rio de Janeiro 

Andrea Arcidiaconoa, Francesco Causoneb, Mario Grossoc, Gabriele Maserad,       
Massimo Tadid* Hadi Mohammad Zadehd 

a Department of Architecture and Urban Studies, Politecnico di Milano, Via Bonardi 2, 20133 Milano, Italy. 
b Department of Energy, Politecnico di Milano, Via Lambruschini 4, 20156 Milano, Italy. 

c Department of Civil and Environmental Engineering, Politecnico di Milano, Piazza Leonardo da Vinci 32, 20133 Milano, Italy.  
  d  Department of Architecture Built Environment and Construction Engineering, Politecnico di Milano, Via Ponzio 31, 20133 Milano, Italy. 

Abstract 

Rocinha, located in the city of Rio de Janeiro, is one the largest favela of Latin-America. Founded in the early 1930’s it is now 
home of more than 160000 inhabitants, and it is characterized by low water quality, poor housing, lack of drainage and sanitation 
systems, and of green and public spaces. This paper presents the preliminary results of a joint research project between the 
Politecnico di Milano and the Federal University of Rio de Janeiro (UFRJ) for the improvement of the urban quality, health, 
livability and inclusiveness of Rocinha, that moves from an upgrading process of the environmental performance of the existing 
built environment. The project, in the frame the social responsibility program of Politecnico di Milano (Polisocial), is based on a 
multidisciplinary and integrated design methodology named IMM (Integrated Modification Methodology). The research aims to 
demonstrate that in a planet where the informal settlements are exponentially growing, strategies to improve the quality of life of 
their inhabitants are possible, and preliminary results, mostly achieved in the diagnostic phase of the process, are presented. 
Rocinha is seen as a complex system that has been investigated in its own morphological structure and the related environmental 
performance, focusing on: climate and energy, ecosystem services, waste management and their relation with urban morphology. 
This phase opens up to the next phases, specifically the intervention and retrofitting, that intend to select intervention areas and 
priorities and then to objectively size the implementation in Rocinha. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of KES International. 

Keywords: Energy efficiency; Sustainable urban design; Slums upgrading; Environmetal performances; Complex Adaptive System   

 

 
* Corresponding author. Tel.: +39 02 2399 5744; fax: +39.02.2399.6237. 

E-mail address: massimo.tadi@polimi.it 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2017.09.546&domain=pdf


 Massimo Tadi et al. / Energy Procedia 134 (2017) 356–365 357

 

Available online at www.sciencedirect.com 

ScienceDirect	
Energy Procedia 00 (2017) 000–000  

  www.elsevier.com/locate/procedia 

 

1876-6102 © 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of KES International.  

9th International Conference on Sustainability in Energy and Buildings, SEB-17, 5-7 July 2017, 
Chania, Crete, Greece 

Environmental Performance and Social Inclusion: a Project for the 
Rocinha Favela in Rio de Janeiro 

Andrea Arcidiaconoa, Francesco Causoneb, Mario Grossoc, Gabriele Maserad,       
Massimo Tadid* Hadi Mohammad Zadehd 

a Department of Architecture and Urban Studies, Politecnico di Milano, Via Bonardi 2, 20133 Milano, Italy. 
b Department of Energy, Politecnico di Milano, Via Lambruschini 4, 20156 Milano, Italy. 

c Department of Civil and Environmental Engineering, Politecnico di Milano, Piazza Leonardo da Vinci 32, 20133 Milano, Italy.  
  d  Department of Architecture Built Environment and Construction Engineering, Politecnico di Milano, Via Ponzio 31, 20133 Milano, Italy. 

Abstract 

Rocinha, located in the city of Rio de Janeiro, is one the largest favela of Latin-America. Founded in the early 1930’s it is now 
home of more than 160000 inhabitants, and it is characterized by low water quality, poor housing, lack of drainage and sanitation 
systems, and of green and public spaces. This paper presents the preliminary results of a joint research project between the 
Politecnico di Milano and the Federal University of Rio de Janeiro (UFRJ) for the improvement of the urban quality, health, 
livability and inclusiveness of Rocinha, that moves from an upgrading process of the environmental performance of the existing 
built environment. The project, in the frame the social responsibility program of Politecnico di Milano (Polisocial), is based on a 
multidisciplinary and integrated design methodology named IMM (Integrated Modification Methodology). The research aims to 
demonstrate that in a planet where the informal settlements are exponentially growing, strategies to improve the quality of life of 
their inhabitants are possible, and preliminary results, mostly achieved in the diagnostic phase of the process, are presented. 
Rocinha is seen as a complex system that has been investigated in its own morphological structure and the related environmental 
performance, focusing on: climate and energy, ecosystem services, waste management and their relation with urban morphology. 
This phase opens up to the next phases, specifically the intervention and retrofitting, that intend to select intervention areas and 
priorities and then to objectively size the implementation in Rocinha. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of KES International. 

