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Abstract

As urbanisation in Brazil has escalated, so has the issue of real estate vacancy, with the number of empty houses
now surpassing the housing deficit. Despite widespread criticism of this situation, information about these
vacant properties remains unknown, mainly due to a scarcity of data. This study presents the Zero Consumption
Real Estate Vacancy Identification Method (ZCREVIM), which utilises georeferenced electricity usage data from
Belo Horizonte, Brazil. The method identifies potentially vacant properties using two spatial analysis models that
process data through both absolute and relative numbers. I tested the method on a municipal scale in Belo
Horizonte and on a local scale in the Centre neighbourhood. I discuss a limitation observed from the municipal
scale results: it cannot be applied in areas with a significant number of illegal connections to the electricity
network. From the Centre results, I thoroughly investigated 67 areas of interest to verify real estate vacancy
through Google Street View, uncovering 16 demonstrably vacant buildings and 23 with solid evidence of
unoccupancy. ZCREVIM provides public authorities with a tool to monitor real estate vacancy, aiding in the
spatiotemporal identification of this phenomenon at the most granular urban scale: the property.
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Invisible voids

Resumo

A medida que a urbanizacéo no Brasil se intensificou, o problema da vacdncia imobilidria aumentou. O niimero
de domicilios vazios é maior do que o déficit habitacional. A contraditéria coexisténcia de um estoque
construido vago e de familias sem moradia jd foi problematizada. Contudo, pouco se sabe sobre esses imoveis
vazios, principalmente devido a escassez de dados. Este estudo apresenta o Método de Identificacéo de
Vacdncia Imobilidria de Consumo Zero (MIVICZ), utilizando dados georreferenciados do consumo de energia
elétrica em Belo Horizonte, Brasil. O método identifica propriedades possivelmente vagas usando dois modelos
de andlise espacial que processam dados em niimeros absolutos e relativos. O método foi testado em escala
municipal, em Belo Horizonte, bem como em escala local no bairro Centro. Discutimos uma limitagdo
observada a partir dos resultados em escala municipal: o método néo pode ser aplicado em dreas com um
numero significativo de conexdes ilegais d rede elétrica. A partir dos resultados do Centro, 67 dreas de interesse
foram investigadas para verificar a vacéncia imobilidria por meio do Google Street View, descobrindo 16
edificios comprovadamente vagos e 23 com fortes evidéncias de desocupacéo. O MIVICZ fornece as autoridades
publicas uma ferramenta para monitorar a vac@ncia imobilidria, auxiliando na identifica¢éo espaco-temporal
deste fenémeno na escala urbana mais fina: a propriedade.

Palavras-chave: Vacéncia imobilidria. Método. Identificacéo. Dados do consumo de energia elétrica. Andlise
espacial.

Introduction

Urban voids are spaces, whether plots of land or buildings, characterised by the absence of social
content (Beltrame, 2013, p. 115). However, a distinction between them is perceived: land voids are gaps in
the landscape, while built voids are invisible, being empty spaces hidden behind building facades.
Official data reveals Brazil's housing shortage stands at 6.355 million homes despite having 6.893 million
vacant properties ready for occupancy and another 1.012 million being built or renovated (Fundacgao
Jodo Pinheiro (FEJP), Diretoria de Estatistica e Informacdes (DIREI), 2018, pp. 38, 48). Paradoxically, if all
families in need were to move into available homes, a surplus of 583,000 properties would remain empty.

Undoubtedly, today’s society is a product of our capitalist socio-economic background.
According to Marx (1990), this system operates through crises. Given the excessively unequal
distribution of labour profit, it maintains its productive forces in contradictory relations. Marx believed
this would eventually collapse the system. However, capitalist production relations persisted
throughout the 20th century. Intrigued by this scenario, Henri Lefebvre (1990) sought to understand how
they perpetuated themselves. The philosopher argued that the system survives by organising elements
of social practice in space, thereby spatialising new social relations. Thus, space reproduces the
contradictions inherent in capitalist production.

Housing production, as part of the general production of space, follows the logic of capital
(Kapp et al,, 2005, p. 37). This means that the simultaneous existence of a housing deficit and a stock of
vacant homes is not a coincidence but evidence of the disproportionate distribution of wealth. In Brazil,
there is no strict lack of housing. We have a socio-economic mismatch between vacant built assets and
families needing housing. The real estate market’s pursuit of capital accumulation creates a surplus of
properties aimed at the upper and middle classes—those who constitute a solvent demand (Santiago,
2015, p. 92). Since the construction industry produces durable goods, the housing market operates
through the artifice of innovation, encouraging constant consumer dissatisfaction and motivating the
purchase of a new—and more attractive—home. Vacant homes remain inaccessible to lower-income
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families due to high prices and their status as financial assets for former residents (Peixoto, 2011, pp. 106—
108). Thus, capitalist housing production generates vacant built stock.

Another duality where vacancy plays a central role is the paradoxical relationship between voids
in central areas and urban perimeter expansion (Monte-Mér, 2007, 2014). During the Fordist-Keynesian
period, cities became associated with vices, diseases, pollution, and social segregation. Lefebvre (2003)
argued that industrial logic in urban centres drove their “explosion”. Those who could choose their
residence left central areas for new ways of living. The “New Urbanism” emerges, aligning with the
marketing strategies of the new developments, particularly prevalent in the gated community market
(Soja, 2000, p. 250).

In Belo Horizonte, this “explosion” began in the 1970s and gained momentum in the 1980s and
1990s (Lemos, 1994). During this period, the upper class migrated from central areas to new real estate
frontiers, leading to economic dispersion and a decline in the region's significance. This cyclical
population and economic emptying process contributes to the area’s degradation. Thus, the physical
deterioration of the built environment and the prevalence of vacant properties in central areas are a
consequence of emerging new centralities and the abandonment of the Centre (Pontes, 2006, pp. 58-59).

Despite horizontal city growth and inadequate housing, vacant and underoccupied buildings suitable
for habitation exist throughout Belo Horizonte and its Metropolitan Region (RMBH). Statistics show that the
housing deficit could be solved in this region, with a surplus of 35,113 vacant homes (FJP, 2018, pp. 38, 48).

