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Abstract

:

Cities play a fundamental role in reducing greenhouse gas emissions and advancing the 2030 Agenda for Sustainable Development. In this context, public authorities need tools to help in identifying the best set of available solutions for the urban environment. Here, we developed an approach to help decision makers in evaluating sustainable solutions, considering aspects such as emission rate, economic attractiveness, job creation, and local competitiveness in an intersectoral fashion. To rank the best solutions, we developed a new methodology that links integrated assessment models (IAMs) to the available solutions at the Innovation Observatory for Sustainable Cities (OICS) database and applied it to Brazil. Our results show that the solutions with the greatest impact were often related to new technologies, for example, renewable energy, which depends on institutional and financial arrangements that are beyond the administrative capacity of the vast majority of municipalities. Despite these limitations, Brazilian cities can act as regulators or provide financial incentives and advocacy to promote sustainable solutions in the urban environment.
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1. Introduction


Cities are responsible for around 70% of the global carbon dioxide (CO2) emissions and global gross domestic product (GDP) while comprising about 50% of the global population [1,2]. The urban population is expected to nearly double by 2050 [1]. As a consequence, cities have increasingly concentrated populations, economic activities, social and cultural interactions, and environmental and humanitarian impacts [1]. Cities are both key emission sources and where climate change’s consequences are felt most severely [3]. Climate change has already impacted human health, livelihoods, and key infrastructure in urban settings, and climate change risks are expected to increase in the mid and long term [4]. Therefore, cities face challenges to deal with and opportunities to mitigate climate change.



Thus, cities play a crucial role in mitigating greenhouse gases (GHGs) and need to adapt to reduce the impact of climate change. Growing public and political awareness of climate impacts and risks has led many cities to include adaptation and mitigation in their policies and planning processes [4,5]. Several cost-effective technologies are available for urban climate action [6,7].



Nevertheless, real action often remains incipient without truly diagnosing the problem in cities due to short-term political decisions [8]. Therefore, decision support tools are needed to help decision makers in addressing local challenges while taking action toward climate change. Climate change action should be connected to the achievement of other Sustainable Development Goals (SDGs), since climate action can reduce risks and damage, and generate additional benefits such as innovation, health and wellbeing, food security, livelihood and biodiversity conservation, and reduction in the risks and damage [4].



Furthermore, the need for better-quality data is a critical element that hinders monitoring the achievement of sustainable urban development goals and global agendas such as the 2030 Agenda for Sustainable Development. As many countries have moved towards local-level decision making, there is a need for national monitoring systems that could support progress tracking and identifying setbacks using new approaches and techniques to support the formulation of evidence-informed policies. On the basis of this demand, many countries have developed platforms and observatories aimed at fostering sustainable urban development [9].



In Brazil, two platforms have had subsidies integrated with sustainable urban planning: the Sustainable Cities Platform (SCP) and the Innovation Observatory for Sustainable Cities (OICS). The SCP is an open- and free-access system that comprises thematic modules (best practices, indicators, and integrated urban planning, among others), provides methodologies and support materials for municipal management and planning, and guidelines, information, and news on urban sustainability and public policies [10]. The OICS is a virtual collaborative platform in the public domain that contains innovative and sustainable urban solutions contextualized to the national territory through typologies of urban regions [11]. In addition to providing inputs to policymakers, the OICS also seeks to inspire the public to lead more sustainable lives, and encourage the development of more resilient and humane cities [10].



Hence, in this paper, we aim to help decision makers in choosing and evaluating urban solutions for sustainable development. For this objective, we developed an integrated urban management analytical tool designed to assist cities in the implementation of the New Urban Agenda [1] and the 2030 Agenda for Sustainable Development [12]. The purpose of the tool is to allow for public managers, specialists, and other agents to access and choose from a broad set of sustainable urban solutions. To rank solutions, we developed a new methodology linking integrated assessment models (IAMs) to available solutions in the OICS. Special emphasis is given to the potential of solutions to help Brazil in achieving its nationally determined contributions (NDC) climate action plan.



A presentation of the methodology follows in Section 2, presenting models and scenarios used to create indicators to rank solutions. Section 3 presents the transformation of the model results into indicators, the ranking of the top solutions, and the selection of solutions according to the challenges. Afterwards, Section 4 presents a discussion highlighting political barriers to implementing solutions and policy recommendations, and Section 5 concludes the paper.




2. Materials and Methods


The methodology framework is presented in Figure 1. Initially, we evaluated the sustainable solutions in the OICS platform within their thematic areas. Through IAM, we simulated a sustainable economic trajectory in which solutions would be implemented, in contrast to business-as-usual trajectory. The simulation allowed for the development of mitigation potential and economic performance indicators. Then, we linked the indicators to the platform solutions in order to allow for the ranking of the available sustainable solutions in the OICS database. Ranking according to technical and economic criteria could help decision makers in selecting solutions that better meet local specificities.