Keywords: Energy efficiency; Sustainable urban design; Slums upgrading; Environmetal performances; Complex Adaptive System   

 

 
* Corresponding author. Tel.: +39 02 2399 5744; fax: +39.02.2399.6237. 

E-mail address: massimo.tadi@polimi.it 

 

Available online at www.sciencedirect.com 

ScienceDirect	
Energy Procedia 00 (2017) 000–000  

  www.elsevier.com/locate/procedia 

 

1876-6102 © 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of KES International.  

9th International Conference on Sustainability in Energy and Buildings, SEB-17, 5-7 July 2017, 
Chania, Crete, Greece 

Environmental Performance and Social Inclusion: a Project for the 
Rocinha Favela in Rio de Janeiro 

Andrea Arcidiaconoa, Francesco Causoneb, Mario Grossoc, Gabriele Maserad,       
Massimo Tadid* Hadi Mohammad Zadehd 

a Department of Architecture and Urban Studies, Politecnico di Milano, Via Bonardi 2, 20133 Milano, Italy. 
b Department of Energy, Politecnico di Milano, Via Lambruschini 4, 20156 Milano, Italy. 

c Department of Civil and Environmental Engineering, Politecnico di Milano, Piazza Leonardo da Vinci 32, 20133 Milano, Italy.  
  d  Department of Architecture Built Environment and Construction Engineering, Politecnico di Milano, Via Ponzio 31, 20133 Milano, Italy. 

Abstract 

Rocinha, located in the city of Rio de Janeiro, is one the largest favela of Latin-America. Founded in the early 1930’s it is now 
home of more than 160000 inhabitants, and it is characterized by low water quality, poor housing, lack of drainage and sanitation 
systems, and of green and public spaces. This paper presents the preliminary results of a joint research project between the 
Politecnico di Milano and the Federal University of Rio de Janeiro (UFRJ) for the improvement of the urban quality, health, 
livability and inclusiveness of Rocinha, that moves from an upgrading process of the environmental performance of the existing 
built environment. The project, in the frame the social responsibility program of Politecnico di Milano (Polisocial), is based on a 
multidisciplinary and integrated design methodology named IMM (Integrated Modification Methodology). The research aims to 
demonstrate that in a planet where the informal settlements are exponentially growing, strategies to improve the quality of life of 
their inhabitants are possible, and preliminary results, mostly achieved in the diagnostic phase of the process, are presented. 
Rocinha is seen as a complex system that has been investigated in its own morphological structure and the related environmental 
performance, focusing on: climate and energy, ecosystem services, waste management and their relation with urban morphology. 
This phase opens up to the next phases, specifically the intervention and retrofitting, that intend to select intervention areas and 
priorities and then to objectively size the implementation in Rocinha. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of KES International. 

Keywords: Energy efficiency; Sustainable urban design; Slums upgrading; Environmetal performances; Complex Adaptive System   

 

 
* Corresponding author. Tel.: +39 02 2399 5744; fax: +39.02.2399.6237. 

E-mail address: massimo.tadi@polimi.it 

 A. Arcidiacono et al. / Energy Procedia 00 (2017) 000–000 

1. Introduction 

By 2050, 75% of the world’s population is projected to be living in cities [1] and 60% of it will be living in 
informal settlements or slums. In these areas, 60 % of the necessary infrastructure is yet to be built [2]. 

In a planet where favelas/slums growth continues, the aims to optimize their environmental impact together with 
the improvement of the quality of life of their inhabitants become crucial [3]. This paper aims to highlight the 
unexpected qualities inherent to informal settlements, in particular the consolidated ones such as in the case of Rio 
de Janeiro [4], and the potential lessons they can offer for a sustainable urbanization. Rio de Janeiro, the second 
largest city in Brazil and the third largest metropolitan area in South America, with over 6.3 million inhabitants, 
approximately 22 % of whom live in favelas, is an interesting case study to investigate urban upgrading [5]. The 
paper will focus, in particular, on the case study of Rocinha, the biggest favela in South America. 

