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Abstract: With the increasing significance of Big Data sources and their reliability for studying current
urban development processes, new possibilities have appeared for analyzing the urban planning of
contemporary cities. At the same time, the new urban development paradigm related to regenerative
sustainability requires a new approach and hence a better understanding of the processes changing
cities today, which will allow more efficient solutions to be designed and implemented. It results in
the need to search for tools which will allow more advanced analyses while assessing the planning
projects supporting regenerative development. Therefore, in this paper, the authors study the role
of Big Data retrieved from sensor systems, social media, GPS, institutional data, or customer and
transaction records. The study includes an enquiry into how Big Data relates to the ecosystem and
to human activities, in supporting the development of regenerative human settlements. The aim of
the study is to assess the possibilities created by Big Data-based tools in supporting regenerative
design and planning and the role they can play in urban projects. In order to do this, frameworks
allowing for the assessment of planning projects were analyzed according to their potential to support
a regenerative approach. This has been followed by an analysis of the accessibility and reliability
of the data sources. Finally, Big Data-based projects were mapped upon aspects of regenerative
planning according to the introduced framework.

Keywords: Big Data; regenerative sustainability; assessment tools

1. Introduction

The world is changing and technology influences the development of cities in many areas. Big Data
is more and more present and can potentially be used to help in the planning of more sustainable
human settlements. With rapidly developing new technologies and instruments based on Big Data,
a large amount of information concerning social, economic, and spatial data is being collected in
smart cities, including both the public realm and buildings [1], allowing a more accurate analysis
of the processes shaping contemporary urban environments. With the possibilities resulting from
the globalization and digitization of data, the range and precision of the analysis of urban structures
is increasing. Open access to large datasets allows for a broader understanding of phenomena that
determine the development of cities [2] and the way they influence urban ecosystems and their
services as a direct contribution to human well-being, supporting the survival and quality of life of
city dwellers [3,4]. At the same time, with the increasing functional and virtual connectivity of urban
space, as well as the growing knowledge of the causes of climate change, numerous communities are
adopting various smart and innovative solutions to strengthen the sustainability and resilience of
cities [5].

In this paper, the authors inquire into the possibilities provided by Big Data-based tools in
supporting regenerative design and planning, by seeking answers to the following questions:
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e Can Big Data, when used considering an eco-systemic approach, help in shaping policies and
support the development of cities?

e  What is the potential of Big Data-based tools in supporting and assessing the regenerative design
of urban spaces?

e  Under what conditions can Big Data be integrated into regenerative design and sustainable planning?

The methodological approach of the study is based on gap analysis identifying opportunities and
barriers, which can possibly prevent or foster the use of Big Data to support the emerging regenerative
sustainability paradigm. In the frame of the research, the evolution of frameworks for assessing
sustainability and case studies focusing on the data sources, and scale of intervention, as well as the
phase of the planning process, were analyzed. As a core of the study, a conceptual framework of the
model for the use of Big Data in the regenerative planning projects was introduced, preceded by three
phases of research (Figure 1). The first phase includes an analysis of already existing frameworks
for assessing sustainability and the choice of the one most suitable for a regenerative approach to
planning. Furthermore, some key elements, such as creating a positive balance and a holistic and
circular approach, as well as assessing flows, were defined (phase 2). Moreover, the data sources which
are used or could be potentially supportive and useful in this process were examined. This study,
through the introduction of challenges appearing when implementing Big Data instruments in spatial
analysis, allows for the evaluation of their usability and effectiveness for assessing regenerative
planning projects including the aspect of reliability and accessibility of data. In this paper, the use of
Big Data based tools in regenerative planning projects and their further verification in the context of
changes in the regenerative paradigm is discussed. It concludes with recommendations for possible
ways of using Big Data in regenerative design and planning (phase 3).
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Figure 1. Phases of developing a conceptual framework of the model for the use of Big Data in assessing
regenerative planning projects. Source: Authors” own elaboration.

The paper is divided into nine main sections, starting from the introduction, which gives an
outline of the study. In the second section, a literature review is introduced with a strong focus
on state-of-the-art thinking on regenerative sustainability and the use of the Big Data-based tools.
The next two parts include an outline of the research design, including the aim, objectives, conceptual
framework of the study, and methodology. They are followed by a description of the evolution of
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frameworks for assessing sustainability. Further, a review of the processes and mechanisms for using
Big Data in the built environment is conducted, while in section seven, the classification of data sources
supporting regenerative planning is described. The core of this paper includes an introduction of the
model of analysis to implement Big Data use in sustainable design and planning processes. Finally,
the research ends with cognitive conclusions and implementation recommendations.