The database has 295 solutions distributed in 6 thematic areas: (i) built environment, (ii) energy; (iii) mobility; (iv) sanitation: water; (v) sanitation: solid waste; (vi) nature-based solutions. The solutions in their respective areas are linked to the Sustainable Development Goals (SDGs) and, when implemented, contribute to the protection of the environment and climate, and thereby Brazil’s NDC (the Brazilian NDC reaffirmed its commitment to reducing total net greenhouse gas emissions by 37% in 2025 and by 43% by 2050. The NDC also set out the indicative objective of climate neutrality by 2060 [13]).



The present study reviews the OICS’ sustainable urban solutions and uses an integrated modeling exercise to create indicators for each one. The indicators help decision makers in selecting urban solutions and estimating the contribution of each solution to the fulfillment of the NDC. In this sense, we performed a simulation to project economic performance and GHG mitigation. From the perspective of sustainable integrated urban planning, a restrictive temporality was adopted in which the short, medium, and long terms correspond to 1 to 2, 3 to 5, and over 5 years, respectively. The study looks at the role that short-term solutions would play in contributing to climate neutrality by 2050.



The results of the projections were used for the elaboration of four impact indicators: emission mitigation potential, the level of economic activity, the level of employment, and the level of local competitiveness. For each indicator, solutions were classified following the structure developed in [14]. We then used the indicators to rank solutions to help decision makers.



2.1. Models Used to Project Impact Indicators for Sustainable Urban Solutions


The IAM framework is widely used in studies that project alternative impacts related to different climatic and technological ambitions [4,15,16]. It can be used to assess the feasibility of long-term global and national mitigation scenarios, with assumptions ranging from relevant changes in the energy matrix to alternatives related to not requiring negative emissions [17]. The methodology uses conditioned optimization models with a detailed representation of energy systems, land use, water resources, and environmental and socioeconomic impacts.



The chosen scenarios represent energy transition pathways within a decarbonization context. They explore mitigation options to achieve a climatic outcome in terms of the global surface temperature rise threshold. The IAM toolset functions through assumptions linked to scenarios and produces regionally disaggregated results allowing for elaborating the impact indicators for each urban solution. Figure 2 presents the iterations performed in the IAM model (the modeling documentation can be found in [18,19,20,21,22,23]).



The Total Economy Assessment (TEA), a computable general equilibrium global model (CGE) with recursive dynamics [18], and the Computable Framework for Energy and the Environment (COFFEE) model, a bottom–up optimization tool with the technological detailing of energy and land use systems [19,20], provide inputs for the overall boundary conditions used in the Brazilian Land-Use and Energy System (BLUES) model.



BLUES, a bottom–up national optimization model, describes in greater detail conventional and mitigation technologies for the energy, land-use, and water-use sectors in the Brazilian macroregions, and their investments, and operation and maintenance costs. It produces results in terms of energy demand, emissions, and sectoral production [20,21]. The sectoral energy demand coefficients produced by the BLUES model were incorporated with EFES/TERM [22,23], a regional CGE model that uses sectoral energy intensity levels to project economic effects on a regional scale in Brazil.



The iteration between the BLUES and EFES models is guided by two narratives. The first represents a baseline scenario in which the economy maintains the current pattern, and the second, the COP26 scenario, is in compliance with the Brazilian NDC presented in 2022. The simulation results, in terms of the deviation between the base and COP26 scenarios, were used as a reference for the measurement of impact indicators. The economic sectors of the IAM modeling were compatible with the areas of intervention and with the thematic areas of the OICS solution database. Table A1 in Appendix A presents the compatibilization between sectors and solutions.



The use of indicators allows for measuring the benefits that solutions, once used in cities, could bring directly to society and the economic system, enabling public managers to classify solutions according to their characteristics. This encompasses the ability to generate jobs, contribute to economic growth, has effects on energy demand, and mitigates GHG emissions. The simulations of each scenario, based on the narratives described below, produced results at the national level for the five macroregions of Brazil. The narratives portray domestic actions and trends materialized through the implementation of sustainable urban development solutions.



2.1.1. Baseline Scenario (Business as Usual)


The baseline scenario follows the trend evolution of energy, land-use, socioeconomic, and technological systems in the domestic context, demonstrating the consequences of the continuity of sectoral trends and policies already implemented in the country. The following recent trends were imposed on the scenario building tools: (i) current and contracted installed capacities for power generation sources, refineries, distilleries, transmission, and electricity distribution assets; (ii) deforestation projection from 2021 to 2050, using the observed trends from 2010 to 2020 as the basis; (iii) coal-fired power plants contracted in the southern region; (iv) natural gas thermoelectric plants at the base (privatization of Eletrobras); (v) biodiesel blend mandate from B10 to B12 until 2050; (vi) mandate for anhydrous ethanol blend in gasoline between 2021 and 2050 according to the average production between 2010 and 2020; (vii) the absence of policies to encourage the electrification of the vehicle fleet; (viii) current agricultural production technologies and compliance with the low-carbon agricultural (ABC) plan; (ix) the decarbonization targets of the International Maritime Organization (IMO) and the International Air Transport Association (IATA) with emission reduction targets of 50% in 2050 for emissions in 2008 and 2005, respectively.