 Following the Integrated Modification Methodology (IMM) [6], Rocinha is considered as a specific urban 
complex adaptive system (CAS). The paper moves from an objective evaluation of its morphological organization 
and environmental performance, in terms of ecosystem services provision, toward the optimization of its 
unexpressed full-potential. In Rocinha many families live in extreme poverty, with needs related to livability and 
sustainability of their environment, such as internal mobility, drainage, sanitation, housing, public spaces, green and 
open spaces. In order to properly deal with “the issue of favelas” it is necessary to understand that favelas are not 
just an urban aberration, but rather a specific morphological organization, characterized by self-organized 
arrangement and weak connection with the other parts of the city [7]. The idea that favelas, as systems based on 
self-construction, must be simply defined as “urban chaos”, does not permit to go beyond the attempts of their 
eradication or, on opposite, to assimilate them in the “formal” city. On the contrary, the work presented in this paper 
focuses on the upgrading processes in some of the basic services of Rocinha, unveiling its unique and proper 
potential [8]. The analysis reported in this paper resume the initial outcomes of a project developed by the 
Politecnico di Milano in partnership with the Federal University of Rio de Janeiro and “Il Sorriso dei Miei Bimbi” a 
non-profit organization engaged with the community of Rocinha to support actions for the education and the culture 
for children and youth. The project aims to contribute to the improvement of the urban and environmental 
infrastructure of Rocinha, identifying intervention priorities and actions rooted in a strong community engagement 
and defined by a full understanding of the peculiar morphological organization, characteristics and performance of 
the favela. The research offers also a fresh new contribution to the actual debate on the possible actions, policies 
methodologies and design strategies necessary to upgrade worldwide informal settlement [9].     

2. Context to literature  

    Over the course of its conceptual evolution, sustainability has been portrayed as an edifice supported by the three 
pillars of economic growth, environmental protection, and social progress [10]. It is commonly accepted that the 
goals of the sustainable development are manifested in the convergence of the above-mentioned areas of knowledge 
[11]. The interconnectedness of the development challenges within and in-between the three pillars showed the 
importance of an interdisciplinary approach for the sustainability research on new urgencies [12,13]. Nevertheless, 
many studies carried out in the field of sustainability resulted as significant institutional and structural obstacles to 
what an interdisciplinary study is supposed to pursue [14,15]. By solely focusing on the performance of individual 
buildings, sustainable architecture is trapped in the mono-disciplinarily of the environmental methodologies which, 
regardless of their wide audience, are not really making connections across the pillars of knowledge [16]. In recent 
years, it has been proven that concentrating on green engineering alone is not sufficient to achieve sustainability, 
since non-integrated efficient subsystems might obstacle the capacity of the entire system to be sustainable, and they 
may lead to socially unacceptable outcomes [17]. Therefore, sustainability must be quested in systemic and multi-
scalar manners, integrating all the built environment’s subsystems. 
   Considering the above mentioned methodological gaps, the Integrated Modification Methodology (IMM) offers a 
systemic procedure for analysing and modify urban morphology by addressing the various subsystems of the built 
environment. IMM’s main element of approach is the consideration of the built environment as a complex adaptive 
system (CAS). Complex systems are recognized to be decomposable in their parts and arranged in diverse levels, 
with a profound mutual relationship between their subsets [12]. The IMM is structured around dismantling and re-
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fusing the urban subsystems and studying the relationships between them. This requires an effective 
interdisciplinary approach, able to brace the different functioning elements and to work on the reciprocal 
relationships between different subsets.  

3. Method  

The paper, following the IMM considers favelas as a CAS, and it moves from an objective evaluation of its 
morphological organization and environmental performance to a comparison with proposed alternatives, in order to 
evaluate and then improve their unexpressed full potential. IMM is an analysis and design methodology based on a 
nonlinear phasing process. With a holistic approach, the main aim of IMM is to deliver a new understanding of the 
city’s behaviour by decomposing it into its parts and studying the structure of its subsystems [18]. Unlike most of 
the current theories and methods, which, through simplifications, are inclined to offer generic and commandment-
like principles for urban sustainability, IMM proposes a systemic inquiry into the local structure of the built 
environment and it tends to include the sources of its complexity. In IMM local changes in system’s parts produce a 
chain reaction that ultimately will change the system globally. Relying on this principle, IMM tries to envision the 
indirect effects of the limited interventions beyond the local scale/subsystem, and explain how a collection of slight 
changes can produce considerable performance improvements in energy efficiency, environmental protection, and 
social wellbeing in our cities.  

The core of the methodology is an iterative process made of four main phases: Investigation, Assumption, 
Transformation and Optimisation. Investigation, being the first phase, consists basically in the creation of a model 
out of the urban system. Just like any other system, built environment is characterized by including parts and 
subsystems connected by complex relationships; during the investigation phase, the system is, thus, broken into its 
parts. Morphologically speaking, these parts for the cities are: urban volume, urban void, links, and urban function.  