The aim of this paper is to analyze the possibilities given by the Big Data-based tools in order
to support regenerative design and planning. Such solutions can play a vital role in assessing the
development of regenerative features of urban settlements, while going beyond the “smart” approach
to sustainability. The authors explore how Big Data, when related to the ecosystem and human
activities, helps in shaping policies and evaluation tools to support the regenerative development of
cities (objective 1). Thus, while studying successfully implemented initiatives, the authors analyze
possible uses of Big Data in supporting the regenerative design of urban spaces (objective 2). At the
same time, the authors try to define the necessary conditions which allow for the integration of Big
Data-based tools with regenerative design and sustainable planning (objective 3).

2. Background—Regenerative Sustainability, Its Assessment, and the Opportunity to Use Big Data

In current strategies for enhancing sustainability in the built environment, ICT has been gaining
prominence [6]. At the same time, the neo-functionalist narrative can still be observed very often,
limiting this approach to matching energy demand and supply, enhancing the efficiency of the
distribution systems, and nurturing the market for smart appliances [7]. Smart built environments
already have multiple systems for capturing and monitoring data about human-ecosystem
relations [8,9], such as mobility, environmental conditions, energy usage and efficiency, service quality,
health, etc., although these systems are too often not integrated with one another [10]. On top of
that, those data are seldom harmonized, meaning that they need to be processed to achieve similar
standards, qualities, and ranges for them to be used together, to be compared, and to be used in the
same calculations and statistical analyses [11].

Reliance on ICT solutions makes the narrative of smart buildings and smart cities proceed, beyond
any evidence of failure [12], till the moment in which a shift to a more regenerative approach occurs.
Although theoretical bases are established, in praxis, the assessment of a smart build environment is
still often narrowed to technological aspects only. Therefore, there is a need to move from a narrow
focus on building energy performance, mitigation strategies, and the minimization of environmental
impacts, to a broader framework that enriches places, people, ecology, culture, and climate at the core
of the restorative design call [13,14].

To support this shift, within this study, the question about ways of assessing the regenerative
feature of settlements is being asked in terms of:

o self-sufficiency in most aspects, leading to a judicious use of the local resources within the context
of community lives;

e the wide introduction of conservation technologies in areas of water, energy, and appropriate
building materials (positive energy and material flows);

e respecting natural conditions, avoiding loss of the natural landscape and most importantly, of all
un-checked consumption, including fighting the urban sprawl (sustainable land use);

e promoting the mixed-land use and multi-level use in urban areas to reduce the energy
consumption of the transportation sector while at the same time;

e adding to vibrant urban life, which is a base for community development and an important
aspect in building social cohesion;

e creating inclusive spaces for different age groups and cultures, developing social capital building
on the identity of the place—its ‘genius loci’ (authors” own elaboration based on work of
Heynen (et al.) [15] and Conte and Monno [16]).
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The above-mentioned features not only allow us to sustain the state environment, but also to
move to a regenerative approach, at the same time focusing on strengthening human-nature relations.
Those features also promote a holistic, process-based approach to planning human settlements.

Even though those features of regenerative settlements remain deeply rooted in the area of
sustainability, the shift greatly affects the way that Big Data could be used as a tool for supporting
regenerative design. A regenerative approach can be defined as one leading to restore social and
ecological systems to a healthy state, and enabling social and ecological systems to maintain a healthy
state and to evolve [17]. At this stage of development, sustaining our environment is considered
by a body of literature as “not enough”. An emerging position is that there is a need to start
thinking of regenerative, rather than just sustainable, development. Du Plessis [18] argued that
the ‘dominant sustainability paradigms are reaching the limitations of their usefulness due to their
conceptual foundation in an inappropriate mechanistic worldview’ [19,20], and ‘their tacit support
of a modernization project that prevents effective engagement with a complex, dynamic and living
world’. The year 2015 was an important period in the process of broadening the sustainability concept,
including the regenerative shift, because at that time, two major international policies—the Sustainable
Development Goals (SDGs) [21] and the Paris Agreement [22]—were ratified. A massive global political
mandate for change was put in place, setting clear targets and objectives to change the status quo of
unsustainable development. However, those policies do not offer the mechanisms for achieving the
required shift [23], due to the difficulty of measuring the efficiency, including the overall and tangible
equity of the SDGs. The complexity envisaged in the concept of the regenerative development and the
parallel rise of Big Data availability, calls for the support of an evaluation, helped by introducing a
more effective framework to assess the regenerative sustainability of projects and a wiser use of Big
Data-based instruments. This assessment tool should allow for an evaluation of aspects not considered
in former studies, such as the creation of a positive balance (instead of reducing the negative impact),
a holistic and circular approach, and the assessment of flows (instead of states).

3. Methodological Approach

In order to address the aim of the paper—to assess how Big Data-based analyses can contribute to
the effectiveness of regenerative design and sustainable planning—the authors introduced a conceptual
framework for the use of Big Data in contributing to and supporting regenerative planning projects.
The paper presents exploratory research analysing implemented projects using Big Data-based tools in
various areas aiming to improve urban sustainability.