This conflicting scenario cannot be reduced to a simplistic correlation between indexes. Indeed,
they shed light on the simultaneity between abundance and poverty, highlighting the problem of real
estate vacancy. Despite its significance in contemporary urban space construction, government and
national research institutions neglect it. Currently, the only national data on residential vacancy comes
from the decennial census by the Brazilian Institute of Geography and Statistics (Instituto Brasileiro de
Geografia e Estatistica - IBGE), with no figures on non-residential vacancy. This data gap hinders the
development of comprehensive housing policies.

To address the scarcity of data, researchers worldwide have turned to unconventional data
sources for insights into urban issues. Longley et al. (2018, p. 9) noted that we cannot always rely on field
surveys for continuous data, as fiscal constraints in many countries jeopardise them, which depend on
significant capital, time, and labour investment. Moreover, Kumagai et al. (2016, p. 709) highlighted the
limitations of field surveys in accurately estimating real estate vacancy, noting that owners often do not
report properties intended for future use as vacant. This shift towards unconventional data has led to the
discovery of more dynamic, economical, and detailed ways to identify and study real estate vacancy.

The rise of big data, particularly consumer data from everyday transactions, is proving highly
effective in analysing societal behaviour patterns (Longley et al., 2018, p. 8). Among these, municipal service
and infrastructure data, also known as utility data, provides insights into the consumption of resources
like electricity, water, telephone lines, and broadband services by linking each address to utility lines. This
connection allows for precise urban analysis by associating consumption with specific properties.
Moreover, utility data is often recorded over extended periods, boasts excellent spatiotemporal resolution,
and encompasses many human activities (Pan et al., 2020, p. 2). However, its limitations can vary based on
the goals of the investigation and the nature of the database used. Therefore, researchers must fully
understand the data, process it effectively, and accurately present its limitations.

I reviewed four studies that used utility data to study real estate vacancy. Kumagai et al. (2016)
assessed hydrant data’s effectiveness in Neyagawa, Japan, comparing it to traditional field data.
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Haramati and Hananel (2016) used water consumption data to explore the impact of “ghost apartments”
on urban diversity in Tel-Aviv and Jerusalem. Li et al. (2019) estimated rural vacancy in China using
annual electricity consumption data, while Pan et al. (2020) analysed residential vacancy in Changshu,
China, through municipal water consumption data. These studies conducted analyses at municipal and
regional scales. All achieved satisfactory results, validating the presented methods through comparison
with official data or in loco observations. To my knowledge, no such studies have been conducted in
Brazil up to this point.

I sought data from utility providers in Belo Horizonte: Companhia Energética de Minas Gerais
(CEMIG) and Companhia de Saneamento de Minas Gerais (COPASA). Water is typically metered at a
single point for an entire building, while electricity is metered individually per unit. Therefore,
COPASA’s data can categorise buildings as “water-consuming” or “non-water-consuming”, while
CEMIG's data can identify the proportion of units not consuming electricity. COPASA’s data might not
effectively identify underutilised buildings as they would still be categorised as “water-consuming”, but
it helps identify completely vacant buildings.

Correspondence with both companies began in September 2018 to determine the suitability and
availability of their data for the research, as they do not maintain an open database. On November 13
2018, a COPASA representative informed me they do not have a georeferenced database. However, such
data could pinpoint addresses where properties are vacant. On August 21 2019, CEMIG provided
anonymised data identifying the billing status of energy meters in Belo Horizonte as of June 2019.
Access to more detailed data from CEMIG could enhance the study, especially regarding the duration of
vacancy status. This could differentiate properties vacant for unusually long periods from those newly
on the real estate market.

To illuminate invisible voids, I introduce the Zero Consumption Real Estate Vacancy
Identification Method (ZCREVIM). This method identifies vacant properties by processing municipal
service and infrastructure data to map the non-consumption of utility services. This study will apply
ZCREVIM using electricity data from CEMIG for Belo Horizonte.

Study area and data
Study area

Centre

Brazil Minas Gerais Belo Horizonte

Figure1 - Location of the study area. Source: Elaborated by the author in ArcGIS.

Belo Horizonte, the capital of Minas Gerais in Brazil's Southeast (Figure 1), was inaugurated on
December 12, 1897. Brazil's first planned city was conceived to embody the new republican virtues of
rationality and progress. The city was initially structured into three concentric zones (Figure 2), with a
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circular avenue, the Do Contorno Avenue, enclosing the Urban Zone (yellow area) where the Centre
neighbourhood lies (red limit). Surrounding this were the Suburban and Rural Zones, forming a green
belt (Vilela, 20086, p. 37).

Figure 2 - Original plan of Belo Horizonte. Source: Planta Geral Da Cidade de Minas Organisada Sobre a Planta
Geodesica, Topographica e Cadastral Do Bello Horisonte Pela Comissdo Construtora Da Nova Capital Sob a Direcdo Do
Engenheiro Civil Aardo Reis e Approvada Pelo Decreto N° 80 de 15 de Abril de 1985 [sic], (Belo Horizonte, 1985). Modified

by the author.

By the 1930s, Belo Horizonte began expanding rapidly, with high-rise buildings cropping up in
the Centre (Vilela, 2006, pp. 47-49). Over time, the city extended beyond its original boundaries, leading
to the rise of new economic hubs that drew residents away from the Centre, resulting in a 44.16%
population decline there from 1980 to 2000 (Pontes, 2006, pp. 58-59).

Despite its planned beginnings, Belo Horizonte's growth has been haphazard since the 1930s. It is
now Brazil's sixth most populous capital, covering an area of 331.40 km? with an estimated population of
2,521,564 (IBGE, 2010c, 2020). The larger region, including the RMBH and its Metropolitan Outskirt, consists
of 50 municipalities, spans 14,979.10 km? and houses approximately 6,006,091 people (IBGE, 2010c, 2020).

Data

CEMIG

CEMIG supplied a CSV file with anonymised data on the billing status of electricity meters in
Belo Horizonte for June 2019

Electricity from power lines passes through a meter installed by CEMIG, which computes electricity
consumption. CEMIG employees monitor meters and register consumption, so the company issues the
monthly electricity bill to the consumer unit. This means that one meter corresponds to one consumer unit.

