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Abstract

:

The sewage system is one of the components of the complex ecosystem of cities. Although increasing the intelligence of this system is an essential driver for having smarter cities, there are few works aimed at identifying drivers that enhance the intelligence of urban sanitary sewage systems. The identification of these drivers, as well as the degree of importance of each one, is strongly influenced by the perception of researchers and professionals about the reality of each country. In this work, we identified the main drivers that increase the intelligence of the Brazilian urban sanitary sewage systems based on extensive and detailed bibliographic research and in the vision of 241 Brazilian professionals with experience in the concerned field. We used factor analysis to explore the relationship between the drivers. The survey results showed that the twenty drivers found in the literature can be grouped into six factors, depending on their approach, and that seven were considered priorities. They also showed that the path to be followed to increase the intelligence of sewage systems in Brazilian cities is still influenced by the challenges of solving structural problems.
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1. Introduction


The sewage system has aroused the interest of researchers, mainly because of its ability to impact the environment [1], quality of life [2], the health of the population [1], and the cost of public health [3]. In a context where one of humanity’s most significant challenges has been the sustainable management of natural resources, smart waste management is an essential issue for societies’ sustainability [4].



However, in several countries, mainly in underdeveloped and developing countries, adequate access to sewage services has been a recurring problem. The universalization of sanitation services is a concern expressed in objective 6 of the UN Agenda 2030 [5]. The reality of global sanitation is very different. While underdeveloped countries are concerned with open defecation [1], developed countries plan innovative solutions considering factors such as population growth, climate change, land use, urbanization, and changing legal requirements [6]. Between these two so distant poles are developing countries, which face the rapid growth of their cities with the mission of expanding their infrastructure and seeking more economically sustainable solutions [7,8].



In Brazil, Law No. 11,445 / 07, which instituted the basic sanitation guidelines, has as one of its objectives the universalization of access to sewage services and establishes the public power as the holder of the services with an obligation to plan, regulate, execute, and inspect. However, as in most Latin American countries, noncompliance with legislation associated with factors such as uncontrolled urban growth and population growth makes it difficult, especially for the poorest population, to access adequate sanitation services. As it is intrinsically related to the city’s urban space, sanitary sewage is also related to the form, land use, and public policy for improving and maintaining the city’s services. Thus, urban sanitation must be approached as a system in which political, socioeconomic, and environmental factors that interact in the sense that technical solutions can be made viable and implemented.



As an essential city service, the evolution of the urban sanitary sewage systems must be considered in the context of the main concept currently considered for the cities evolution, that of the smart city. This concept has evolved mainly due to society’s demands for more efficient and sustainable urban services and the development of new technologies, enhancing sustainability and quality of life [9]. In a survey about the main drivers that increase cities’ intelligence, of the twenty drivers considered important, the infrastructure of cities (networks of rainwater, sanitation and water, and sewage services) was considered one of the seven priority drivers [10].



Studies on sanitary sewage have mainly addressed issues related to sanitation services [11], public health [1], pollution control [12,13], environmental impacts [8], population behavior [14], and water quality [15], being scarce the works aiming at the identification of the drivers that influence the increase of the urban sanitary sewage system intelligence. The identification of these drivers, as well as the degree of importance of each one, is strongly influenced by the perception of researchers and professionals about the reality of each country. In this work, we identified the main drivers that increase the intelligence of the Brazilian urban sanitary sewage systems, based on extensive and detailed bibliographic research and in the vision of 241 Brazilian professionals with experience in the concerned field.



Considering the scarcity of public resources, mainly in underdeveloped and developing countries, this work also contributes so that city managers can direct their efforts towards the formulation and financing of public policy that enhance solutions to problems that hinder the increase of the system’s intelligence of sewage, including structural problems caused by the lack or inefficiency of sewage services. According to [16], for cities to increase their intelligence, structural issues must be solved.



The quality of the design of sewage networks is highly dependent on the creativity of designers in adopting methods, techniques, and processes that consider aspects related to cost, society, and the environment within the scope of local and regional peculiarities. In this context, this work also collaborates so that these professionals can direct their efforts because the main factors that increase the intelligence of sewage services can consider the local realities and, thus, increase the chances of success.




2. Materials and Methods


The main research question was: what are the main drivers contributing to a more intelligent sewage system in Brazilian cities? To answer this question, a four-step approach was used: bibliographic research, identification of potential drivers, a survey with expert’s opinions, and data analysis.