To achieve the defined objectives, the research is divided into several steps, visualised in Figure 2,
using the following research methods:

o  The first phase of the study is based on gap analysis, allowing the identification of opportunities
and barriers that could possibly prevent or foster the use of Big Data in relation to the emerging
regenerative sustainability paradigm. While exploring features of regenerative settlements
(described in Section 2), the authors identify which frameworks can be considered as the most
useful for such an approach in designing and assessing planning processes. The paper specifically
connects the above mentioned frameworks to the possibilities emerging from the use of Big Data.

e  Further, a review of current processes where Big Data-based tools are used in the projects aiming
to improve urban sustainability has been performed. As a result, based on the typology by
Thakuriah et al. [24], a classification of data sources potentially supporting regenerative planning
has been introduced (Section 6).

o To answer the questions outlined in the introduction, a comparative analysis of the mechanisms
supporting regenerative planning using Big Data was conducted. As a result, the crucial factors
determining the usability of those tools for the assessment of projects which support regenerative
planning were identified in order to create a base framework for the model of analysis.
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e The next part of the research is based on case studies analysis. The criteria for selecting
projects were identified according to the approach introduced by Seawright and Gerring [25],
who indicated seven methods of cross-case selection and analysis allowing the definition of:
typical, diverse, extreme, deviant, influential, most similar, and most different cases. For this
research, the first two—typicality and diversity of studied projects—were identified as the crucial
factors for allowing researchers to get a full picture of how the planning of regenerative human
settlements can be supported by Big Data-based tools.

e  Asanextstep of the research, the following criteria for the analysis of case studies were adopted:

- (1) Scale—Depending on what kind of action is needed, the area defined for intervention
can vary; therefore, selected case studies are supposed to give the possibility of
implementation on various scales.

- (2) Type of data—For each planning process, individual studies and solutions are designed;
therefore, each project requires a different type of data from different sources and owners.

- (3) Country development phase—Each place has a different specificity and capacity, so the
case studies present projects from different continents and countries: still developing,
in transition, and developed.

- (4) Phase of planning—The circular approach requires that not only tools for planning
and implementation, but also for evaluation and finally for improving existing solutions,
are analyzed.

- (5) Thematic area—Most importantly, based on the holistic approach, all aspects of city
planning should be covered; therefore, the case studies described below address all the
goals of the selected framework (introduced in Section 4).

e Using Urban informatics term as a key word in the conducted literature study, the authors,
taking into consideration the above mentioned criteria, studied over 50 examples of projects
applying Big Data tools. The search was conducted within projects and publications of or related
to the most known data centres, such as the UCL Centre for Advanced Spatial Analysis, MIT Media
Lab, MIT Senseable City Lab, Future Cities Laboratory, and Urban Big Data Centre.

e  To further the aim of recognizing the potential usability of Big Data in supporting regenerative
planning projects, the conceptual framework for a model was introduced and tested as the
main result of the research. The most suitable Big Data-based projects allowing for analysis
aimed at enhancing design sustainability were mapped upon these aspects according to the
developed model.

e  Finally, the test run for a model’s usability allowed us to draw conclusions on how projects using
Big Data-based tools support a regenerative approach in the present, as well as in which areas
their role could be enhanced.
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Figure 2. Conceptual framework for a model to assess the possibilities created by Big Data-based tools
in supporting regenerative design and planning. Source: Authors’ own elaboration.

4. Evolution of Frameworks for Assessing Sustainability

Local Agendas 21 [26,27], introduced at the Earth Summit 1992, is an example which became
a holistic instrument, allowing the measurement of the actual state and future directions of urban
development. In parallel, other standards and sets of indicators used to measure sustainability at the
global level were introduced. Probably, the most-known are the Sustainable Development Goals [21],
adopted in 2015 and further operationalized on the local scale. However, their usability in assessing
single projects is limited. For the purpose of our studies, we analysed other important sets of indicators.
Our main criteria of selection were their level of comprehensiveness and universality of use. Important
sets of indicators were introduced within initiatives such as: City Blueprint (Waternet Amsterdam;
KWR Water; Cycle Research Institute), European Green City Index (Economist Intelligence Unit;
Siemens), and Urban Ecosystem Europe (International Council for Local Environmental Initiatives
(ICLEI)), focusing primarily on environmental issues. Significant frameworks used to assess the
implementation of urban regeneration projects are, among others: The China Urban Sustainability
Index (Urban China Initiative), the Indicators for Sustainability (Sustainable Cities International),
the Reference Framework for Sustainable Cities (RFSC), and STAR Community Rating System
Sustainability Tools for Assessing and Rating Communities.

The table below identifies which frameworks can be considered as the most useful for assessing
regenerative approaches in designing and planning processes. To create the table, frameworks were
assessed in terms of the extent to which they measure features of regenerative settlements (described
in Section 2).