Meters are classified as active if connected to the power lines and bills were issued by CEMIG or
inactive if they are disconnected without issued bills. Active meters are further divided based on

T conducted an interdepartmental survey in CEMIG to gather the information disclosed in this section.
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electricity consumption: those with consumption greater than zero (consume zero = no) and those with
consumption equal to zero (consume zero = yes). Therefore, as summarised in Table 1, there are three
types of consumer units:

Table 1. Types of consumer units.

TYPE BILLING STATUS CONSUMPTION ZERO
1 active No
2 active Yes
3 inactive -

Source: Elaborated by the author based on CEMIG data (CEMIG, 2019).

Type 1 units consumed electricity. Type 2 units, once they did not consume electricity, received
an electricity bill in the “minimum payment” category. This means the unit’'s general electricity switch
was off, though the consumer did not request that CEMIG disconnect the meter from the power lines.
Finally, Type 3 units, the ones with disconnected meters, can be related to two situations:

S1 = The consumer requested the disconnection of the meter.

S2 = The consumer has been in default for over 90 consecutive days, and the CEMIG
disconnected the unit’'s meter.

The location of these units is not recorded by their actual addresses but by the nearest utility
pole’s coordinates, typically 10 meters away?2. Thus, precisely matching consumer units to specific
properties will not be possible, especially in dense areas like the city centre, where multiple units may
share a pole. However, this 10-meter standard allows for accurate local analysis.

The dataset contains 1,142,309 entries, each representing a meter’s billing status, consumption,
and the location of its utility pole. Let us associate the billing status of a consumer unit with its
occupation status (Table 2):

Table 2 - Occupation status of consumer units.

TYPE BILLING STATUS CONSUMPTION ZERO X Y OCCUPATION STATUS
1 active no value value occupied
2 active yes value value vacant
3 inactive - value value vacant

Source: Elaborated by the author based on CEMIG data (CEMIG, 2019).

Considerations on electricity distribution in Belo Horizonte

The CEMIG supplies electricity to 96% of Minas Gerais state (CEMIG, 2021). This service reaches
practically all anthropised areas in Belo Horizonte, as depicted in Map 1. Most census tracts have 100%
of their domiciles supplied with electricity, mainly from the CEMIG. In fact, few of them have less than
85% of houses supplied by the company, including the census tracts in villages and favelas3, highlighted
by the white limit in both Map 1 and Map 2.

2 This is a standard distance for urban areas.

3 These areas correspond to Special Zones of Social Interest (ZEIS-1 and ZEIS-2), determined by Law 11.181/19, which enforced the New Belo
Horizonte Plan (Belo Horizonte, 2019a).
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Map 1- Percentage of private permanent domiciles supplied with electricity from the distribution company in Belo
Horizonte. Source: Elaborated by the author with data from the 2010 Demographic Census (IBGE, 2010c) and BHGeo
(PRODABEL, 2020).

Pl ¥

RF ¢ R, CA (B )
STV, By i}"ESeulh Centrat =
2\ Ty Vg PR
- s Py LS
TN west )
- Barceiro -
B X o

A o
T
;L\

km

Map 2 - Percentage of private permanent domiciles with electricity from the distribution company and with an
individualised meter in Belo Horizonte. Source: Elaborated by the author with data from the 2010 Demographic Census
(IBGE, 2010c) and BHGeo (PRODABEL, 2020).

Electricity reaches homes through CEMIG's meter, each representing a consumer unit, typically
a single property. This setup ensures that each property’s electricity use is measured separately.
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Sometimes, though, one consumer unit might cover multiple properties, indicating “adjacent properties”
(Brasil, 2014). Map 2 reveals that individually metered properties are more common in regulated urban
areas, particularly in the South-Central region, but less so in villages and favelas (white limit).

In essence, Map 1 illustrates that Belo Horizonte has broad and consistent electricity distribution,
supporting the use of electricity consumption data for studying real estate vacancy. Map 2 indicates that
many properties have their own meters, lending good accuracy to this study. Still, accuracy improves in areas
with more individually metered properties. This is because CEMIG's information refers to consumer units
(or meters), and real estate vacancy should be ideally identified by properties. Hence, in this study, individual
and adjacent properties will have the same weight since both correspond to a single meter.

BHGeo

On May 12, 2020, I collected geographic data on the open-access portal BHGeo to construct Belo
Horizonte's base map. I used the following shapefiles: municipal, regional, and neighbourhood limits;
lagoon; park; square; village; and favela“. This base map—including its colour and hatch code—will be the
same for the following.

Venda Nova

g
Ty

South Central

[ Municipality

[ Region
Neighborhood
Village & favela
Lagoon

- Park & square

Map 3 - Base map. Source: Elaborated by the author using data from the BHGeo portal (PRODABEL, 2020).

Method

Overview

This study defines real estate vacancy as the proportion of properties in an area not used for
residential or commercial purposes. The analysis is based on properties that showed no electricity
consumption in June 2019, specifically Type 2 and Type 3 units.

4 Maintained by the Company of Informatics and Information of Belo Horizonte Municipality (PRODABEL).
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Real estate vacancy will be quantitatively analysed using absolute and relative numbers. To
illustrate this, consider two city areas with the same proportion of vacant properties, calculated as the
number of vacant units (Type 2 and Type 3) divided by the total number of properties. One area contains
multi-family high-rise buildings, while the other holds single-family homes. Although these areas have
identical relative vacancy rates, the absolute number of vacant units is higher in the area with high-rise
buildings due to the greater number of units per building.

This distinction is crucial when examining vacancy at a local scale. For example, if one utility
pole serves 400 units, with 200 vacant, and another serves only 4 units, with 2 vacant, they would appear
equivalent in relative terms (both having a 50% vacancy rate). However, in absolute terms, the utility
pole serving high-rise buildings has 198 more vacant units than the one serving single-family homes.
While relative vacancy rates provide a percentage-based comparison, absolute numbers highlight the
scale and impact of vacancy. Incorporating both perspectives offers a more nuanced and accurate
assessment of the phenomenon.

Data processing

Let me delimitate the frameworks for the proposed application of ZCREVIMS: its timeframe is
June 2019, and its location is Belo Horizonte. The goal is twofold: to spatially analyse real estate vacancy
using quantitative measures of both absolute and relative densities. I created two models: M1 evaluates
absolute densities, and M2 focuses on relative densities. The last framework, the methodological one,
establishes reproducible and defensible criteria for data processing, as depicted in Figure 3.