2.1. Identification of Potential Drivers


We carried out extensive and detailed bibliographic research on the Web of Science, Scopus, Scielo and the main scientific publishers’ websites, considering works published in the last 10 years, so that the drivers were the most representative of the current reality. We use keywords in Portuguese and English. In Portuguese we use the keywords “tratamento de esgoto,” “coleta de esgoto,” and “esgotamento sanitário,” which were combined with “smart cities.” In English, we use the keywords “sewage treatment,” “sewage collection,” “sanitary sewage,” “wastewater,” which were combined with “smart city” and “intelligent city.”



We performed bibliographic research mainly following the recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-Analyzes (PRISMA) [10,16]. Initially, we carried out an exploratory reading to exclude articles that did not have evidence or information on the subjects covered. Then we performed a selective reading on the selected articles, excluding those that did not have relevant primary information. We ended the bibliographic search when we realized that we were not finding new works with relevant information. Figure 1 summarizes the bibliographic research from the PRISMA flowchart.



For the 51 selected articles, we created a spreadsheet with all the relevant information to support the research and served as a basis for the driver’s identification. During the analysis process, we consider the perspectives, multiplicity, and plurality of approaches, order and summarize the information, relate the main concepts and knowledge, and identify the drivers. We consider relevant the drivers covered in at least two works that did not reference each other, which resulted in a set of twenty drivers. We prioritize drivers based on the results of the survey of the expert’s opinion.




2.2. Survey of Expert’s Opinion


We used a questionnaire developed on an online platform (Google Forms), containing demographic questions and questions addressing the importance of the selected drivers, which were presented at random to prevent the responses from being influenced by the order they appeared. Experts used a five-point Likert scale, ranging from “extremely important” to “minimally important,” to express their opinions on the importance that each driver contributes to making the urban sanitary sewage systems more intelligent. The preliminary version of the questionnaire was pre-tested with three specialists to identify possible doubts and eliminate inconsistencies. The revised questionnaire based on the comments received served as the basis for the survey.



We searched for professionals working in concerned fields of this research on university websites and sanitation companies, who were invited to participate in the survey by email and social networks. From May 11 to July 13, 2020, 252 professionals participated in the survey, of which 11 were excluded for not having completed the questionnaire, resulting in a sample with 241 respondents.




2.3. Data Analysis


To assess the reliability of the data collection instrument and the respondents, we used Cronbach’s alpha [17,18]. For drivers’ prioritization, we use the relative median concept [16], which establishes an indicator as a function of the distance from the median to the nearest class. Thus, taking Figure 2 as an example, the median equal to four in the first line is much closer to the frequency represented by the number three. In the second line, when we add more cells to the frequency represented by the number five, the median moves to the right. Although the two lines have medians equal to four, the second line driver can be interpreted as more critical since it received more ratings like five and maintained the other frequencies.



The formula used to calculate the relative medians was


  Rm =  {      1 +    P r     j 1         for   m  = 1       m +    P r  −  (   ∑  i = 1   m − 1    j i  + 1  )     j m         for    2 ≤ m ≤  N   and   m  = integer       m + 5      for    1 ≤ m ≤  N   and   m  =  fractional   number       N     for   m  = N      }   



(1)




where Rm is the relative median, m is the median, Pr is the median position, N is the number of respondents, and ji is the number of respondents who have been assigned the semantic classification of “i.”



The results were grouped considering the three colleges of knowledge organized by the Coordination for the Improvement of Higher Education Personnel (CAPES), Brazil, which group the training areas according to the affinity of their objects, cognitive methods, and instrumental resources. The colleges are Humanities Sciences, which covers areas such as architecture and urbanism, administration, economics, urban and regional demography, political science, education, and geography; Life Sciences, which covers areas such as biological sciences, medicine, and public health; and exact, technological, and multidisciplinary sciences, which covers areas such as engineering, environmental sciences, geosciences, statistics, and chemistry.



To identify how the drivers relate, we use Exploratory Factor Analysis. We assessed the adequacy of the data for factor analysis using Bartlett’s test of sphericity and Kaiser–Meyer–Olkin Measure of Sampling Adequacy (KMO) and extracted the factors using the principal component method.



The KMO index (KMO = 0.89) and Bartlett’s test of sphericity (2604.76, degrees of freedom = 190, p < 0.0001) confirmed the validity of the factor analysis for the chosen variables. To define the number of factors, we considered the eigenvalues, the total variance explained, and the variance explained by each factor. For the analysis of each factor’s internal consistency (reliability), we used Cronbach’s alpha, whose value greater than 0.6 confirmed the consistency of all factors.