In recent years, various instruments supporting regenerative sustainability at the building
level were introduced, of which the most important are the Living Building Challenge, The Living
Environments in Natural, Social and Economic Systems (LENSES) Framework [28,29], and The
Regenesis Frameworks [30,31], but their use on an urban scale is still limited. Therefore, they were not
taken into consideration during the analysis conducted above.

One of the most widely used approaches to assess sustainability at the community level is the
Egan Wheel (developed as part of the Egan Review [32]). It identifies the skills needed to deliver
sustainable communities within eight sectors, allowing a relatively easy analysis of various aspects of
sustainability, also introduced in the Bristol Accord [33]:

e (1) active, inclusive, and safe—fair, tolerant, and cohesive with a strong local culture and other
shared community activities;
e (2) well-run—with effective and inclusive participation, representation, and leadership;
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o (3) well-connected—with good transport services and communication linking people to jobs,
schools, and health and other services;

e  (4) well-served—with public, private, community, and voluntary services that are appropriate to
people’s needs and accessible to all;

o (5) environmentally sensitive—providing places for people to live that are considerate of
the environment;

e  (6) equity—fair for everyone;

e  (7) thriving—with a flourishing, diverse, and innovative local economy;

e  (8) well-designed and -built—featuring quality built and natural environment.

Even though the goals introduced in Egan Wheel are deeply rooted in the traditional sustainability
approach, from the analysis above (Figure 3), we can see that they have the potential to be transformed
into a more regenerative approach. According to our analysis, Egan Wheel can be used to assess nearly
all the aspects of regenerative settlements (although some to a larger extent then others). It is especially
very well-suited to assess aspects such as ‘inclusive spaces’, ‘vibrant urban life’, and ‘mixed-land use’,
and well-suited to assess ‘sustainable land use” and “positive energy and material flows’. However,
it only partly allows an assessment of self-sufficiency. An analysis of existing frameworks has shown
that the Egan Wheel is the tool which provides the widest possibilities in measuring features of
regenerative settlements on a larger scale (urban and regional). That is why, within this research,
the Egan Wheel became a starting point for sustainability assessment, although to transform human
settlements to more regenerative ones, we need to use a contextually-based approach created for
the purpose of regenerative sustainability assessment. The main aspects distinguishing traditional
sustainability assessment frameworks from approaches based on regenerative principles are described
below (Figure 4).
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Figure 4. The transition from a sustainable to regenerative approach based on key elements shaping a
regenerative approach. Source: Authors” own elaboration.

5. Review of Current Processes, Tools, and Mechanism of Using Big Data in the Built
Environment

The Big Data term, which for the first time appeared in the 90’s [34], was built on the notion of
3V, which stands for ‘High volume, velocity and variety’ [35]. Today, it is defined as ‘a large-volume,
heterogeneous, autonomous data sources with distributed and decentralized control, and seeks to
explore complex and evolving relationships among data’ [36]. Many researchers focus on answering
the question of what are the possibilities for the future analysis of urban processes, which have emerged
with the wider access to large databases [37]. The Big Data term is used to describe a wide spectrum of
“naturally-occurring” data generated through transactional, operational, planning, and social activities
that are not specifically designed for research [38]. Therefore, next to numerous research identifying
opportunities, in many studies, the question about the reliability of Big Data as a source of information
is asked [39]. Some researchers even question if Big Data can be considered a reliable enough source
that can be used, without verifying this with other research methods, as a base for scientific research.
A critical discussion on this subject has been presented in numerous studies [40].

In urban studies, the possibilities of utilizing Big Data are still not fully recognized; however,
the results of Big Data-based analysis in chosen sectors of city development have been described in
the literature, such as in the work of Shekhar (et al.) [38], Bays and Callanan [41], or Somani and
Deka [42]. It is important to mention the publications by Hinssen [43] and Batty [44] considering the
potential of Big Data for smart cities” planning, which mostly recognized the field of use of Big Data in
urban studies.

Furthermore, various researchers describe areas where Big Data-based analysis is used or can be
used in spatial planning, environmental quality and pollution assessment, and outdoor climate and
human well-being studies, based on projects implemented in various parts of the world, all aiming
to support sustainable planning. What is noticeable is the quite limited number of projects where a
holistic approach to sustainable development based on Big Data was introduced [45]. Most of them
are only focused on selected issues and goals, and more importantly, almost none of them focus on
regenerative design in city planning [9].

So far, Big Data-based tools have been applied as a supportive solution in many projects oriented
on sustainable development that was widely described by, e.g., F. Hu (et al.) [46]. Such data is often a
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base for shaping sustainable polices [47]; however, its usability in regenerative planning is still, to a
large extent, not recognised.