Data collection and objective setting mark the completion of phase T1. Subsequently, using
ArcGIS, I processed the raw data, linking it to Belo Horizonte's territory as point features. Each point
represents consumer units at the location of their respective utility poles. Overlapping points denote
units sharing a pole.

In phase T3, after normalising the data, I first separated consumer units by type using the Select
by Attributes tool, each type forming a distinct layer. Then, I applied the two geoprocessing models:

In M1, I used the Point Density tool to determine appropriate radii for analysing different scales.
Through this process, I established that a 600-meter radius is suitable for municipal-level analysis, and
a 30-meter radius is ideal for local-level analysis. This approach enabled me to identify absolute density
intervals of consumer units in Belo Horizonte and in the Centre. I selected the natural breaks
visualisation method to highlight class distinctions.

For M2, first, I determined the percentage of consumer unit types per pole using the R software,
disaggregating and subsequently aggregating the data by location, as shown in Table 3. In other words,
this process quantified the relative number of each unit type at each pole, with ArcGIS used to map
these as point features. Next, I employed the Hot Spot tool to identify clusters with high or low relative
densities. I adjusted the data to correspond with the geographic boundaries of the analysed areas,
specifically Belo Horizonte and its Centre. I used distances of 600 metres and 30 metres, respectively, to
define neighbourhoods. I then prepared and exported the maps.

5 Thank you to Professor Dr Ana Clara Mourdo Moura, who taught me the methodological approach to data processing.
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Figure 3 - Method for analysing real estate vacancy. Source: Elaborated by the author.

Table 3 - Data recomposing for M2.

X Y TYPE1+ TOTAL TYPE 2 + TOTAL TYPE 3+ TOTAL
value value 0.4 0.2 0.4
value value 0.5 0.2 0.3
value value o] o] 1

Source: Elaborated by the author.

Results

After applying territorial analysis models M1 and M2, I created maps to show the absolute densities
and clusters of consumer units’ relative values in Belo Horizonte and its Centre neighbourhood for June
2019. In addition to a brief description of these maps, I will point out features essential for evaluating this
application of ZCREVIM. While this study mainly addresses real estate vacancy concerning Type 2 and
Type 3 units, the analysis of Type 1 units also offers crucial insights into the findings.

Municipal scale

Mi

Map 4 and Map 5 reveal a clear link between areas with the highest density of consumer units
and those with the highest density of occupied consumer units (Type 1), notably in central areas. This
suggests that regions with many consumer units, such as the Centre, also have many occupied ones.
However, villages and favelas, despite having a high density of consumer units, do not follow this trend
in terms of occupancy.
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Map 4 - Absolute density of consumer units in Belo Horizonte. Source: Elaborated by the author with data from CEMIG
(CEMIG, 2019) and BHGeo (PRODABEL, 2020).
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- 5.215-9.796
o - 9.797 - 20.150

Map 5 - Absolute density of Type 1 consumer units in Belo Horizonte. Source: Elaborated by the author with data from
CEMIG (CEMIG, 2019) and BHGeo (PRODABEL, 2020).

Map 6 and Map 7 highlight zones significant for assessing real estate vacancy, with a notable
overlap in locations with high vacancy rates. Map 7 intensifies the findings of Map 6, indicating a
common trend. The Centre is a primary area of interest in both maps, but villages and favelas are also
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noted for their high-density classifications. In Map 7, the Centre and a section of Aglomerado da Serra
favela in the South-Central region are specifically identified as having the highest densities.

Type 2

(units/km?)

[ 4s-77

[ 7-170

[ 1e0-310

- 320 - 580
S I 5%- 1200

Map 6 - Absolute density of Type 2 consumer units in Belo Horizonte. Source: Elaborated by the author with data from
CEMIG (CEMIG, 2019) and BHGeo.

Type 3

(units/km?)
[ 17-3e0
[ a70-730
B 7+0-1.300
Bl :00-2400
Il :500-4300

Map 7 - Absolute density of Type 3 consumer units in Belo Horizonte. Source: Elaborated by the author with data from
CEMIG (CEMIG, 2019) and BHGeo (PRODABEL, 2020).
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The strong link between the villages and favelas and the highlighted areas in Map 6 and Map 7
prompts an important question: Do these regions have many empty properties? Examining Map 8 and Map
9 helps address this concern, revealing that villages and favelas (highlighted by the white limit) do not exhibit
asignificant number of unoccupied homes, nor are they underpopulated. These areas are densely populated.

(units)
Bl o2
| RERS
2752
Bl s3-e
0 125 25 skm - 115 - 235

Map 8- Vacant domiciles in Belo Horizonte. Source: Elaborated by the author with data from the Demographic Census
(IBGE, 2010a) and BHGeo (PRODABEL, 2020).

(inhabitants/km?)

1-7.421

B 7.422- 10477
I 10478 - 13.306
Wl 330719745
5
I 1974 - 465.207

Map 9 - Demographic density in Belo Horizonte. Source: Elaborated by the author with data from the Demographic
Census (IBGE, 2010b) and BHGeo (PRODABEL, 2020).
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Thus, the analysis of CEMIG's data does not indicate a vacancy issue in villages and favelas.
Indeed, the relevant number of electricity meters illegally connected to the utility line in these areas
indicates alimitation to the method®. This issue arises because when a bill remains unpaid for more than
90 days, CEMIG disconnects the service. However, residents often illegally reconnect themselves, or
CEMIG staff cannot disconnect the utility line due to being barred from entering these areas”. Therefore,
ZCREVIM cannot be applied in areas that have a high concentration of consumer units illegally
connected to the power lines, such as most Brazilian favelas.

M2

Map 10, Map 11, and Map 12 display the distribution of high and low relative values for consumer
unit types in Belo Horizonte during June 2019. Map 10 shows that high-value clusters, or hot spots, are
primarily located around villages and favelas, a pattern that continues in Map 11 and Map 12. This pattern
reflects the limitation of the method previously discussed.

Notably, the Centre is an exception; it does not show high concentrations of occupied consumer
units, appearing as a cold spot in Map 10 but as a hot spot in Map 12. This indicates that the Centre has
both a high absolute density of possibly vacant units (as shown in Map 7) and a high relative density
(shown in Map 12), supporting the choice of this area for detailed local analysis.