After analyzing the four subsystems individually, the analysis proceeds by investigating the relationships among 
them. Hence, the subsystems are fused with each other, one by one. As the outcome of a conceptual chemical 
reaction, the result of fusing is more than overlapping the basic layers. In this step, six performing attributes of the 
built environment are studied. They are called Key Categories and are namely: porosity, proximity, diversity, 
interface, accessibility, and effectiveness (Fig. 1).  

Assumption is the second phase of IMM, and it includes the identification of malfunctioning in subsystems. It, 
moreover, takes the role of the transformation catalyst. It means that any intervention with the purpose of improving 
the entire system should start by upgrading the subsystem that showed to be the weaker. Only through the catalyst 
the scope of the transformation is actually defined. In this way, design principles for any project are locally defined 
according to its very particular situation.  

 
 
 
 
 

 
 
 
 
 
 
 
 

Fig. 1. (a) The disassembling process of the CAS’s Horizontal components and Vertical ligands; (b) IMM a no-linear phasing process. P1, P2, P3 
and P4 stand for IMM Phases 1 to 4 which are Investigation, Assumption, Transformation and Optimization respectively. 

Transformation is the third phase; here various modification scenarios are tested into the project by means of the 
same modelling mechanism used in the investigation phase. Compared to the actual situation, these scenarios are 
evaluated and tested over and over until an acceptable modification scenario results.  
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Optimization is the fourth phase of the IMM, during which the outcome of the previous phase is subjected to 
retrofitting process.  At this point the system is expected to perform much better than it does in the actual situation.   

4. Analysis results 

IMM applied in Rocinha allowed to identify the areas where the potential of the context is yet unexpressed, and 
where major resources does exist. Considering the large scale of Rocinha, and the hidden diversity in its rather 
organic shape, it is necessary a holistic approach for viewing the morphology of the area in a systemic perspective.  

This view should reveal the morphological subsystems, and more importantly, the complex mechanism, which 
connects them and subsequently rules the functioning of the whole system.  

The goal is to understand where and how the limited local modification can influence the entire system and lead 
to tangible global improvement. 

4.1. Climate and Energy 

The Köppen Climate Classification subtype for the climate of Rio de Janeiro (and of Rocinha) is “Aw”, i.e. 
Tropical Savanna Climate [19]. The warmest month, on average, is February with an average temperature of 
26.9°C, whereas the coolest month is July, with an average temperature 20.8 °C. However, the temperature 
fluctuations along the year are limited and the same is true for night-to-day temperature shifts. The yearly minimum 
and maximum temperature are, on the basis of the weather data set adopted [20], 12.4 °C in August, and 37.0 °C in 
January respectively. The yearly average temperature is 24.0 °C. Since Rio shows a tropical climate, the relative 
humidity is quite high, varying in a range between 34 % and 100 %, with an average yearly value of 78 %. Only 1 % 
of the yearly hourly relative humidity values is lower than, or equal to 50 %. Monthly sifts between maximum and 
minimum values are not relevant. Weather data for Rio de Janeiro are summarized in Fig. 2.  

The average amount of precipitation for the year in Rio de Janeiro is 1172 mm. The month with the most 
precipitation on average is December, whereas the month with the least precipitation is July.  

 

 

Fig. 2. Rio de Janeiro climate analysis: on the top the yearly hourly global radiation, on the bottom left the monthly interquartile analysis for 
hourly temperature, on the bottom right the wind direction and velocity analysis. 
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Solar radiation is quite high and sky cover low, it means that there is abundance of solar radiation at the ground 
level and especially on rooftops, where shadows are limited. The sky cover index is for the 43 % of the year 
between 0 and 40, i.e. clear sky, for the 21 % between 40 and 80, i.e. partially overcast sky, and for the 36% of the 
time between 80 and 100, i.e. overcast sky. The average monthly solar irradiance on the horizontal plane at ground 
level is equal to 197 kWh/m2; 68 % of it is due to direct beam radiation and 32 % to diffuse radiation. It is a quite 
stable value, varying from a maximum of 236 kWh/m2 in January to a minimum of 162 kWh/m2 in June. 

The wind direction is quite stable too, blowing mostly from North to South (38 % of the values) or from South to 
North (17 % of the values). The wind velocity may reach values higher than 14 m/s; however, the majority of values 
are included in the range between 0 and 5 m/s. 