6. Classification of Data Sources Supporting Regenerative Planning

Before introducing a holistic approach to analyzing urban processes using Big Data-based tools,
a full recognition and classification of data sources is needed. The typology of urban Big Data,
which gave a base for this research, has been introduced, among others, by Thakuriah et al. [24]:

e Sensor systems gathered data (infrastructure-based or moving object sensors)—most often
including information on environmental issues, as well as blue and green infrastructure, provided
by the public sector and completed by researchers.

e  User-Generated Content (“social” or “human” sensors)—information generated by online activity,
including social media, but also when using GPS systems. Databases are organized by private
business; however, quite often with open access, since collected data is provided by Internet users.

e Administrative (governmental) data, both open and confidential micro-data—accessible in Europe
due to the implementation of the INSPIRE directive, managed by public institutions, consisting
of information such as: (bank) transactions, taxes etc.; but also confidential (on the level of the
individual micro-data), concerning, e.g., employment and health. The important aspect of such
data is spatial information infrastructure supporting most urban analyses.

e  Private Sector Data (customer and transactions records)—with limited access provided by the
private business, e.g., financial institutions, including information on business records and
customer profile.

e Hybrid data (linked and synthetic data)—linked with Big Data although completed with
surveys or census-administrative records conducted by, e.g., planning institutions, as well as
governmental organizations.

In order to enable a holistic approach to design and planning, there is a need to integrate those
data sources and combine them with other more traditional methods of urban assessment.

7. Model of Analysis to Implement Big Data Use in the Sustainable Design and Planning Process

The literature review shows [48,49] that there are many opportunities to enhance regenerative
design when using assessment tools by combining clear cases of regenerative implementation with
already proven solutions (such as traditional GIS analyses or surveys). The Big Data-based tools
provide interoperable databases, allowing different data to be linked together, which can be a support
for regenerative planning. Additionally, Big Data, above all, gives a chance for easier access to the
opinions of space users. Therefore, tools based on such data are often considered an important source
of information for introducing solutions strengthening participation in planning.

All of the above-mentioned phases shaped a model allowing an analysis of the Big Data-based
tools potentially supporting regenerative planning. For the test run of its usability, the case studies
were selected according to the adopted criteria described in Section 3 and briefly introduced below.
The summary of the testing part is presented in Figure 5, where data sources, the type of project,
and the scale of its implementation were analyzed. This scheme was further developed by introducing
the case studies described following Bristol Accord goals, and enriched with information such as the
phases of planning the project support and country of implementation development phase in relation
to selected criteria.
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Figure 5. Test of the model—case studies, data sources, and the scale of implementation. Source: Authors” own elaboration.
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Internet users, by posting their opinions about places they visit on social media, quite often,
even unconsciously, value the space and produce information which can become a base for analysis
conducted by city planners and researchers. Based on such possibilities, the team from MIT designed
an algorithm—Street Score [50]—which analyses, thanks to both Google Street View and inhabitants’
responses, the safety of particular spaces. The results allow the shaping of a map which shows a
hierarchy of streets of cities such as New York, Chicago, Boston, or Philadelphia, explaining which
places are perceived as requiring intervention. Similarly, the project introducing a platform for
predictive policing and crime prevention with data analysis, answers the first goal of the Egan
Wheel. The tool is designed to support prevention, criminal justice, and law enforcement strategies.
The platform consists of three components oriented to the analysis of space, time, and social
networks [51]. Another example is a project gathering geo-located opinions, which provides a database
useful for monitoring needs regarding healthcare and introducing preventive projects in locations
where they are required [52].

In case studies related to social and cultural aspects (Figure 6), there is a possibility to use all types
of data: user-generated content, administrative data, private sector data, and hybrid data. It is also
worth noticing that data related to social aspects can only be collected in the location where studied
activity appears. Much data is connected with social phenomena occurring in the urban realm and is
gathered by different agents; however, its use in planning is still not fully recognized. One can say
that the range of its use is still limited in comparison to the other aspects, such as transportation and
connectivity or environmental aspects.

1. SociAL & CuLTURAL

CouNTRY

PHASE OF
PLANNING

AnALysis UsEer-GENERATED CONTENT Ciry

ADMINISTRATIVE DATA NEIGHBORHOOD
PRIVATE SEcTOR DATA
HyBRID DATA

Figure 6. Test of the model—elaboration of goal related to social and cultural aspects. Source: Authors’

IMPLEMENTATION

own elaboration.

The research project on M-Participation described by Erito [53] can be considered as a useful
tool for the implementation of the second goal of the Egan Wheel. It is focused on introducing
better management and governance, which was created in order to support neighbourhood planning,
based on a participatory approach, where the information gathered from social media is further
analyzed using sentiment analysis. It is worth noting that social media data provides a solid base
for seeking recommendations for strengthening governance and introducing better management,
as has been presented in the research by, among others: Michels [54], McAfee and Brynjolfsson [55],
and Provost and Fawcett [56].