Type 1
(confidence level)
« cold spot - 99%
cold spot - 95%
cold spot - 90%
insignificante
s hot spot - 99%
® hot spot - 85%
m « hot spot - 90%

Map 10 - Hot spots of Type 1 consumer units in Belo Horizonte. Source: Elaborated by the author with data from CEMIG
(CEMIG, 2019) and BHGeo (PRODABEL, 2020).

8 Another hypothesis is that people in these areas would live without electricity. However, Map 1 shows that most domiciles in villages
and favelas are supplied with electricity.

7 In this case, upon reaching 90 consecutive days of non-payment, the billing status of these meters becomes inactive in the company's
system. However, the unit receives energy, and CEMIG issues the bill. The only way to not receive a bill and receive electricity is through
the illegal connection made by consumers directly to the pole.
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Type 2
(confidence level)
& cold spot - 9%
» cold spot - 95%
cold spot - 90%

insignificante

» hot spot - 99%

& hot spot - 95%

km « hot spot - 90%

Map 11 - Hot spots of Type 2 consumer units in Belo Horizonte. Source: Elaborated by the author with data from CEMIG
(CEMIG, 2019) and BHGeo (PRODABEL, 2020).

Type 3
(confidence level)
= cold spot - 99%
 cold spot - 95%
cold spot - 90%
insignificante
« hot spot - 99%
» hot spot - 95%
e « hot spot - 90%

Map 12 - Hot spots of Type 3 consumer units in Belo Horizonte. Source: Elaborated by the author with data from CEMIG
(CEMIG, 2019) & BHGeo (PRODABEL, 2020).

In essence, the method's limitations significantly affected the M2 results at the municipal level.
This stems from how the Hot Spot tool operates. It analyses the spatial distribution of point features’
relative values within the dataset. Given this, areas like villages and favelas, which display lower
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concentrations of Type 1 units, are marked as cold spots on Map 10. Conversely, because they show
higher concentrations of Type 3 units, they are highlighted as hot spots on Map 12. Therefore, these
findings become a benchmark for categorising all other data points.

Local scale

Three reasons justify choosing the Centre for a local scale analysis:

1. As highlighted in Map 2, the Centre is a region where each consumer unit is highly likely to correspond
to an individual property. This ensures greater accuracy in the results.

2. Map 6, Map 7 and Map 12 pinpoint the neighbourhood as the area of highest interest for an in-depth
investigation into real estate vacancy.

3. ZCREVIM is more effective in areas with few illegal connections to electric utility lines, a scenario
more common in regularised urban areas like the Centre. It is reasonable to assume that consumer
units with no electricity consumption in this region are indeed vacant. Even though illegal
connections may exist, their impact on the results is expected to be minimal.

Mi

Map 13 and Map 14 respectively show the absolute densities of all registered consumer units and
those likely occupied in the Centre as of June 2019. They mirror municipal-scale findings by showing a
strong correlation between the spots observed on these maps, indicating nearly complete overlap.

Total  (units/km?) A

B o- 2667
[ 2668 - 11.560
[ J11570-32.010
[ 32.020 - 85.350
B 55360 - 225.800

0 125 250 500
T S Telers

Map 13 - Absolute density of consumer units in the Centre. Source: Elaborated by the author with data from CEMIG
(CEMIG, 2019) and BHGeo (PRODABEL, 2020).
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Type 1 (units/km?) LS
[ Jo-227 A
[ 2.277 - 9.863
B o864 - 26.550
I 26560 - 67.520
I 57 520 - 193.500

0 125 250 500
T N TEE1S

Map 14 - Absolute density of Type 1 consumer units in the Centre. Source: Elaborated by the author with data from
CEMIG (CEMIG, 2019) and BHGeo (PRODABEL, 2020).

Similarly, Map 15 and Map 16 detail the densities of potentially vacant consumer units in the
Centre during the same period, revealing a partial overlap with the highest densities shown on Map 13.
This suggests that areas with a greater number of consumer units tend also to have higher numbers of
potentially vacant ones. Nevertheless, Map 15 and Map 16 also feature high-density areas not reflected
in Map 13. This analysis is summarised in Map 17.

Type 2 (units/km?) K
[ Jo-32
[ 327 - 2.410

I 2420 - 16.600

0 125 250 500
T . meters

Mabp 15 - Absolute density of Type 2 consumer units in the Centre. Source: Elaborated by the author with data from
CEMIG (CEMIG, 2019) and BHGeo (PRODABEL, 2020).
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Type 3 (units/km?) A

[TJo-7ss

[ 756 - 3.400
[ 3.410 - 12.800
I 12900 - 38.900
I 39.000 - 96.200

0 125 250 500
T S elers

Map 16 - Absolute density of Type 3 consumer units in the Centre. Source: Elaborated by the author with data from
CEMIG (CEMIG, 2019) and BHGeo (PRODABEL, 2020).

N

Type 3 (unitsikm?) }
I 39.000 - 96.200 A
I 12.900 - 38.900
Type 2 (units/km?)
I 2.420 - 16.600

Total (units/km?)
[ ] a5.360 - 225.800

[ ] 32.020- 85,850

() Sete Square
(@) Raul Soares Square
@ Municipal Park
(@ Rio Branco Square

0 125 250 500
(® Da Estagdo Square I —0100S

Map 17 - Areas of interest identified by M1 in the Centre. Source: Elaborated by the author with data from CEMIG
(CEMIG, 2019) and BHGeo (PRODABEL, 2020).

I defined areas of interest by focusing on the two largest density ranges for Type 3 units and the
largest for Type 2 units, as shown in Map 17's legend. Where densities overlapped, I consolidated them
into a single area of interest.

The primary area of interest emanates from Sete Square, the Centre’s urban heart, with Type 2
and Type 3 unit concentrations extending north and west, as depicted on Map 17. The densest part of
Area 1 encompasses two commercial towers and is shown in darker red. Area 2 covers a high-rise with
mixed uses.
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I identified 22 areas of interest, ranging from combined Type 2 and Type 3 unit spots, as seen in
Area 1,to isolated instances of each type, like Area 2. Some areas, such as Area 12, cover a small territory,
suggesting a clustering of Type 2 or Type 3 units around specific utility poles. This clustering could help
identify nearby properties that may be underoccupied or vacant.