Data on average energy consumption for the favela of Rocinha are very difficult to be found; we will therefore 
refer to data for Brazil and for Rio de Janeiro as summarized in Table 1. The average yearly consumption of 
electrical energy in Rio de Janeiro is in line with the national data, and equal to 2481 kWh/inhab, i.e. 207 
kWh/inhab circa, per month [25, 26]. The figures for Rocinha are probably slightly lower, since the favela is mostly 
composed of low-income households. A study available in the literature for Rio, reports reference values for low-
income households ranging from 190 to 250 kWh/month per household [24], another study referred to 2002 data, 
reports an average value of 103.19 kWh/month per household  [25]. Electrical energy represent the principal energy 
carrier in Rocinha, since natural gas is used typically for cooking only; moreover, a study referred to the city of São 
Paulo, shows that electricity consumption may be a reliable predictor of household income [26]. 

This data, if compared to the average monthly solar irradiance on the horizontal plane at ground level, reported in 
the climate analysis, i.e. 197 kWh/m2, shows that solar energy may be effectively exploited to balance a substantial 
part of the households’ energy consumption in Rocinha. Early results for a solar map potential, referred to a focus 
area in Rocinha, shows, in fact, a large amount of solar energy potentially convertible into electrical energy by 
means of low-cost photovoltaic panels, or into thermal energy by means of solar thermal panels (Fig. 3). 

     Table 1. Energy data for Brazil and Rio de Janeiro for year 2015 

Energy indicator (year 2015) Quantity Rate from renewable 

Brazil total yearly energy consumption per capita  1.27 toe/inhab 41.2 % 

Brazil yearly electrical energy consumption per capita  2547 kWh/inhab 75. 5 % 

Rio de Janeiro yearly electrical energy consumption per capita  2481 kWh/inhab n.a. 

 

 

Fig. 3. Early study of solar potential map for Rocinha; the plotting reports the yearly solar energy impinging on the roof surface of buildings. 
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4.2. Ecosystem services assessment: a multi-scale approach for natural resources management 

The rapid urbanization process occurred in the last decades in Rio de Janeiro has involved more than 1.4 million 
people that nowadays live mostly in dense favelas, informal urban settlements [27] characterized by a consolidated 
built environment, morphologically recognizable, and by strong social identity and “sense of belonging” [28, 29].  

As several favelas, Rocinha is characterized by a dense, continuous built environment, with a high degree of 
impervious surfaces, result of an intense and spontaneous development. Rocinha presents a low level of 
environmental and ecological performance, without a regular sewage system, with high density housing condition, 
reduced distances and narrow spaces between buildings, rare public spaces for social use, and the absence of urban 
green areas rather than any other type of open spaces that traditionally characterize the physical structure of a 
“planned” urban environment. Nonetheless, the character of urbanity is rather relevant even without a compulsory 
land use planning regulation. Rocinha has the social and physical features of a formal city, although the socio-
economic and environmental conditions are particularly complex and critical. Considering the ecological 
characterization, the urbanization of Rocinha and other favelas of Rio de Janeiro region have radically modified the 
ecological features and the provision capacity of Ecosystem Services (ES) in the metropolitan area. 

ES are commonly defined as “the benefits that humans obtain from Ecosystem functions [30,31], or as direct and 
indirect contributions from Ecosystems to Human Well-being” [32]. At least, ES are the set of processes and 
conditions that make possible the existence of human life in Natural Ecosystems. The capacity of an ecosystem to 
provide services strictly depends on the Land Use and Land Cover (LULC) quality and on their biophysical 
conditions [33]. The ES potentially provided by the LULC are acknowledged as a key condition for linking human 
and natural systems for environmental management [34,35] and for spatial planning process aimed at increasing 
sustainability. The impact assessment of intensive ecological transformation of Rocinha area and its surroundings, 
and related ES degradation, is one of the main challenges to the process of urban revitalization. The high dense and 
compact urbanization process determines: habitat quality decrease caused by the sealing and fragmentation as well 
as the loss of natural green areas; the alteration of the water cycle; the depletion of landscape value and the 
instability of the climate regulation concerning heat island and water filtering condition.  

Considering the multidisciplinary approach of the project, the IMM methodology has been integrated with the 
assessment of the ES “state and trend” to support decision-making processes aimed at defining strategies and design 
priorities for natural resources management to retrofit ES in a future scenario. The assessment of ES in Rocinha 
requires the adoption of a multiscale approach that combines the local scale investigation (which has been applied to 
the analysis of other research units), with a broader/large scale suitable for ES evaluation.  

The ES considered are: Habitat quality, Carbon sequestration, Nutrient retention and Sediment retention. The 
mapping and assessment process has been settled using InVEST system (Integrated Valuation of Ecosystem 
Services and Tradeoffs), free software developed by the Natural Capital Project. InVEST is a tool for geographic, 
economic and ecological accounting on ES, designed to support territorial and urban planning in the decision-
making process concerning the restoration and conservation of the natural capacity of soil to provide ES [36]. 