We performed several simulations to decide the set of factors most appropriate to reality, considering mainly aspects related to the correlation matrix, commonality, convergence between the screen plot, and the Kaiser criterion (eigenvalue more significant than one unit), and the results provided by Varimax rotation method. The best solution was to extract six factors that explain 72.3% of the total variance. We named according to their latent nature and the contextualized reality by the variables represented by each factor.





3. Results and Discussion


The main results achieved were the set of drivers identified from the bibliographic research and the survey’s information synthesis.



3.1. Selected Drivers


Twenty drivers for improving the urban sanitary sewage system’s intelligence were selected according to the criteria described in materials and methods (Table 1).




3.2. Survey Results


Initially, we calculated Cronbach’s Alpha, whose value of 0.924 confirmed the reliability of the data. Then, we used the demographic data from the first section of the questionnaire to identify the interviewees’ profile, considering their school of knowledge, their professional experience, and their academic qualification (Figure 3).



Figure 4 shows the drivers classified by the relative median for the three colleges of knowledge and the entire sample. All drivers were considered important by the specialists (the relative medians were greater than 3.0), corroborating the view of the researchers who publish on the subject.



Table 2 presents the drivers classified by the specialists as “extremely important” (equal to 5) in the three colleges of knowledge, of which seven drivers were considered “extremely important” for the three colleges and the entire sample. These drivers were considered a priority. Three drivers (environmental sustainability guidelines, integrated sustainability guidelines, and infrastructure) received the maximum rating in two colleges. Another three drivers (behavioral aspects of the population, system expansion, and functionality) received the top rating in only one college of knowledge.



In Figure 4, seven drivers, which showed variations between the relative medians 4.01 and 4.99, are considered important, but with secondary priority: Management structure, System expansion, Population dynamics, Financing, Innovative Technologies, Urban environment, Cost reduction, and savings.



Figure 5 shows the driver’s behavior when colleges of knowledge evaluations are compared with each other and with the entire sample.



Regarding the relationship between the drivers, the factor analysis grouped the drivers into six factors. Table 3 presents the drivers grouped by these factors, named according to their approach, and the respective factor loads.



Table 4 shows that the approach related to political-economic viability contains the highest number of priority drivers, which can be considered the most relevant from the experts’ perspective, followed by the technical quality approach, with two priority drivers and sociocultural and project sustainability with a driver each. Drivers related to sewage system design and economic and management effectiveness approaches were not considered a priority.



In the project sustainability approach, drivers meet holistic and integrative approaches present in the literature, mainly covering the relations between economy, society, and the environment. Thus, the sanitation system must be economically viable, socially just, and technically adequate and also protect the environment and natural resources [60].



Some authors have approached project sustainability with an emphasis on a specific dimension of sustainability. Concerning the environmental aspect, the main focus has been on ensuring water bodies’ safety and maintenance that receive wastewater and contamination of the subsoil [1,25]. Regarding the economic aspect, the aspects related to the enterprise’s viability and financial security during its execution and operation have aroused greater interest [1]. The social aspect has been addressed mainly considering the impacts on the community’s health and safety [28] and the participation of society [14]. Considering that technical solutions are those that, in practice, incorporate aspects of sustainability in the built infrastructure, several studies have also been developed with this objective [2,13], including addressing the professional aspects [43], since sustainability, it has been a transversal theme to the areas of knowledge and increasingly present in professional activities.



In this approach, the Environmental management driver was considered a priority by the specialists. Environmental management’s main objective is to minimize environmental impacts throughout the life cycle of urban sanitary sewage systems. It is mainly related to the structuring and operationalization of institutional arrangements that will be put in place for environmental management, such as, for example, ministries, agencies, committees, and municipal secretariats. Thus, environmental management’s success is intrinsically related to the effectiveness of institutional arrangements [61].



Regarding the Sewage system design approach, the drivers relate to the strategic variables of the system design. The urban environment is a space with a high population concentration and, therefore, with a high effluent generation. The proper understanding of the characteristics of the different regions of the urban space, such as being residential, industrial, and commercial, has a great influence on the system’s success. However, the literature shows that the sewage system design must go beyond the urban environment characteristics. The sewage system’s success is also strongly influenced by Population dynamics. The population’s size and growth rates in the city’s regions influence its population concentration dynamics and, consequently, the volume of effluents generated. In this context, an intelligent system must be able to monitor whether the existing infrastructure adequately fulfills its function of capturing, conducting, treating, and discharging wastewater in water bodies depending of effluents volume generated, and proposing solutions for improving the existing infrastructure or expanding the coverage area, who have the flexibility to deal with variations in demand and who use the most appropriate technologies.