M2

Map 18 illustrates clusters of high and low relative values of possibly occupied consumer units
in the Centre in June 2019, pinpointing hot spots near Sete Square, Augusto de Lima Avenue, and
Amazonas Avenue, despite a predominant presence of cold spots in the same region. Conversely, areas
designated as cold spots in Map 18 are represented as hot spots in Map 19 or Map 20, which focus on the
distribution of potentially vacant consumer units, reflecting their inverse relationship.

Type 1 (confidence level)
®  cold spot - 9% A
cold spot - 95%
cold spot - 90%

insignificante
*  hot spot - 90%
®  hot spot - 95%
hot spot - 99%

0 125 250

500
meters

Map 18 - Hot spots of Type 1 units in the Centre. Source: Elaborated by the author with data from CEMIG (CEMIG, 2019)
and BHGeo (PRODABEL, 2020).

Type 2 (confidence level)

e cold spot - 99% A
cold spot - 95%
cold spot - 30%
insignificante
hot spot - 80%
hot spot - 85%

®  hotspot - 99%

0 125 250 500
I — 1ClerS

Map 19 - Hot spots of Type 2 units in the Centre. Source: Elaborated by the author with data from CEMIG (CEMIG, 2019)
and BHGeo (PRODABEL, 2020).
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Type 3 (confidence level)

e cold spot - 99% A
cold spot - 95%
cold spot - 90%
insignificante
hot spot - 90%.
hot spot - 95%
hot spot - 9%

0 125 250 500
meters

Map 20 - Hot spots of Type 3 units in the Centre. Source: Elaborated by the author with data from CEMIG (CEMIG, 2019)
and BHGeo (PRODABEL, 2020).

To summarise the results, I assigned numbers to hot spots with a confidence level of 99% and
95% of possibly vacant consumer units (Tenny & Abdelgawad, 2019). Numbers follow the relevance order
shown in the legend of Map 21, and overlapping points form a single area of interest. Combining these
with the findings from Map 17, I obtained a sample of 67 distinct regions for an in-depth evaluation to
test the effectiveness of ZCREVIM.

Type 3 (confidence level)

® hotspot- 99% A
®  hotspot- 95%
Type 2 (confidence level)
®  hotspot- 99%
hot spot - 95%

i) Sete Square
@ Raul Soares Square
® Municipal Park

@ Rio Branco Square

0 125 250 500
® Da Estagao Square I S— T 0lErS

Map 21 - Areas of interest identified by M2 in the Centre. Source: Elaborated by the author with data from CEMIG
(CEMIG, 2019) and BHGeo (PRODABEL, 2020).

Validation

The aim is to identify potential real estate vacancy using Google Street View. This approach is efficient
and cost-effective and enables the investigation of many areas of interest. I favoured investigating 67 of them
rather than reducing the sample because only then could I verify if there was any pattern in the results. Also, I
conducted this stage of the research between September 2020 and March 2021, a period different from the
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reference date of CEMIG's data, June 2019. Google Street View enabled a trip to the past: most images were
captured between April and August 2019. Finally, the COVID-19 pandemic prevented on-field surveys.

Type 3

I 39.000 - 96.200

I 12.900 - 38.900
®  hot spot - 99%
e hot spot - 95%

Type 2

B 2.420 - 16.600
®  hot spot - 9%

hot spot - 95%

> -

1) Sete Square
2) Raul Soares Square
% Municipal Park

@ Rio Branco Square

0 125 250 500
5 Da Estagao Square S elers

Map 22 - Areas of interest in the Centre. Source: Elaborated by the author with data from CEMIG (CEMIG, 2019) and
BHGeo (PRODABEL, 2020).

To start, I explored the areas in Google Street View. For Areas 1 to 22, I investigated the interior and
immediate surroundings of the spots, and for Areas 23 to 67, I investigated the immediate surroundings of the
points. The search focused on vacancy indicators, such as a high number of closed gates and windows, signs
indicating the property was for sale or rent, and whether a property was under construction. Based on these
observations, I categorised properties according to the confidence level in the findings (Table 4). They are:

Table 4 - Classification of properties with signs of real estate vacancy.

CLASSIFICATION DESCRIPTION
Possibly Property with signs of partial unoccupancy. Without on-site verification, it is impossible to
underoccupied affirm that it is underoccupied®.
Possibly vacant Property with signs of complete unoccupancy. Likewise, without on-site verification, it is
impossible to affirm that it is vacant®.
Possibly Property in which it is impossible to conclude whether it is partially or entirely vacant. An on-
underoccupied or site survey is necessary to verify the occupancy percentage and eliminate uncertainty.
vacant
Vacant Property with vacancy verified on-site or one that is under construction, therefore,
unoccupied®.
On-site verification Properties in which the verification of the percentage of occupancy is essential
required to validate the result.

Source: Elaborated by the author.

8 Conducting an on-field survey of the building's occupancy percentage to verify if it is underused would be necessary. According to
Devecchi (2010, p. 35), a building is considered underoccupied when less than 60% of its units are occupied.

9 Properties occupying the upper portion of the site and only with occupied street-level stores were considered possibly vacant or vacant,
not possibly underoccupied.

10 Sources are reports and studies in which on-field verification was conducted. I did not adopt the classification “idle buildings” as I did
not find sources that verified on-field the occupancy percentage of buildings in the Centre.
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Map 23 and Map 24 overlay areas of interest onto data indicating land use and the typologies of
buildings in the Centre. This helped further characterise these areas and properties where I discovered
vacancy signs. Additionally, I verified whether the identified buildings were listed (Belo Horizonte, 2019b).

Land use
Vacant site A

Mixed + vacant site

Mixed -
Non-residential + vacant site . * ¥
Non-residential E %

Residential < .

No information

1) Sete Square
2) Raul Soares Square
3 Municipal Park

# Rio Branco Square

0 125 250 500
8 Da Estagao Square I — 0l 1S

Map 23 - Land use and area of interest in the Centre. Source: Elaborated by the author with data from CEMIG (CEMIG,
2019) and BHGeo (PRODABEL, 2020).