The decision to use InVEST as a software for ES mapping offers the possibility to have a comprehensive set of 
models including the possibility to add eventually an economic evaluation, to use a multi-layer analysis and to 
compare different scenario (current and future). Considering the ES selected and the geomorphological condition of 
Rocinha and its surrounding areas (the favela is placed on a steep mountain slope in the Tijuca National Park 
bordering it to the north [37], the scale of analysis considers a wider area of interest (AOI) which includes the 
sorrounding sites of Rocinha that should be included as an ES supplier. Therefore, two scales of analysis has been 
used for the IMM analysis: the urban ones, focused on Rocinha, and the ecological ones, considering the overall ES 
supply areas. The adoption of the ecological scale for ES assessment allow interactions between the urban analysis 
of Rocinha with the overall framework for ES capacity. Such approach recognizes the institutional dimension as the 
perimeter where services are generated, valued and managed. Moreover, it allows to partially solve the mismatches 
between the governance and management dimension of ES and their supply which traditionally affected the spatial 
representation and implementation of decision-making process [38]. Considering the ecological scale, the AOI 
selected was the Metropolitan area of Rio de Janeiro with a territorial extension of 10,257.12 km2. 

The mapping and assessment of ES requested an inputs dataset construction, which has been related to LULC 
information. Notably, each ES model is based on LULC and the geometric resolution and data precision are crucial 
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Solar radiation is quite high and sky cover low, it means that there is abundance of solar radiation at the ground 
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stable value, varying from a maximum of 236 kWh/m2 in January to a minimum of 162 kWh/m2 in June. 
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refer to data for Brazil and for Rio de Janeiro as summarized in Table 1. The average yearly consumption of 
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area in Rocinha, shows, in fact, a large amount of solar energy potentially convertible into electrical energy by 
means of low-cost photovoltaic panels, or into thermal energy by means of solar thermal panels (Fig. 3). 

     Table 1. Energy data for Brazil and Rio de Janeiro for year 2015 

Energy indicator (year 2015) Quantity Rate from renewable 

Brazil total yearly energy consumption per capita  1.27 toe/inhab 41.2 % 

Brazil yearly electrical energy consumption per capita  2547 kWh/inhab 75. 5 % 

Rio de Janeiro yearly electrical energy consumption per capita  2481 kWh/inhab n.a. 

 

 

Fig. 3. Early study of solar potential map for Rocinha; the plotting reports the yearly solar energy impinging on the roof surface of buildings. 
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Services and Tradeoffs), free software developed by the Natural Capital Project. InVEST is a tool for geographic, 
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The decision to use InVEST as a software for ES mapping offers the possibility to have a comprehensive set of 
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of Rocinha with the overall framework for ES capacity. Such approach recognizes the institutional dimension as the 
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for a reliable output. The construction of the land use dataset was the fundamental step required to harmonise the 
land cover classification system of Rio de Janeiro’s area and design a suitable layer for all the IMM analysis.  

Considering the above-mentioned institutional dimension where Rochinha is placed, the LULC has been settled 
with the highes geometrical resolution and a detailed land use classification. Such methodological step was of great 
importance to highlight the clustering differences among the continuous urban pattern such as the presence of 
permeable surfaces, rather than the existence of fragmented subgroups and sub-locations with a less dense urban 
pattern. Three main databases were used for the construction of the LULC layer, as illustrated in the Fig. 4: 

• Land use maps of Rio de Janeiro provided in 2004 by the Instituto Municipal de Urbanismo Pereira Passos; 
• Land use maps of Brasil elaborated in 2014 by Ministério do planejamento, Desenvolvimento e gestão; 
• Mapa de Cobertura; 
• OpenStreetMaps – OSM, as a project aimed at collecting geolocated information from volunteers to expedite and 

facilitate the process of LULC mapping providing training samples and accessing the accuracy of classification’s 
output. The available layer used were roads, buildings and waterways, natural and land use features, The OSM 
data has been downloaded from the official data provider Geofabrik in February 2017. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Fig. 4. (a) The Land use maps of Rio de Janeiro, (b) Land use maps of Brazil, (c) the detailed information of OSM. 

