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Abstract

In recent decades, the increasing number of digital platforms, such as Uber, iFood, and Airbnb, and their influence on how cities are
produced and managed have stimulated debates about the relationship between digital and urban spaces. Given this scenario, this
article aims to analyze the development of the Internet as an infrastructure at different scales and historical moments, based on its
spatial aspects, to constitute what we call urban-digital layers. We initially present the development process of the Internet as a
global and national infrastructure in the 1990s and 2000s. Next, we analyze the presence of iFood dark kitchens in the Gléria
neighborhood of Rio de Janeiro, Brazil, indicating how the platform spatializes a service infrastructure locally. We extracted data on
one hundred establishments from the Ifood website using Python code. Each establishment was searched on Google Street View
and classified as a traditional restaurant or a dark kitchen. Of this total, 64% are dark kitchens, generally concentrated in less central
and less busy streets. Based on this and other processes, we indicate how platforms have constituted urban-digital layers that
complicate the process of city production and management, generating new dynamics and spatial typologies. Finally, we propose
an interpretation of the relationship between the digital and the urban in Brazilian cities, based on global trends and the socio-spatial
particularities of each location, as an expression of the presence of digital platforms in the Global South.

Keywords: Digital platforms, Urbanism, Infrastructure, Internet

1 Introduction

Digital communication technologies have significantly affected social interactions with urban spaces and have been extensively studied for
over a decade. Although the first public call made by a cell phone took place in 1973, it was only more recently that the phenomenon became
popular, along with advances in wireless Internet, that it significantly impacted society (Katz, 2008) . Since then, mobile communication has
substantially changed the dynamics of urban sociability, adding new information layers. Today, the convergence of location technologies,
GPS, wireless Internet, and social networks makes it possible to create several devices for interacting with the city based on location (De
Souza & Silva, 2013). At the same time, the portability of interface devices, such as smartphones, allows access from virtually anywhere in
the city, transforming how we interact with and within urban spaces. Developing mobile location technologies stimulates the debate about
changes in urban and digital interaction.

These changes vary from one place to another, influenced by geopolitical dynamics, historical processes, and local specificities, giving rise
to tensions in the Global South that are often not evident in the countries where the dynamics of digital platforms originate. Navarrete
Escobedo (2020) exemplifies this phenomenon by demonstrating how the Airbnb platform has transformed real estate dynamics in
connection to the historically established relationship of inequality between Mexico and the United States. Pollio (2021), in turn, indicates
how Uber and urban infrastructure interact in the Indian and South African contexts, acquiring specific expressions according to the
characteristics of the preexisting city. This article aims to analyze the development of the Internet as infrastructure at different scales, based
on its spatial aspects, to constitute what we call urban-digital layers. We trace an analytical path from the global to the local scale, beginning
with the constitution of the global Internet infrastructure, moving on to its implementation in the Brazilian context, and concluding with the
analysis of dark kitchens — one of the new spatial typologies that unfold from the interaction between the digital and the urban — in the built
environment of the Gléria neighborhood, in the city center of Rio de Janeiro, Brazil.

2 Methodology

We start analyzing the Internet's global infrastructure through narratives highlighting critical aspects of the development process of
computers, the Internet, and the Web. We then present the physical elements that make up this infrastructure. Subsequently, we summarize
the Internet development in Brazil with articles and reports from the Brazilian Internet Steering Committee (CGl.br). We then propose the
category of the urban-digital layer to analyze the interaction between the digital and the urban and deliver a study about iFood's dark kitchens
in the Gldria neighborhood. We present the company's history and collect data from the platform using Python code and web scraping
techniques. We improve this data by consulting the addresses of the dark kitchens on Google Street View and present an analysis of this
data, focusing on the spatial aspects of the dark kitchens identified. Finally, we return to the analyses made in the first two sections,
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emphasizing how contemporary cities acquire increasingly complex urban-digital layers to argue that their analysis must consider the multi-
scalar character of the digital today.