Another important point is that the rapid population growth experienced by several urban centers in Brazil and other developing countries has caused a disorderly expansion of cities. In several Latin American countries, including Brazil, occupations and land use formalized by government plans and actions and informal urban conditions, such as favelas and peripheries [16], coexist. These countries’ health infrastructure has not been able to keep up with this expansion, especially in informal urban areas [1]. In this scenario, the increase of sewage system intelligence is highly dependent on solving structural problems.



Although sewage system planning enhances the management of services and benefits the population by reducing improvisations and emergency decisions and directing medium and long-term actions, no driver of this approach was considered a priority by experts.



Concerning the sociocultural approach, the main driver’s focus is the behavioral aspects of the population, mainly about the population relationship with the sewage system, and education to raise awareness and provide information. The population’s behavior is influenced by several factors, such as social, demographic, cultural, political, economic, administrative, and educational [62], which shape how the population interacts with the system and understands its benefits and the losses of its bad utilization.



In this approach, Driver Education was considered a priority by specialists. It is mainly related to actions that increase the population’s understanding of the best way to interact with the system, such as, for example, awareness campaigns and programs. It is important that consumers mainly from developing and developed countries are educated about the risks, available options, and associated costs for the sustainable sanitation systems provision [63], since the lack of knowledge and consumer participation can go beyond association normally done between sanitation and health and also cover the lack of understanding about how the systems operate [64]. Thus, the attachment to the system and care for it, due to its relationship with the quality of life, will be greater, which increases the possibility of the system success [1,24].



In the political-economic viability approach, drivers focus on public policy, regulatory instruments, financing, and investment. Adequate public policy drives the primary sanitation sector. Consequently, wastewater systems [26,39], leveraging government actions and decisions and state programs that encourage and allocate funds for sanitation sewerage projects, thus enabling the improvement and expansion of these systems [7,33,39]. They regulate the system financing and direct incentives and legal and financial guarantees for investments [40].



Public policies related to sanitary sewage have been mainly aimed at solving structural problems and improving system performance and results quality, not following the same objectives adopted for the policies formulation of other services of smart cities ecosystem. We envision two factors that can help to understand this context. The first is that the development of new technologies and the applicability and versatility of their use have been more intense for other smart cities’ ecosystem components, such as smart mobility and smart buildings, which encourages the demand from manufacturers and users for more appropriate policies. The second is that the results visibility of actions aimed at increasing these components intelligence is more noticeable and immediate. However, in more evolved systems, policies are translated into laws and regulations that make them less susceptible to governments’ political conveniences [6,11,15,39,49].



In addition to public policy, the regulatory instrument driver was also considered a priority by specialists. These are formed mainly by legislation, technical standards, and recommendations from the agencies responsible for approving and monitoring the project. They provide a more stable environment for public and private investments and guarantee users’ rights with respect to the obligations to provide the service and the sustainability and stability of these services. In general, smart city systems demand less bureaucratic, expensive, and rigid rules and regulations that hinder innovation and competitiveness. In the case of sewage systems, regulatory instruments must focus on what is most fundamental and urgent for increasing the sector’s intelligence.



In this sense, the development of norms that establish guidelines and rules for the use of new technologies and the interoperability of systems and devices, and specific legislation that improves society’s participation process should be a priority. It is important to note that the development of new technologies brought about by technological innovations is still incipient in Brazil. In this context, it is essential to create a regulatory framework that enhances the innovation environment, and that adheres to the main innovation management standards (ISO 56000: 2020—Fundamentals and vocabulary; ISO 56002: 2019—Innovation management system—Guidance; ISO 56003: 2019—Tools and methods for innovation partnership—Guidance; ISO 56004: 2019—Innovation Management Assessment—Guidance)



Concerning investments in sewage infrastructure, smarter systems demand smarter processes and the incorporation of new technologies, which increases the volume of investments required. In many countries, government institutions are the main sponsors of the implementation, modernization, and expansion of sewage systems. However, investments have been insufficient, mainly in underdeveloped and developing countries, due to the low investment power resulting from fragile economies [33,35], the high cost of works and the operation of the system [19,21], and the election of other infrastructure sectors as priorities, such as, for example, water supply [32,37]. In this context, the smart combination of financing instruments and financing commitments minimizes credit crises and improves the planning of infrastructure project/investment [65].