In this aspect, Big Data is mostly used in the analytical, pre-design phase and during the evaluation
of the process (Figure 7); however, there are also significant case studies involving the participatory
design process. The most valuable data in this area related to users’ opinions which can support
decision-making processes in the city. Such data in the majority of cases can be retrieved from social
media; however, their reliability is unfortunately limited, as it often only shows the opinions of a
chosen group. The most useful data for such projects is that gathered by the private sector; however,
its access is often costly or even impeded.

The most common applications of Big Data-based tools are in transportation models (Figure 8).
Therefore, many examples of already implemented solutions can be found. It is more common to
use such a solution in the organization of traffic in a city and for improving the quality of public
transportation, as has been done, among others, in the project MobiliCities [57]. The tool allows
for improving the traffic in cities and regions in France, including reorganization and increasing the
efficiency of public transportation. When implementing such solutions, it is necessary to analyse the
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flows of residents in the city. Since the majority of the population uses smartphones with open access
for tracking their location, with time, this task is becoming easier.

2. GOVERNANCE

CouNTRY
DEVELOPMENT
PHASE

PHASE OF
PLANNING

UsEer-GENERATED CONTENT Ciry
ADMINISTRATIVE DATA NEIGHBORHOOD
. HYBRID DATA

ANALYsIS . IN TRANSITION

EVALUATION AND
IMPROVEMENT

Figure 7. Test of the model—elaboration of goal related to governance aspect. Source: Authors’

own elaboration.
User-GENERATED CONTENT REeGIONAL
ADMINISTRATIVE DATA Ciry

Figure 8. Test of the model—elaboration of goal related to transportation and connectivity aspect.

CouNnTRY

PHASE OF
PLANNING

3. TRANSPORTATION @
& ConnecTiviTY \(0—0°

EvALUATION AND
IMPROVEMENT

Source: Authors’ own elaboration.

Big Data-based tools are used in the majority of cases for evaluating and improving existing
solutions. There is also potential to use them for new investments during the planning phase; however,
during this study, no such cases were identified.

The majority of projects dealing with traffic infrastructure are based on data gathered from
users’ mobile devices (Figure 9), as was done in the analysis conducted within the Dakar Diaminia,
where Fetzer and Sy [58] assessed how new urban development is changing mobility patterns and
improving the accessibility of different parts of the city. The aim of this research was to analyze how
the highways are changing the behaviour of residents, as well as to define to what extent accessibility
to particular parts of the metropolitan area, offering numerous jobs, has changed.

4, SERVICES

CounTRY

PHASE OF
PLANNING

=,

EVALUATION AND
IMPROVEMENT

UsEer-GENERATED CONTENT Ciry
ADMINISTRATIVE DATA NEIGHBORHOOD

Figure 9. Test of the model—elaboration of goal related to service aspect. Source: Authors” own elaboration.

The majority of studies where Big Data is used to assess access to services are conducted by the
private sector only (e.g., analysis of shopping centre catchment areas) and unfortunately, such tools are
not commonly used in the planning process. In order to strengthen the use of Big Data in this field,
it would be beneficial to build cross-sector cooperation. It is also a reason why such analysis, in the
better part of cases, only covers a limited area of the city. Such solutions are mostly tested as pilot
projects, and there is a need for their wider roll-out in the future.

The next most recognized group of projects includes those using Big Data analysis for
environmental studies (Figure 10). As a relevant example, the experiment conducted by Huang
(et al.) [59] can be mentioned. By using a sensors system, the research team analyzed the microclimate
and outdoor thermal comfort of urban spaces where new investments were implemented or searched
for locations where they are needed. In such projects, Big Data is most often used as a source for
analysis to evaluate changes appearing in the public spaces of neighbourhoods. Another example,
although of a different nature, is a platform which was created in New York for inventorying trees
to recognize areas where greenery requires intervention and to control changes taking place in the
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natural environment of the city. Thanks to the involvement of volunteers and with the strong support
of Google Street View, the resulting database is constantly updated [60].

5. ENVIRONMENT

CounTRY

PHASE oF
PLANNING

AnALYSIS . DevELoPED

EvALUATION AND
IMPROVEMENT

SENSOR SYSTEMS Ciry
ADMINISTRATIVE DATA NEIGHBORHOOD

Figure 10. Test of the model—elaboration of goal related to environmental aspect. Source: Authors’
own elaboration.

Projects from this aspect are very often based on sensor systems, which limits their coverage and
may generate high costs of additional data gathering infrastructure, if wider implementation is needed.
At the same time, environmental databases are all over the world better structured and more often
updated than in other aspects of planning, as in the area of environmental analysis, Big Data tools
were used much earlier. Additionally, solutions are more systemic, as data (as e.g., flood protection
data) is gathered by public administration.