The integration of different sources required a harmonisation of LULC classification system to achieve a 
homogeneous legend/nomenclature that fits each land units. The legend has been settled according to the Corinne 
Land Cover (CLC) classes - Copernicus, an inventory set up in 1985, composed by 44 land cover classes, promoted 
by European Commission. The LULC maps (Fig. 5) were then integrated with the building survey of Rocinha 
elaborated by the local research group. The integration of the analysis allows gathering details of urban 
morphologies and achieving an ES distribution also in dense urbanized areas. The output database will be the 
primary layer used for ES mapping and assessment required by InVEST. The next steps of the project will be 
mainly related on the ES mapping starting from the LULC database created with the methodology proposed above 
and considering the LULC as the core elements for running all the InVEST models. The ES mapping will be used 
for estimating the possible project actions to consider according with ES provision. 

 
 
 
 
 
 
 

 

 

Fig. 5. The achieved LULC maps. 
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4.3. Waste management 

Underlining the importance of a proper Solid Waste Management (SWM) is worthy, as residues can generate 
pollution and contamination of water, and their environmental impacts can affect seriously public health, becoming 
a source of diseases. Other tangible consequences of improper management concern landscape degradation, which 
influences not only the appearance, but also wellbeing and liveability. On the other side, waste can become a 
resource, in terms of material and energy, if properly managed. 

A SWM is based on several steps, such as collection, treatment and final disposal of waste. Collection can absorb 
up to 70-80 % of the entire budget, especially in low-income countries. Besides economical sustainability, other 
concerns for SWM in developing countries are equity in service provision and excessive reliance on imported or not 
appropriate technologies [39]. Brazil cannot be considered a developing country; nonetheless, a really high level of 
inequity characterizes it, of which favelas are the evidence. These issues are likely to affect Rocinha, due to its 
social and urban characteristics. A first step to deal with SWM is to understand the regulation framework in force, 
necessary to identify the actors of the waste management systems and the existing strategies (if any). 

Laws on environment and waste management exist over three administrative levels. The state of Rio de Janeiro 
approved in 2003 a Policy for Solid Waste, which foreruns the National Policy for Solid Waste, a federal law 
established in 2010. Relevant legislation for the Municipality of Rio de Janeiro include the PMGIRS, a municipal 
plan for integrated solid waste management, published for the first time in 2008, and several laws on public health 
and sustainable development. Moreover, Rocinha became officially a neighbourhood of Rio de Janeiro since 1995, 
when it was identified as the Administrative Region XXVII. A consequence of this acknowledgement is the 
inclusion inside public programs such as Programs for Acceleration of Growth (PAC). The project “Rocinha PAC-
2”, carried out by the public company Empresa de Municipal Obras Públicas (EMOP), was focused on sanitation, 
with the purpose of improving drainage and sewage networks and waste collection. Compactors and underground 
storage were suggested to solve illegal dumping, together with collection points and cleaning campaign.  

A study [40] performed under the umbrella of “Rocinha PAC-2” described the situation inside the favela: due to 
a discontinuous collection service, waste were spread everywhere, occupying the sidewalk and impeding pedestrian 
mobility. Main problems were related to waste accumulation and presence of animals, with consequent possibility of 
pest spreading, and the simultaneous use of the existing channels network for drainage, sewage and waste disposal, 
causing floods during rainy periods. Interventions on the inadequate waste management were consequently 
addressed as urgent, due to the high health risk. 

Thus, the lack of policies and regulations does not seem to be a major problem, and public authorities are aware 
of the situation. Interventions on SWM in the favela were expected, and it is necessary to assess their success and 
efficacy. Meanwhile, providing a description of the overall SWM system and its weakness is possible.  

Waste management in Rocinha is performed by Comlurb, a public company charged with the collection, 
treatment and disposal of municipal solid waste in the whole Municipality of Rio de Janeiro. Waste collected in 
Rocinha is transferred to the Transfer Station (ETR) of Caju, and moved to the controlled landfill of CTR-Rio 
Seropédica, in which treatment of leachate and landfill gas burning are performed. Besides, particular waste streams, 
such as organic or construction and demolition wastes, are already addressed, at least on a pilot scale. 

Inside the boundaries of Rocinha, waste collection phase is the most relevant, as consequences on public health 
can derive from service continuity, coverage of the area and scaling of the system. According to some field 
information, collection is performed on a daily basis, and containers are mainly located on the street (Estrada da 
Gavea) which crosses Rocinha, leaving wide areas of the neighbourhood totally uncovered. 

Concerning waste production, official data on collected domestic and public waste are available on the behalf of 
Comlurb. An increasing trend is observed on the whole area of Rio de Janeiro since 1990, reaching 3 millions of 
tons in 2014. In the same year, 35329 tons of domestic and public waste were collected in Rocinha [41].   