3 Digital as a Global and National Infrastructure: Internet and Urban-digital Layers

The 1960s can be considered the starting point in the Internet’s history, as indicated by existing narratives about the development process
of the Internet and the web (Ryan, 2010; McCullough, 2018). During this period, the first networks for connecting computers began to be
developed, based on decentralizing the structure of telecommunications networks and formulated for sharing military information (Ryan,
2010). The Internet resulted from the need for information to circulate, similar to traditional telecommunications networks established from
the 19th century onwards and whose final devices were the telegraph, telephone, radio, and television. In the 1990s, the Internet experienced
its diffusion moment with the development of the World Wide Web (WWW, or simply the web). As a system for circulating hypermedia
documents (such as texts, images, audio, and videos) linked by hyperlinks, the web made it possible to browse the Internet. In this same
process, computers stopped being large machines aimed at extraordinary activities. They became leaner and more versatile, used for trivial
activities, intensified in the 1970s, and included the creation of devices such as the personal computer (PC), the laptop, and the smartphone
(Ryan, 2010; McCullough, 2018).

Although the Internet is often interpreted as invisible, immaterial, magical, and superhuman, especially after the development of wireless
technologies and mobile devices, its materialization can be seen on different scales. Today, the global Internet infrastructure consists of a
network of 529 submarine cables that total approximately 1.5 million kilometers in length (TeleGeography, 2023) and derive from the
telegraphy infrastructure initiated by Great Britain in the 1860s (Winseck, 2017). The construction of submarine cables only reached a scale
similar to that of the 19th century from 1997 onwards, defining a global network built and managed by large companies, multinational
consortiums, and local governments and impacted by geopolitical disputes (Winseck, 2017).

This global infrastructure is also made up of data centers, sometimes called digital factories, where the data we think of as being in an
ethereal dimension, which we call the cloud, is stored. According to what Cloudscene indicates on its website, the importance of the data
center real estate market is growing worldwide (Cloudscene, 2024). The telecommunications company in question estimated 10,593 data
centers worldwide, according to research available on the Statista website with free registration (Taylor, 2024). Zalis (2021) emphasizes the
data centers' materiality and social and environmental impacts. Much of this infrastructure — also composed of other physical elements,
such as terrestrial cables, antennas, transmission towers, and domestic cabling — results from changes in the way the telecommunications
industries were organized from the 1990s onwards: from monopolies, some formed by state-owned companies, to free competition between
private companies of different sizes (McCullough, 2018).

The implementation of Internet infrastructure in Brazil followed this path. Although its antecedents date back to the 1970s (Benakouche,
1997), the first connection in the country officially took place in Rio de Janeiro in 1992 through an academic network developed by the
National Education and Research Network (RNP) and connected during the United Nations Conference on Environment and Development
(Rio-92) (Knight, 2016; RNP, 2022). In 1998, with the creation of the General Telecommunications Law (Law No. 9,742/1997), the
privatization of Brazilian telecommunications placed competition between private companies as a strategy for the expansion of broadband
infrastructure, with the State acting as a regulatory agent (Marques & Lemos, 2012; Knight, 2016). In the following decades, Internet
penetration in the country dealt with diverse spatial, social, and economic factors. Among them, regional inequalities, divergent interests
between the State and operators — who prioritized serving the metropolises since there is a more significant financial return on the necessary
investment in infrastructure — and social inequalities, which were expressed in the conditions of access and in the behavior of using digital
devices (Marques & Lemos, 2012; Knight, 2016).

The TIC Domicilios report, a survey conducted since 2005 by the Brazilian Internet Steering Committee (CGl.br), demonstrates the
transformation undergoing in the country in terms of Internet penetration: in 2005, only 21% of Brazilian households were connected to the
Internet, while in 2023, 84% of households had a connection. The changes in digital behavior are also notable: in 2005, access was mainly
via desktop computer — 12.8%, compared to 4.5% via cell phone and 70.3% without Internet access in the three months before the survey.
In 2023, 84% of respondents had accessed the Internet in the previous three months; of this total, 58% accessed via cell phone and 42%
via cell phone and computer (CGl.br; 2006, CETIC.br, 2024).
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In this process, the relationship between digital and urban space manifested differently. Back in the 1990s, the city of Pirai, in the south of
Rio de Janeiro state, Brazil, pioneered digital inclusion involving physical infrastructure and training, facilitating access to the Internet for its
residents. In the 2000s, a more comprehensive phenomenon emerged, such as LAN houses and spaces for Internet access that served as
an alternative to a still incipient infrastructure (Barbosa & Cappi, 2010). LAN houses added a new layer to cities as a network of spaces
managed by the local population, combining the possibility of access to cyberspace and, at the same time, the power of physical space as
a place for meeting and sociability. During this same period, orkontros (meetings organized through the social network Orkut by groups of
people who shared interests) began to occupy public spaces and shopping centers in Brazil.