Building typology

| Vacant site

Single-family house or house/two-story house

Multy-family high-rise building

Mixed-use

Commercial and/or services

Store

Shopping

Store in shopping

Shed

Educational institution

Religious institution
1) Sete Square Health institution
2) Raul Soares Square
3) Municipal Park

4) Rio Branco Square R
0 125 250 500 Diversified occupation
%) Da Estagdo Square [ GG

Sports institution

Residential or commercial vacancy

No information

Map 24 - Typology of buildings and areas of interest in the Centre. Source: Elaborated by the author with data from
CEMIG (CEMIG, 2019) and BHGeo (PRODABEL, 2020).

Discussion

I concluded that 35 of the 67 areas of interest showed signs of real estate vacancy. As discussed, an
on-field survey is necessary to confirm occupancy rates in the remaining 32 areas. In these 35 areas, as
summarised in Table 5, I noted evidence of real estate vacancy in 63 buildings, with some examples depicted
in the following Figures. Of these, 16 buildings are confirmed vacant, and 23 are likely vacant. For the 23
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buildings thought to be vacant, despite lacking on-field verification, there is compelling evidence suggesting
they are unoccupied. This includes buildings above operating shops (like the one shown in Figure 4) and
those entirely shut or advertised as available for rent (for instance, Figure 5). Map 23 and Map 24 indicate that
the Centre primarily consists of non-residential buildings, which aligns with these findings. Moreover,
among the 39 (16+23) buildings identified as vacant or likely vacant, 13 are officially listed properties.

Table 5 - Classification of buildings with evidence of vacancy.

CLASSIFICATION QUANTITY
Vacant building for commercial and/or services use 15
Possibly vacant building for commercial and/or services use 23

Possibly underoccupied building for commercial and/or services use
Possibly underoccupied building or vacant building for commercial and/or services use
Possibly underoccupied building for mixed-use

Possibly vacant stores in building for commercial and/or services use 1
Possibly vacant stores in building for mixed-use 2

Vacant single-family house 1
TOTAL 63

Source: Elaborated by the author.

As discussed, areas of interest resulting from Mi1—1 to 22—illustrate the highest absolute
densities of possibly vacant consumer units. Directed sampling revealed that these areas often contain
high-rise buildings and relevant commercial centres, such as Bahia Shopping (Figure 6 and Figure 7).
Those two frequently identified typologies confirm that utility poles that supply many units, usually
those in areas containing big buildings, are more likely to identify possibly vacant units. As suspected,
the analysis of absolute densities neglects utility poles that supply few units but contain a high relative
density of possibly vacant units. That is, areas that contain small buildings.

Areas resulting from M2, 23 to 67, identify high relative densities of possibly vacant units.
Therefore, in these areas, I have identified small buildings, such as the former Imperial Palace Hotel
(Figure 8), the Guaicurus Street House (Figure 5) and the former Copiadora Brasileira (Figure 9), among
others. Figure 10 depicts the former Engineering School of the Minas Gerais Federal University (UFMG),
and nearby this building, there are three additional vacant buildings designated for commercial and/or
services use. I also identified two buildings formally occupied by squatter settlements, shown in Figure
11 and Figure 12, which have remained vacant since their departure.

e v %‘f‘ . :‘n - \ﬁ'-

Figure 4 - Area 11. A possibly vacant building for commercial and/or services use. All its windows and doors are closed,
and the fagade has a “unit for rent” sign. Source: Google Street View (Google Maps, 2024) [reference date: April 2019].
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Figure 5 - Area 24. The Guaicurus Street House, on the right, is a listed vacant single-family house. It is currently waiting
for refurbishment funding to become a museum (Marques, 2019). On its left, there is a possibly vacant building for
commercial and/or services use. All its gates are closed.

Source: Google Street View (Google Maps, 2024) [reference date: August 2019].

Figure 6 - Area 5. Bahia Shopping (secondary entry) is a vacant building for commercial and/or services use. Only 500m?
of its 10,000m? are being used for parking (Rennd, 2019).
Source: Google Street View (Google Maps, 2024) [reference date: May 2019].

Figure 7 - Area 19. From the left to the right. First, Sol Belo Horizonte Hotel is a vacant building for commercial and/or
services use. The hotel tower is vacant, and only the parking lot area is currently in use (Renné, 2019). Second, Bahia
Shopping (main entry) is a vacant building for commercial and/or services use. Only 500m? of its 10,000m? are being used
for parking (Rennd, 2019). Third, there is a possibly underoccupied building for mixed-use. There are sale and rent signs
on its facade. Source: Google Street View (Google Maps, 2024) [reference date: May 2019].
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Figure 8 - Area 24. The former Imperial Palace Hotel is a listed vacant building for commercial and/or services use. The
building is vacant, and only the parking lot area is currently in use (Marques, 2019).
Source: Google Street View (Google Maps, 2024) [reference date: August 2019].

Figure 9 - Area 57. The former Copiadora Brasileira is a listed vacant building for commercial and/or services use. Since
the company's bankruptcy, the building remains vacant (Oliveira, 2018).
Source: Google Street View (Google Maps, 2024) [reference date: August 2019].

Figure 10 - Area 54. The former Engineering School of the Minas Gerais Federal University (UFMG) is a listed vacant
building for commercial and/or services use. Nearby this building, there are three other vacant buildings for commercial
and/or services use. After six years of abandonment, in 2017, refurbishment started so they could host public
administrative activities (Nascimento, 2017; Pinheiro, 2013).

Source: Google Street View (Google Maps, 2024) [reference date: April 2019].
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Figure 11 - Area 54. Former restaurant of the Engineering School of the Minas Gerais Federal University (UFMG). The
Tina Martins squatter movement occupied the building; however, since their departure, the building has remained
vacant (Suarez, 2016). Source: Google Street View (Google Maps, 2024) [reference date: April 2019].

Figure 12 - Area 43. The former Vicentdo squatter settlement is a vacant building for commercial and/or services use.
The building has been vacant since the settlement was forced out (Barreto, 2019). Source: Google Street View (Google
Maps, 2024) [reference date: May 2019].

I also noted many parking lots in the immediate surroundings of areas that identify high relative
values of Type 3 units, i.e,, units with meters disconnected from the electric utility line. Figure 13, Figure 14
and Figure 15 evidence that some commercial buildings have been converted into parking lots. Also, in
Figure 14 and Figure 15, there are demolished buildings that became vacant sites and parking lots,
respectively. Thus, disconnected meters that ceased to exist are still registered in CEMIG's system, and this
means that the company does not maintain strict control over the deregistration of inactive units from its
system. Later, I confirmed this hypothesis with the company.