Technical quality approaches are strongly associated with the typology and technical feasibility of solutions and their influence on cost, society, and the environment. The experts showed that technical solutions, professional qualification, and the incorporation of innovative technologies are the most relevant aspects of improving the intelligence of the sewage system, the first two being considered priorities.



Regarding technical solutions, the concept of “appropriate technology” is often used to represent the context in which solutions must be developed. Thus, the appropriate technology is one that enables safe and efficient sanitary conditions that make the construction, operational, and cost aspects compatible with the socioeconomic, environmental, and cultural characteristics of the communities [66]. In Brazilian legislation [67], appropriate technology takes on motivating the gradual and progressive adoption of solutions that take into account local peculiarities and the ability to pay for services by the population. Thus, technical solutions focus beyond the narrow sense of technical engineering design, which aims to meet technical standards. This context makes the increase of the system demand intelligence an interdisciplinary professional qualification, which must increasingly emphasize the ability to identify and understand the political, social, and cultural dimensions and make them compatible with the alternatives and technological innovations, to that solutions are more adherent to local realities.



Thus, the increase in system intelligence is also intrinsically related to the ability to incorporate technologies that enable new solutions or to improve the performance of existing solutions. An intelligent sewage system must be thought of as one of the components of the complex ecosystem of smart cities. Thus, integrating the sewage system with smart systems will provide a more intelligent urban system by allowing intelligent decisions at both levels.



Although the fast pace with which new technologies are developed enhances the increased acceleration of sewage systems intelligence, the pace of their incorporation differs between countries, depending on their culture, strategies, and objectives. In underdeveloped and developing countries, the incorporation of new technologies has been conservative. Thus, some barriers that hinder changes in current technological standards are the technicist approach, the dissociation between technique and politics, the resistance to dialogue between theory and practice, the reductionist performance where one does not seek to understand reality in its complexity, the consideration of technical knowledge as superior, the inability to dialogue, the supremacy of projects with conventional conceptions, and the excessive focus on economic viability [68].



Regarding the economic and management effectiveness approach, the main driver’s focus is the aspects related to cost reduction and savings and management structure. In the literature consulted, cost reduction focuses on the implementation costs related to the design, construction, and improvement of the collection and treatment systems and operational costs. In the context of savings, the incorporation of new technologies demanded by more intelligent systems plays a fundamental role.



In the design phase, new computational methods collaborate for the optimization of essential variables, such as, for example, the excavation volume, shoring structure, extension of pipes, and criteria for the selection of sewage treatment alternatives.



In the construction phase, in addition to the costs inherent to the construction process, the costs arising from impacts to the environment must also be considered. Conventional trenching processes, installation of pipes and components, and pavement replacement have a strong impact on residents, traffic, and economic activities. In this context, new technologies for excavation, compaction, and pavement replacement can also collaborate to reduce costs and impacts.



In the operating phase, savings should focus mainly on spending on the resources used (energy and other public services, materials, labor, and equipment). Sewage system characteristics, such as networks and components located in the subsoil, make it challenging to check maintenance and operation conditions [69], which increases costs. Considering that planned maintenance is much more economical in the long and short term [70], the use of new technologies, such as sensors and intelligent maintenance management systems, can collaborate to reduce these costs.



Concerning the driver management structure, the main focus is on institutional arrangements and the allocation of roles and responsibilities among stakeholders to manage and operate the sewage system. A more current and comprehensive way of understanding a smart city is that of an innovative city, which combines aspects of intelligence and sustainability through governance that integrates the interactions of interested parties [23,71]. As a driver of the smart city, the sewage system must also consider the complexities of these interactions. There must be a concentrated and cooperative effort among stakeholders, including owners, municipal officials, and local agencies [70]. The actions demanded by the roles and each stakeholder’s responsibilities can converge towards increasing the system’s intelligence.



Considering that this work’s results have a different bias from other studies on smart cities and their systems, some aspects must be contextualized. Although discussions about smart cities are not recent, researchers, institutions, and governments’ approaches show no consensus on what a smart city is. In these approaches, there is a massive presence of studies related to innovation and new technologies incorporation, mainly information and communication technologies (ICTs), aiming to improve sustainability, interactivity with the user, the population participation in decision-making processes, and other city issues’ service management in a context of challenges. The increase in cities’ intelligence has been a challenge experienced to a greater or lesser extent by city managers.