This relationship has intensified with the popularization of mobile devices, making the boundaries between the physical and the digital
increasingly blurred and stimulating so-called hybrid spaces, that is, spaces that “combine the physical and the digital in a social environment
created by the mobility of users connected through mobile technology devices” (De Souza e Silva, 2006, p. 263). Throughout history, different
expressions of the interaction between the digital and the urban have added to the city what we call urban-digital layers: layers that merge
physical spaces and information in a multi-scale network structure. The history of the Internet demonstrates how it has added new elements
to urban spaces located in diverse ways in cities.

Reading from different layers and scales helps us understand the dialectics of this tangle of digital and urban networks that intersect, merge,
or coexist. In the 2010s, digital sharing economy platforms intensified this dynamic with applications that enable real-time interaction with
the city. They complicate these layers, as they benefit from the accelerated circulation of capital and a historical process of commodification
of towns. Below, we analyze the iFood platform in the context of the Gléria neighborhood in Rio de Janeiro, Brazil, to illustrate how one of
these urban-digital layers manifests itself on a local scale.

4 Digital Materialized on a Local Scale: iFood's Dark Kitchens in the Gléria Neighborhood

IFood is a Brazilian company that deals with food delivery. It mediates delivery orders by connecting customers, restaurants, and delivery
workers through the Internet infrastructure. It is the largest delivery company in Latin America and is present in Argentina, Mexico, and
Colombia. IFood’s history began in 1997 with Disk Cook, offering a printed menu guide and a call center. Initially, the service used the
telecommunications network to operate. Over time, the company grew and began to face typical difficulties of the telephone system, from
delayed calls to signal problems and incorrectly written addresses, among others (Marques, 2023).

In 2011, the company began its website operations under the name iFood. Smartphone use was becoming popular in Brazil and was
restricted to specific consumers, so most orders were placed on the website. The IFood application for iPhone, launched in 2012, worked
with a geolocation system and established the platform in the market. It was capable of receiving several orders within the software at the
same time. What seems simple today, at that time, represented a significant transformation since most restaurants depended on a telephone
line — which, in addition to receiving only one order at a time, required a specialized employee to answer and take orders. Thus, creating a
digital system connected to the Internet meant more orders in less time for the restaurant and reduced the number of employees.

The popularization of smartphones consolidates the era of digital platforms. In this process, iFood expanded and started investing in
technology for user security and payment data, culminating with the app's payment system and, more recently, the launch of a meal voucher,
iFood Beneficios. The delivery rider’'s system — current in cities today — did not exist from the beginning, so the app was merely an ordering
intermediary, and the restaurants carried out the food delivery itself. The delivery system was implemented in 2015, registering self-employed
riders on the platform. In 2018, iFood consolidated this logistics model by merging with the startup Rappido, which specializes in connecting
delivery workers to companies. Also, in 2018, the company acquired Pedidos Ja, a competitor with a strong presence in Latin American
countries, increasing its reach.

Today, the IFood platform operates in over nine hundred cities, with one hundred and thirty-one thousand restaurants and one hundred and
seventy thousand registered delivery workers. It is the most well-known (96%) and used (94%) delivery app in Brazil, according to a survey
conducted by Opinion Box in 2023 and published on the platform's website (iFood, 2023). iFood was created to deliver ready-made food,
that is, working with restaurants. It began to diversify its operations, offering purchases from grocery stores, supermarkets, pharmacies, and
other goods, with the entry of this type of competitor into the Brazilian market. The development and consolidation of digital delivery platforms
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in the food market also boosted a trend already establishing itself as an option to reduce the cost of setting up new restaurants or expanding
units: dark kitchens.