Further evaluation on waste production in Rocinha should take into account the existence of streams, which are 
not included in this value, since they are not collected by Comlurb. Coverage of waste collection range from 58 %  
[42] to 98 %. Estimations are usually done also in terms of average per capita production, but in the case of an 
informal settlement, the lack of reliable information on population would affect the data. However, the investigation 
commissioned for “Rocinha PAC-2” provides some approximate values, assessing the daily waste production at 97 
t/d, varying from winter (80-90 t/d) to summer (100-130 t/d) and the production per capita at 0.67 kg/inhab/d of 
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domestic waste and 0.33 kg/inhab/d of public waste (e.g. deriving from street sweeping). Besides waste generation, 
it is important to assess also the composition of waste produced. Data for Rocinha are available for a single year and 
are based on a sampling campaign performed by Comlurb on informal settlements [43]. During this campaign, 21 
favelas were analysed. Results are illustrating an abundance of organic matter, followed by plastic and paper or 
cardboard. This composition should be taken into account for further evaluation. 

5. Discussion 

The literature shows that a very strictly sectorial approach in sustainable urban design could result in neglecting 
mutual interdependencies between the different parts of the urban environment. Conversely, in this paper some 
research findings, mostly from the diagnostic phase of the process, have been presented to demonstrate how a fully 
integrated approach that focuses on the interdependencies between climate and energy, ecosystem services, waste 
management and urban morphology, can better address the research questions. Moreover, the literature shows a gap 
in the actual practice on favelas’ upgrading process that mostly concentrates on social problems and on assimilating 
favelas to the “formal” city. Our research tries to fill the methodological gap in knowledge and practises about 
“Favelas Upgrading” processes [44] by considering that they are not just an urban aberration, but rather a specific 
morphological organization made of self-organized subsystems. Hence, Rocinha, seen as Complex Adaptive 
System, has been investigated in its own morphological structure and the related environmental performance, 
providing a promising result in terms of the analysis approach and the consequent practical applications. 

6. Conclusions 

Being the largest favela of Rio de Janeiro, Rocinha is one of the most particular informal urban settlements of the 
world. Almost disconnected from the rest of the city, it is characterized by a super dense self-evolving morphology 
home to many of Rio’s citizens who are struggling to meet their urban needs of the very basic kind. This paper 
presented a multidisciplinary perspective for viewing Rocinha as a resourceful system offering much not only for its 
own functional improvement but also for playing the role of a partial environmental absorber in Rio. It highlights 
the necessity to understand the systemic structure of the area and diagnose the potential opportunities rooted in the 
existing threats. Here, some of the mentioned opportunities in morphological flexibility, energy production, and 
waste treatment have been investigated, which from a holistic point of view for shaping a functional system with its 
own parts and relationships. The performing boundary of this system can be used for defining an appropriate scale 
of the possible interventions. The next step will be to identify the morphological subsystems and their complex 
connection mechanisms. 
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cardboard. This composition should be taken into account for further evaluation. 

5. Discussion 

The literature shows that a very strictly sectorial approach in sustainable urban design could result in neglecting 
mutual interdependencies between the different parts of the urban environment. Conversely, in this paper some 
research findings, mostly from the diagnostic phase of the process, have been presented to demonstrate how a fully 
integrated approach that focuses on the interdependencies between climate and energy, ecosystem services, waste 
management and urban morphology, can better address the research questions. Moreover, the literature shows a gap 
in the actual practice on favelas’ upgrading process that mostly concentrates on social problems and on assimilating 
favelas to the “formal” city. Our research tries to fill the methodological gap in knowledge and practises about 
“Favelas Upgrading” processes [44] by considering that they are not just an urban aberration, but rather a specific 
morphological organization made of self-organized subsystems. Hence, Rocinha, seen as Complex Adaptive 
System, has been investigated in its own morphological structure and the related environmental performance, 
providing a promising result in terms of the analysis approach and the consequent practical applications. 

6. Conclusions 

Being the largest favela of Rio de Janeiro, Rocinha is one of the most particular informal urban settlements of the 
world. Almost disconnected from the rest of the city, it is characterized by a super dense self-evolving morphology 
home to many of Rio’s citizens who are struggling to meet their urban needs of the very basic kind. This paper 
presented a multidisciplinary perspective for viewing Rocinha as a resourceful system offering much not only for its 
own functional improvement but also for playing the role of a partial environmental absorber in Rio. It highlights 
the necessity to understand the systemic structure of the area and diagnose the potential opportunities rooted in the 
existing threats. Here, some of the mentioned opportunities in morphological flexibility, energy production, and 
waste treatment have been investigated, which from a holistic point of view for shaping a functional system with its 
own parts and relationships. The performing boundary of this system can be used for defining an appropriate scale 
of the possible interventions. The next step will be to identify the morphological subsystems and their complex 
connection mechanisms. 
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