The project which uses Big Data as a tool for fulfilling goal 6 of the Egan Wheel (Figure 11)
is undoubtedly the proposal presented by the team from Harvard Humanitarian Initiative and
MIT Media Lab, where Big Data is used as a supporting tool aiming to identify local needs and
to improve decision-making and political processes in the researched areas [61]. The strategic goal
of the project is to show how the data and tools serve the interests of people across the globe,
especially of marginalized and vulnerable populations, by empowering them to use Big Data to
improve decision-making processes.

6. Equity

CounTRY
DEVELOPMENT
PHASE

AnALysis DEVELOPING
IMPLEMENTATION UNDERDEVELOPED

PHASE oF
PLANNING

UsER-GENERATED CONTENT NEIGHBORHOOD
PRivaTE SECTOR DATA
‘ HyBRID DATA

Figure 11. Test of the model—elaboration of goal related to equity aspect. Source: Authors” own elaboration.

Such projects have a key role to play, especially in areas with a high level of disparities, as a
supportive tool for fighting poverty and improving the quality of life. However, it is also worth
mentioning examples of projects enhancing social inclusion in developed countries. Two main areas
where they occur are: equalizing access to services and widely understood regeneration of blighted
areas. They can be used in all phases of the planning process; however, there are more examples where
such tools are used when conducting analysis or while implementing solutions. Among analyzed case
studies, we have not found any projects in the phase of evaluation.

An interesting tool was introduced in the Caribbean and Latin America, where Big Data is used to
improve the national capabilities for measuring and fostering the digital economy, which corresponds
with goal 7 of the Egan Wheel (Figure 12). The research showed that the region’s main challenge
is establishing a true dialogue between the national statistics offices and the most important Big
Data actors, who are mostly private. Most of the conducted analyses were studying relationships
between the digital economic components and socio-demographic variables related to development
and inclusion (such as production structure, innovation intensity, employment, gender issues, etc.) [62].
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Figure 12. Test of the model—elaboration of goal related to economy aspect. Source: Authors” own elaboration.
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Projects from this aspect require a close cooperation between sectors: private, public, and civic.
There is a need to embed them strongly in public statistics. In order to foster economic growth,
solutions need to be initiated by the governmental sector. It is worth noting that such projects are
implemented in both developed and developing countries (in this situation, often with the support of
global agents).

Within the project proposed by Google, using analysis based on the point cloud model, a map for
chosen American cities was created, where the algorithm allows for recording the level of insulation
and shows profitability in the use of solar panels for each building. At the same time, the user can
find out where the sun operates the longest and how much energy at specific times of the year will be
generated as a result of investing in a renewable energy source. A simulation showing the investment
return period is also available. The project aims at energy savings and increasing environmental
sensitivity while improving the quality of life in urban areas [63]. The same aim was adopted when
designing The Atlas of ReUrbanism [64]—an evolving and expanding tool, allowing its users to explore
the built environment block by block to review the age and technical condition of individual buildings
in all American cities. At the same time, this tool makes it possible to define areas where intervention
is most needed.

Such analyses are used in all scales of interventions, mostly at the early phases of planning
(Figure 13). As the buildings are usually private, it is easier to use incentive tools to intervene in the
urban tissue, such as in the case of the above-mentioned project in American cities. In areas where
urban tissue already exists, it is certainly easier to involve stakeholders in the transformation of public

space then intervene in buildings.
TWPE b
OF DATA
SENSOR SYSTEMS NEIGHBORHOOD
PRIVATE SECTOR DATA Ciry

8. Housing
& BuiLt ENVIRONMENT
Figure 13. Test of the model—elaboration of goal related to housing aspect. Source: Authors” own elaboration.

CouNTRY
DEVELOPMENT
PHASE

AnALYSIS ‘ DeveLoPED

These selected examples of Big Data-based projects show how the sustainable planning processes
can be supported by linking data from different sources and integrating different solutions. The authors
argue that only when integrating the data sources and different sectoral interventions can we speak
of a holistic approach to the use of Big Data to support enhancing the regenerative development of
human settlements. Additionally, the case study analysis has shown that Big Data can be supportive at
all phases of the design process, such as recognizing needs, programming solutions, and implementing
them, as well as during the evaluation phase, which aims to improve the design.

8. Discussion

As pointed out by Erickson (et al.), Hancke&Hancke, and Zanella (et al.), the conducted study
confirms that there are already multiple systems based on Big Data for capturing and monitoring
human-ecosystem relations in urban space [8,9,65]; however, their range is often sectoral ((Figure 14).
Analysis shows that the lack of integration of urban systems indicated by Tzoulas (et al.) [4] and by
Shen (et al.), at the level of the building [10], is also reflected in the fact that there are no holistic projects
using Big Data-based tools that integrate different systems of the city. From the definition, Big Data is
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seldom harmonized, and our study also confirmed that processing data to achieve similar standards,
qualities, and ranges for them to be used together [11], is a boundary condition for their usefulness.