Dark kitchens, or ghost kitchens, are commercial kitchens used exclusively for delivery operations, “food establishments that focus solely on
meal delivery and do not have physical storefronts or areas for local consumption” (Hakim et al., 2022, p. 2). The location is set up with the
necessary equipment to prepare meals. Still, it does not have a dining room or reception area for customer service or identification of the
establishment on the property's facade. It does not allow viewing of how the food is prepared. That includes shared space kitchens, where
several restaurants rent and share the same space, and residential kitchens, where small family businesses are set up.

An individual operator can sometimes manage several small restaurants in a single kitchen. From an urban perspective, they have spawned
a new real estate sector attracting investors: dark kitchen coworking. In Brazil, Kitchen Central is the largest company in the industry and the
Brazilian arm of the global CloudKitchens, created by Uber co-founder and former CEO Travis Kalanick. According to architect and urban
planner Nabil Bonduki, they have been installed in mixed-use neighborhoods where residential use predominates. Bonduki highlights that
“since licensing is done individually, the building is first licensed as a coworking space, and then each kitchen begins to operate without
individual licensing” (Bonduki, 2022, p. 1).

Given its clear relevance and dominance in the market, we mapped dark kitchens in the Gléria neighborhood in Rio de Janeiro, Brazil, based
on data from restaurants on the iFood platform. The study's territorial scope was selected because of its diversity of urban situations. This
historic neighborhood is located in the city center, on the border with the South Zone. After years of devaluation, Gldria is facing a gradual
gentrification process, with the implementation of urban renewal projects — such as the Dias de Gléria Program — and a consequent
increase in tourism. In this sense, the neighborhood presents increasingly more urban-digital layers, with a strong presence of platforms
such as Airbnb and Uber, for example.

Mapping establishments allows us to analyze their effects on urban space and to perceive their characteristics through a qualitative approach,
aiming to understand the patterns and demands that this establishment type generates for the place where it is installed, such as the
accumulation of bicycles, motorcycles, and delivery workers on the sidewalks, or the blind facade effect, which occurs when the
establishment has no storefront or entrance for customers. Hakim and co-authors (2023) conducted a study on dark kitchens in Brazilian
cities in the state of Sdo Paulo, scraping data from the iFood website and processing it manually. The authors analyzed the dark kitchen's
development in three urban centers in Brazil based on iFood, showing that, despite the impossibility of accessing all the data owned by the
platform, it is possible to use the data that is available to the user/customer in the interface itself, processing it manually afterward.

We started filtering the iFood website to find restaurants near the Gléria neighborhood using the geolocation on the website interface. By
sharing our location, we obtained a list of restaurants sorted by distance. We extracted the first one hundred establishments from that list,
using a Python code written in Google Colab, based on the Web Scraping technique applied by Barbosa (2021). Running the code generated
the table shown in Figure 1, downloaded in CSV format to be managed in Excel. It initially contained the name of the restaurant, the distance,
the rating (from zero to five), and the type of food (Brazilian, Pizza, Snack, among others). To analyze dark kitchens, we need to classify the
restaurant as a dark or traditional kitchen. No information in the delivery app interface generally distinguishes ghost establishments from
traditional ones.








https://www.google.com/maps/d/edit?mid=1D1X1Ik5rGsPqE4B9RCwWoNpwqqsoEMA&usp=drive_link
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First, 64% of the establishments analyzed are dark kitchens, predominating within those available on the platform in this spatial section.
There are, however, restaurants registered at the same address, indicating the use of more than one kitchen in a shared space. Some
addresses are repeated in more than five restaurant profiles with different types of food. Hakim and co-authors (2023) indicate that
restaurants may use other names to circumvent the app's metrics. The authors show that this can be an interesting strategy when, for
example, a restaurant's profile receives low reviews and the platform stops showing it as the first option. Thus, creating a new profile can
provide opportunities to stand out. In contrast, a virtual kitchen in a standard restaurant (with a different menu) can create new opportunities
for the space.