The concept of a smart city has evolved mainly due to the reality of cities in developed countries. However, these countries’ urban systems have gone through stages of evolution that have not yet occurred in underdeveloped and developing countries to a greater or lesser extent. The challenges imposed by this reality have influenced studies relating the term intelligence to the sewage system. Approximately 85% of the articles identified in the bibliographic research are focused on the sanitary sewage system in underdeveloped and developing countries, which makes the identified drivers present this profile. The survey results also corroborated with the authors’ understanding since all drivers were considered very important.



Another important aspect is that a significant portion of the drivers associated with smart cities is also important for “traditional” cities. For example, the public policies driver is present in most works related to city management, whether they are smart or not. Other drivers identified in this work, such as, for example, regulatory instruments, innovative technologies, sustainability guidelines, and population behavioral, have also been considered important for city systems, whether they are intelligent or not. In addition, these drivers have also been considered important in studies aimed at increasing the intelligence of other systems in the city, such as, for example, smart mobility and smart grids. However, drivers like Professional Qualification and System Expansion are more specific to exhaust systems.



Why have some systems received more attention than others? We highlight two factors that seem to influence this situation. The first is that the benefits of increasing the intelligence of some systems provide in the population’s daily life are more noticeable. The second is that incorporating new solutions, especially technological ones, is more straightforward and more immediate for some of these systems due to their characteristics. It makes the Water Environment Federation’s [72] finding that “intelligent water systems are still in its infancy” also a reality for sewage systems.



This context must also be associated with the fact that every driver has a challenge component due to its current reality transformation objective. The size of this challenge is a function of the reality to be changed, which, for the city’s systems, is also influenced by the system’s intrinsic characteristics and the attractiveness of the results provided by the increase of its intelligence. It makes the reality of each country significantly influence the way the drivers are interpreted. Thus, concerning the scope of this study’s results, we believe that the perception of the problems inherent to the cities’ reality in each country can influence the degree of importance attributed to the set of drivers. However, the Brazilian reality is similar to that of many countries. It means that aspects of this reality are experienced to a greater or lesser extent by most cities in underdeveloped and developing countries.



Usually, the drivers associated with smart cities are numerous due to the many variables involved and the different views of interested parties. In this sense, the results confirmed this expectation due to the bibliographic research’s rigorous procedures. However, there is always the possibility that some relevant article has not been considered.



All drivers were considered important by the professionals who participated in the survey, corroborating the authors’ view who work with the theme. However, it is important to note that all research based on experts’ judgment has some degree of subjectivity resulting from the evaluator’s interpretation of what is being evaluated. The most recommended is that all the drivers considered important are the focus of the managers’ actions. However, in a scarcity of resources, the most priority must be selected so that governments, managers, and investors can prioritize their efforts.



The prioritization strategy adopted was: a) group the survey results considering the three colleges of knowledge organized by the Coordination for the Improvement of Higher Education Personnel (CAPES), Brazil, which group the training areas according to their affinity objects, cognitive methods, and instrumental resources; b) consider drivers with a median equal to five as a priority in the three colleges of knowledge: there is unanimity regarding their importance. This way of evaluating the results according to each College’s professionals’ vision made the results more adherent to the reality experienced by Brazilian cities.



Finally, we can conclude that Brazilian cities’ reality means that increasing the intelligence of sewage systems has to consider earlier stages, in which inefficiencies and structural problems are present.





4. Conclusions


In a context of increasing incorporation of the concept of smart city, urban sanitary sewage systems should be considered integrated to this context since the increase in the cities intelligence occurs mainly due to the increase in their systems’ intelligence. In the literature, few studies aimed at identifying drivers that influence the increase in the urban sanitary sewage system intelligence. It was the focus of this work, researching the drivers that increase this system’s intelligence, grouping them according to their approaches, and identifying the most priority.



The survey results showed that due to the drivers’ relationship, they could be grouped into six approaches: Project sustainability, sewage system design, sociocultural, political-economic viability, technical quality, economic and management effectiveness. It also showed that of the twenty drivers found in the literature, seven could be considered a priority: Public policy, regulatory instruments, investment, environmental management, education, professional qualification, and technical solutions, and that the drivers of the Sewage system design and economic and management effectiveness approaches were not considered a priority.