Thompson and Newman [23] point out that the implementation of regenerative planning requires
a circular approach and a monitoring of the flows instead of states, and Big Data, by its very
nature—describing the phenomenon continuously, not at given points in time—can be considered an
appropriate tool for this issue.

The majority of analyzed projects do not focus only on the mitigation of negative phenomena,
but are trying to create a positive balance, which is a major feature of the regenerative approach [17].
A valid example could be the project by Google of ‘Solar potential of your community U.S.” [63]
or ‘Data-Pop’ introduced by MIT Media Lab [61]. However, it is not common to all case studies,
e.g., transport projects connected with transport—MobiliCities [57] focuses on the reduction of
congestion, while not trying to influence the mobility patterns.

FULL LIFE

CREATING HOLISTIC CYCLE,

POSITIVE CIRCULAR

APPROACH
BILANCE APPROACH

Figure 14. Research summary—Presence of key elements shaping the regenerative approach in
analyzed projects. Source: Authors” own elaboration.

9. Conclusions

There is significant potential for using Big Data-based tools to support various phases and aspects
of regenerative planning. It is important that such tools can be contextually-based and enhance
participatory solutions. Analyzing selected case studies, it can be noted that there are relevant
initiatives where Big Data is used to enhance chosen aspects of design sustainability, supporting the
planning and design of more sustainable inclusive territories and places. Initiatives are based on
multi-stakeholders and a co-creational approach, and allow the needs of populations to be met. At the
same time, analyses performed during this study show that, unfortunately, so far, there have not been
very many integrated solutions implemented or tested. There is a strong need to change the sectoral
approach and propose more holistic solutions which utilise Big Data. Many solutions are based on a
traditional sustainable approach aimed at the reduction of use, rather than creating a positive balance
or improving the health of the systems.

If we want to implement Big Data tools to support more integrated solutions, there is a need
for interoperability and data linking. So far, non-Big Data-based tools have provided the possibility
of obtaining a full picture of any specific problems, although most of the instruments offer the
possibility to compliment analysis using different kinds of tools and are open to new research fields,
as well as new approaches, e.g., connected with sentiments analysis, which can be used for gathering
preferences/perceptions of the users of urban spaces. Big Data sources can be considered useful
(1) at the preliminary phase of the design process when conducting analyses; (2) while designing
solutions strongly based on collected data; and (3) at the evaluation phase of particular solutions and
design improvements.

Big Data-based tools can be used at various scales of intervention. They can also cover various
aspects of sustainable development. However, there are also a lot of challenges which appear
when implementing Big Data instruments in spatial analysis. Similarly to a critical discussion by
Comber (et al.) [66], the biggest concerns are reliability and compatibility, but also the accessibility and
security of the data, in the context of public and proprietary information. Additionally, the quantity of
data does not allow for verifying possible mistakes or gaps [67]. Moreover, in many cases, the existing
data does not fully cover all areas of analysed cities. For example, when using user generated data
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such as those from social media, the researcher cannot receive a full picture as the results only cover
locations where the studied activity appears [59]. Also, sensor systems only allow the analyzing of
limited areas and the costs of obtaining private sector generated data can impede the possibility of
large-scale implementation of the tool which is using such data.

While evaluating the usability and the effectiveness of Big Data for spatial analysis, it can be seen
that there is a strong potential for using Big Data-based tools for supporting regenerative solutions as
they describe the process, not the state.

Big Data solutions related to regenerative design face different problems depending on the area
of analysis. For example, when analysing projects related to social or governmental aspects, it can be
noticed that data includes only part of the population. Therefore, any user-generated data, such as
those obtained from social media, can only be considered as a source of additional information, as it is
very difficult to obtain a statistical sample reflecting the entire population. At the same time, there are a
number of examples showing how useful such data is while complementing analyses or implementing
transport-related solutions. Similar situations can be pointed out when analyzing Big Data as a tool for
strengthening management, crime prevention, or health monitoring.

Moreover, even though it should be noted that the specificity and accessibility of data limit its
possible use in certain types of projects, there are many possible ways of using Big Data in regenerative
design and planning. However, Big Data-based tools can only be considered as reliable when systematic
solutions and database standards are introduced. To achieve this, it is vital to integrate instruments
based on Big Data in regenerative design by focusing on newer interdisciplinary processes and
digital tools.

The conducted research allowed the assessment of the possibilities created by Big Data-based
tools in supporting regenerative design and planning; however, the study did not cover the analysis of
Big Data tools. An analysis defining which tools are the most suitable for different types of projects
should be conducted as a further step in the research. The assessment conducted during this study
shows a lack of holistic projects (dealing with all the aspects of regenerative planning), which is why an
analysis of the boundary conditions, which would support the implementation of integrated projects,
might also be beneficiary. Finally, within a further step of this research, a system on the usage of Big
Data in regenerative planning can be designed.
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