Figure 13 - Commercial building converted into a parking lot in Area 29.
Source: Google Street View (Google Maps, 2024) [reference dates: July 2011 and August 2019].
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Figure 14 - Commercial building converted into a parking lot and demolished building in Area 31.
Source: Google Street View (Google Maps, 2024) [reference date: July 2009 and March 2020].

Figure 15 - A demolished building whose site became a parking lot and a commercial building converted into a parking
lot. Source: Google Street View (Google Maps, 2024) [reference date: July 2009 and April 2019].

The discovery of 18 hotels or motels in the targeted areas underscores the method’s
effectiveness, as these types of properties are likely not operating at full capacity, suggesting they could
be considered possibly underoccupied®.

Conclusions

This study presents ZCREVIM, a method for identifying real estate vacancy using utility data.
The process began with the collection of data from CEMIG, which was subsequently interpreted. This
data was then processed in a GIS using two geoprocessing models: M1, which visualised the absolute
densities of consumer units, and M2, which highlighted clusters of high and low relative values,
identifying hot and cold spots. A municipal-scale analysis revealed a limitation of ZCREVIM: it cannot
be used in areas where illegal electric connections are prevalent. On a local scale, 67 areas in the Centre
were selected for investigation to validate ZCREVIM. These areas were examined to characterise regions
and identify potential vacancy. Finally, information from these areas was collated and the findings from
this directed sampling were discussed.

Despite its limitations, the study found strong evidence that ZCREVIM can accurately identify
real estate vacancy on a detailed scale. I confirmed vacancy in 35 of the 67 targeted areas, with 16
buildings being definitively vacant and 23 showing significant evidence of vacancy. The typologies
observed in the areas from the M1 and M2 models were in line with expectations. The significant
presence of hotels and motels further validated the method's effectiveness. Using electricity

1] did not include them in the total of 67 buildings unless they presented evidence of real estate vacancy, such as the former Imperial
Palace Hotel (Figure 7).
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consumption data, ZCREVIM successfully identified vacant buildings in the Centre of Belo Horizonte,
offering unprecedented insights into the city's unoccupied property.

In the municipal-scale analysis, it became clear that in villages and favelas, the presence of units
with inactive meters should not be linked to real estate vacancy. Therefore, we suggest removing these
point features from the GIS before processing M1 and M2. This adjustment could present new hotspots
throughout the municipality.

CEMIG's data opens up the possibility for further territorial analysis in villages and favelas. A cluster
of inactive meters might pinpoint an area of village or favela, enabling their identification. Furthermore,
these territories are diverse, and a closer examination reveals varying income levels (Carvalho, 2016). By
analysing the spatial distribution of units based on their electricity bill payment status (Types 1, 2, and 3),
insights into the socio-economic patterns of these populations can be gained on a detailed scale.

In the Centre’s areas of interest, particularly those highlighted by M2, the presence of car parks
caught my attention (Figure 16). This observation supports the hypothesis that CEMIG does not rigorously
monitor the deregistration of inactive units, impacting the accuracy of results. That is, in areas where
building demolition rates are higher, one can expect lower accuracy rates for the results. Despite this,
evidence strongly indicates that the method effectively identifies real estate vacancy. The results were
satisfactory in the Centre, where building turnover rates are higher than in other parts of the city.
Interestingly, this data anomaly also helps identify vacant and undeveloped lots used solely for parking!2.

Figure 16 - Unbuild sites destined only for parking use in Areas 28 and 42, respectively. Source: Google Street View
(Google Maps, 2024) [reference date: March 2020 and August 2019].

In future studies on real estate vacancy, the method could be expanded to different scales, like
the RMBH or to a more localised analysis, examining each neighbourhood individually. It could also be
applied to other areas CEMIG serves, assuming the company’s data recording practices are consistent
across different locations. The researcher should consider four main factors that affect the accuracy of
ZCREVIM when setting territorial boundaries for analysis. They refer to the proportion of:

1. Properties serviced by the utility company.
2. Individual metering.

3.Illegal connections.

4. Property demolitions.

Higher service and individual metering rates improve accuracy, while more illegal connections
and demolitions decrease it.

2 Research developed by Pontes (2006) points to possibilities for the requalification of the Centre from the promotion of residential use in
the area.
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Access to more detailed data from CEMIG could enhance the study, especially concerning
information on consumer classes®3 and the duration of vacancy status for consumer units. This distinction
could differentiate properties that have been vacant for an unusually long period, for example, three
(Pan et al.,2020) or six months (Haramati & Hananel, 2016), from those that have just entered the real estate
market. An unresolved issue from this study involves the Othon Palace Hotel, which has been vacant since
November 2018 but was not identified as an area of interest (Maciel, 2021). It is recommended that the
billing status of its consumer units be investigated to refine the accuracy of the findings.

The path is open for innovative spatial analyses. By integrating the findings with additional
geographic information, researchers can explore relationships between real estate vacancy and factors
such as market values, crime rates, population income, and the pace of new construction. Given CEMIG's
practice of monthly data recording, it is also possible to track changes over time, allowing an
examination of how real estate vacancy trends evolve over specific periods, for example, by comparing
data from the same month across different years.

This approach complements official national statistics and enriches our spatial understanding
of vacancy phenomena. The method could be adapted for use in other areas that maintain georeferenced
electricity consumption databases. I hope other researchers will see this study as a foundation for
applying ZCREVIM in their investigations, utilising a variety of utility data such as electricity, water,
internet, or telephone services. These data types, collected independently of expensive field surveys,
have proven effective in identifying vacancy, as demonstrated by this and other studies (Haramati &
Hananel, 2016; Kumagai et al,, 2016; Li et al.,, 2019; Pan et al., 2020). They offer high spatiotemporal
resolution, a key feature for analysing short-term and long-term vacancy trends. ZCREVIM is a crucial
instrument for public authorities aiming to monitor and deal with the problem of real estate vacancy.

Data availability statement

The dataset supporting the results of this article is available on SciELO DATA and can be
accessed at https://doi.org/10.48331/scielodata.VKXSCV
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