Concerning policymakers, the results show the importance of public policy and regulatory instruments for increasing the system’s intelligence. From the perspective of priority drivers, we expect policymakers to create an environment in which guidelines and rules make the investment in the sector more attractive and increase the ability to incorporate technologies that enable new solutions and improve existing ones performance. Another important action is the improvement of professional qualifications. A smart sewage system requires an interdisciplinary professional qualification, which must emphasize the ability to identify and understand the political, social, and cultural dimensions and make them compatible with technological alternatives and innovations to be more adherent to local realities. We also expect a greater emphasis on creating tools that improve the population’s understanding of how best to interact with the system.



Concerning investors, the investment driver signals the importance of their role. Smarter sewage systems demand more intelligent processes and the incorporation of new technologies, which increases the demand for more investments. However, the system’s increased intelligence enhances the improvement of its performance, which makes investment in the sector more attractive. In this context, the smart combination of public and private financing instruments can minimize credit crises.



Concerning public and private managers, their performance is directly related to the system’s management and operation, which are the main means of generating cost and performance indicators. In addition, its performance is also strongly influenced by public policy, regulatory instruments, and available resources. In this context, they can play a fundamental role as an interface between policymakers and investors, providing indicators that collaborate to improve each’s decision-making process, such as those related to environmental management, education, professional qualification, and technical solutions. It is important to note that the path to smarter sewage systems is highly dependent on accurate diagnoses of the current situation.



Considering the scarcity of resources experienced by many countries, we hope that the results of this work can collaborate so that governments, managers, and investors can prioritize their efforts.
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Figure 1. Synthesis of bibliographic research from the PRISMA flowchart. 
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Figure 2. Example of the median position [16]. 
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Figure 3. Interviewees’ profile 
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Figure 4. Drivers classified by the relative median for the three colleges of knowledge and total respondents. 
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Figure 5. Driver’s behavior for each school of knowledge and the entire sample. 
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Table 1. Drivers for increasing the intelligence of urban sanitary sewage systems.
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	Driver
	Source





	Environmental management: Actions based on environmental management instruments (such as licensing and environmental impact study) to eliminate/reduce possible impacts on the environment from the sanitary sewer system’s construction and operation.
	[1,7,8,12,13,14,15,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36]



	Urban environment: Space with high population concentration and, therefore, increased generation of effluents, which may have residential, industrial, and commercial characteristics.
	[1,7,12,14,22,33,35,37,38,39]



	Environmental Sustainability Guidelines: Guidelines that guarantee the safety and maintenance of natural resources, particularly water bodies that receive wastewater.
	[1,6,13,22,23]



	Financing: Financing of works for the implantation or expansion of sewage treatment and collection systems.
	[6,21,33]



	Investment: Application of financial resources in works to implement or expand treatment and sewage collection systems.
	[1,6,12,19,21,26,32,33,35,39,40,41,42,43,44]



	Cost reduction and savings: Reduction in the operational cost of sewage collection and treatment systems and the cost of implementation, improvement, and system expansion.
	[1,6,12,19,21,26,32,33,35,39,40,42,43,44]



	Economic Sustainability Guidelines: Guidelines that guarantee the financial security of sewage ventures during their execution and operation.
	[1,26,45]



	Regulatory instruments: Decrees, master plans, and other legal instruments that establish public order rules related to the implementation, improvement, and expansion of sewage collection and treatment systems.
	[1,6,8,11,26,32,39,46,47]



	Management structure: Institutional arrangements and allocation of roles and responsibilities among interested parties for the sewage system’s management and operation.
	[1,6,8,26,32,33,39,43]



	Public policy: Government actions and decisions and state programs that encourage and allocate funds for sewage projects.
	[6,7,8,11,14,15,19,20,21,22,26,32,33,34,38,39,40,45,47,48,49]



	Professional qualification: Trained personnel with sufficient technical knowledge to conduct sewage projects.
	[13,26,33]



	Integrated sustainability guidelines: Holistic guidelines aim to improve sanitary sewer enterprise or service, understanding the relations between economy, society, and environment.
	[2,13,33]



	System expansion: New works, implementation, and complementation to expand the coverage area of the wastewater system.
	[7,21,26,32,33,35]



	Functionality: Ability of the sanitary sewage system to adequately fulfill its function of capturing, conducting, treating, and discharging wastewater in water bodies.
	[1,7,13,35,49]