Regarding the food type, the “Snacks” category stands out among ghost kitchens, with thirteen restaurants within a one-kilometer radius,
followed by “Japanese” and “Lunchboxes.” For traditional establishments, “Brazilian” restaurants predominate, followed by “Snacks” and
“Bakery”. The map analysis showed a concentration of dark kitchens on some residential and less busy streets, generally located on uphill
and hillside access roads to the Santa Teresa neighborhood (next to Gléria), and conventional restaurants generally on the main and busiest
streets. This aspect is also present in Hakim and co-authors' study, which found a higher density of traditional restaurants in the central
regions of the cities analyzed, with dark kitchens at a greater average distance from this central area (Hakim et al., 2023).

In the presented case, Rua Riachuelo and Rua da Gloria are central and busiest, concentrating conventional restaurants. Dark kitchens are
located on the slopes around Santo Amaro hill, between the neighborhoods of Gléria and Catete, and on slopes towards Santa Teresa. Most
can be classified as residential dark kitchens (Figure 4) and run as family businesses at home. The dark kitchens in Gléria illustrate the
urban-digital layer that emerges from the interaction between the existing city and the iFood activities. As Hakim and co-authors (2023)
demonstrate, the typologies arising from this new model of urban-digital interaction result from functional aspects and dynamics specific to
the platform's production circuit. At the same time, as we indicate in our analysis, this phenomenon is intertwined with the existing city,
involving local urban, social, and economic aspects.

= R PedroAmérico, 715- Catete Q

588 R. Pedro Américo

®

Fig. 4: Residential type dark kitchen. Source: Google Street View © 2021 Google. Accessed 05/07/2024.
6 Thinking on Urban-digital Layers in Brazilian Cities

Digital delivery platforms, such as iFood, strengthen the idea of the Internet as an immaterial and invisible infrastructure, a trend indicated in
the first section on a broader scale and based on historical aspects. Since, within the platform, all kitchens are ghost kitchens and the food
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magically arrives at the customers’ homes, the material context in which the food is cooked loses importance. On the other hand, dark
kitchens express the materiality of most restaurants on the platforms and reflect specific characteristics of the urban context. In the case of
iFood's dark kitchens in Gléria, local specificities stand out, such as the presence of dark kitchens in areas and surroundings of favelas, such
as Santo Amaro. As a digital delivery platform, iFood is just one of the mechanisms of interaction between the digital and the urban today
and reinvents urban dynamics in Gléria, creating new forms of social and urban informality.

Every day, digital networks enable interactions on different scales: from social networks, such as Instagram and Twitter, which increasingly
shift spaces of sociability to the digital, to other shared economy platforms, such as Airbnb and Uber, with more evident impacts on the city’s
production. However, as argued, the existing and possible interactions between the layers defined by these urban and digital networks are
often not evident. As developed in the first section, cities present urban-digital layers that are established differently from one place to
another. This factor should not be neglected in the Brazilian context since the country's territorial extension has a social, cultural, and urban
diversity that enables a repertoire of urban-digital interactions that have not yet been mapped. Considering the complexity of this global
phenomenon and the Brazilian urban diversity, we see urban-digital layers as a way to understand the interaction between the urban and
the digital.

7 Final Considerations

Based on its spatial aspects, this article investigates Internet development as infrastructure at different scales and historical moments,
proposing an analysis based on urban-digital layers. We did it through an analytical path that revisited narratives about the Internet’s history,
drawing attention to its materiality on a global and national scale. Next, we conducted a case study that emphasized how the iFood platform
and the urban space of Rio de Janeiro interact in the context of the Gléria neighborhood, which is reflected in a spatialization of dark kitchens
intertwined with the city's pre-existing features. The analysis based on different layers and scales brings to light this digital materiality. It
makes it possible to understand the complexity of the relationship between the digital and the urban present today.

The residential dark kitchen typology in cities like Rio de Janeiro expresses some of the limits and potential of the relationship between digital
platforms and cities in the Global South. While platforms like iFood allow small, often informal, family businesses to be promoted to numerous
customers, this new urban-digital layer and its consequent material transformations in urban space are becoming increasingly present,
combined with local preexisting conditions. So far, our analysis has been limited to a specific area of the city and may be expanded in future
studies to better understand the dynamics of dark kitchens in other parts of the territory. Since they are established differently from one place
to another, this process is material, spatial, and urban, requiring analytical exercise to understand both local specificities and regional
similarities and differences, with particular contribution when we think about the consequences of the platform economy in the urbanization
of the Global South.
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