	Infrastructure: Sanitary sewage systems in urban areas.
	[1,7,12,19,20,21,26,29,31,33,35,36,37,39,41,50,51]



	Technical solutions: Creativity of designers searching for the best technical solution considering cost, society, and environment.
	[1,6,7,12,13,19,23,26,29,30,33,34,35,38,41,43,51,52,53,54]



	Innovative technologies: Research, development, and application of new technologies to solve or minimize problems related to sanitary sewage.
	[1,2,6,13,19,23,25,26,27,31,32,33,36,37,42,52,53,54,55,56,57,58]



	Behavioral aspects of the population: Relationship of the population with the sewage system to understand its benefits and the losses of its misuse, such as the dumping of materials in the system.
	[1,6,14,19,20,21,24,26,32,35,36,39,40,59]



	Population dynamics: Size and population growth rates of a given region of the city.
	[1,12,21,30,32,33,46]



	Education: Awareness campaigns and programs aimed at the proper use of the sewage system.
	[1,12,14,33]
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Table 2. Drivers ranked as “extremely important” by professionals who participated in the survey.
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	Guidelines
	Exact, Technological, Multidisciplinary Sciences
	Humanities Sciences
	Life Sciences
	Entire Sample





	Investment
	5
	5
	5
	5



	Regulatory instruments
	5
	5
	5
	5



	Public policy
	5
	5
	5
	5



	Technical solutions
	5
	5
	5
	5



	Professional qualification
	5
	5
	5
	5



	Education
	5
	5
	5
	5



	Environmental management
	5
	5
	5
	5



	Integrated sustainability guidelines
	-
	5
	5
	



	Environmental Sustainability guidelines
	-
	5
	5
	



	Infrastructure
	5
	5
	-
	



	Functionality
	5
	-
	-
	5



	Behavioral aspects of the population
	-
	5
	-
	-



	System expansion
	-
	-
	5
	-
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Table 3. Drivers grouped and named according to the aspect of the reality represented by each one.
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Approach

	
Drivers

	
Factor Loading






	
Project sustainability

	
Integrated sustainability guidelines

	
0.85




	
Environmental Sustainability Guidelines

	
0.87




	
Economic Sustainability Guidelines

	
0.69




	
Environmental management

	
0.58




	
Sewage system design

	
Urban environment

	
0.59




	
Population dynamics

	
0.57




	
Infrastructure

	
0.70




	
Functionality

	
0.64




	
System expansion

	
0.60




	
Sociocultural

	
Behavioral aspects of the population

	
0.81




	
Education

	
0.72




	
Political-economic viability

	
Financing

	
0.64




	
Investment

	
0.83




	
Regulatory instruments

	
0.51




	
Public policy

	
0.62




	
Technical quality

	
Technical solutions

	
0.73




	
Innovative technologies

	
0.80




	
Professional qualification

	
0.67




	
Economic and management effectiveness

	
Cost reduction and savings

	
0.72




	
Management structure

	
0.66
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Table 4. Priority drivers grouped by the approach.
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	Approach
	Priority Driver





	Project sustainability
	Environmental management



	Sewage system design
	-



	Sociocultural
	Education



	Political-economic viability
	Investment, Regulatory instruments, Public policy



	Technical quality
	Professional qualification, Technical solutions



	Economic and management effectiveness
	-
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Population dynamics | 4.4 Population dynamics | 4.5
Cost reduction and savings 4.8 Cost reduction and savings 4.4
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Planning tools | 5.0 Planning tools | 5.0
Investment 5.0 Investment 5.0
Infrastructure | 4.1 Infrastructure 49
Management structure 3.6 _ Management structure ) 4.7
Environmental Sustainability... 5.0 EnVlronmgntaI Sustainability... | 4.8
Behavioral aspects of the...| 4.8 Behavioral aspects of the... | 4,6
Integrated sustainability... 5.0 Integrated sustainability...) 4.7
Economic Sustainability.... 3.8 Economic Sustainability... | 4.6
System expansion 4.8 System expansion | 4.9
Innovative technologies 4.8 Innovative technologies | 4.8
Functionality | 4.2 Functionality | 5.0
Urban environment | 4.8 Urban environment 4.4
Financing | 4.0 ~ Financing | 4.8
Population dynamics | 4.8 Population dynamics 4.4
Cost reduction and savings 4.4 Cost reduction and savings 4.7
1 2 3 4 5 1 2 3 5
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