Considering these assumptions in the BLUES–EFES model, the baseline scenario optimizes the evolution of energy, land-use, water-resource, socioeconomic, and technological systems according to the minimal cost perspective. Additionally, in the simulation stage of the baseline scenario, the following were assumed: (i) the factor’s productivity is consistent with the GDP growth generated by the COFFEE–TEA model; (ii) the population by region (federative units) evolves according to projections of the Brazilian Institute of Geography and Statistics [24]; (iii) land productivity grows at 2.5% per year; (iv) labor productivity grows at 0.4% per year.




2.1.2. COP26 Scenario


The COP26 scenario seeks to assess the effects of meeting the goals announced by Brazil at the 26th Conference of the Parties to the United Nations Framework Convention on Climate Change. At the time, the Brazilian government committed itself to achieving net-zero GHG emissions by 2050, stopping deforestation from 2030 onwards, reducing methane emissions, and complying to and implementing NDC guidelines and other sectoral commitments by 2030. In addition, the COP26 scenario considers the decarbonization objectives of IMO and IATA from 2023, and the goals of the ABC+ Plan. The used actions and measures imply a change in the country’s energy demand. Therefore, the BLUES–EFES model considers changes in the technical coefficients of the economic sector’s energy demand. This change in energy demand did not occur in the baseline scenario. Moreover, the COP26 scenario assumes the following: (i) the factor’s productivity is consistent with the GDP growth generated by the COFFEE–TEA framework; (ii) the population by region (federative units) evolves according to projections of the Brazilian Institute of Geography and Statistics [24]; (iii) land productivity grows at 2.5% per year; (iv) labor productivity grows at 0.4% per year.



The COP26 trajectory comprises a series of technological and economic changes to ensure economic decarbonization and promote greater efficiency in resource use, especially energy. It simulates the expected impact of adopting the available sustainable solutions on the OICS platform. The adopted changes in energy efficiency reduce the sectoral production cost per unit, given the lower need for energy use. Cost reduction implies a reduction in market prices and positively impacts economic activity. In turn, greater economic activity affects the use of primary factors of production such as capital and labor. That is, economic growth occurs as a result of a more sustainable (less energy) and more efficient allocation of productive factors in an economy where deforestation is zero from 2030 onwards.



The economic growth projected in the COP26 scenario, in sectoral terms, reflects the production carried out with sustainable technologies linked to OICS urban solutions and, in line with the requirements of the green industry, is characterized by greater efficiency in resource use and emission reduction [25]. Furthermore, cities located close to advanced industrial zones could benefit from externalities (environmental and economic). Although the green industry is not within the scope of this work, there is an intrinsic relationship among the adoption of sustainable urban solutions, the green industry, and resource decoupling, evidencing the sustainable character of the projected economic growth.





2.2. Scoring and Ranking the Solutions of the OICS Platform


We used BLUES–EFES modeling results as the basis (in terms of the deviation between the baseline and COP26 scenarios) of classifying the indicators of mitigation potential, and the levels of economic activity, employment, and local competitiveness. The results, which represent a quantitative approach, were inserted into a scale of the degree of impact ranging from 1 (very low) to 5 (very high) on the basis of [14]. The impact degrees assigned to each indicator represent the level of the contribution of each solution concerning economic and mitigation criteria (Table 1).



The economic criterion considers indicators that measure the benefits that solutions, once applied in cities, could bring directly to society and the economic system, especially regarding the levels of economic activity in terms of GDP, employment, and local competitiveness. The indicators are linked to SDGs 8 and 10. SDG 8 focuses on promoting economic growth inclusively and sustainably, generating full, decent, and productive employment for all. SDG 10 aims to reduce inequality within and between countries with the goals of increasing income, empowerment, and social, economic, and political inclusion, and combating discrimination [26,27].



Moreover, regional competencies, measured with comparable previous experiences and positioned in the face of implemented success cases, were considered. The criterion aims to ascertain how thematic solutions can be seen as an opportunity for the competitiveness and positioning of cities in terms of sustainability on a global scale, given the regional technological and scientific skills.



The mitigation potential indicator measures the GHG emission reduction capacity associated with the adoption of OICS solutions; therefore, it is directly linked to SDG 13 and the achievement of the goals established by the Brazilian NDC. The energy availability impact indicator aligns with SDG 7, which aims to ensure universal, reliable, modern, and affordable access to energy services for society. This goes further, also aiming at the sustainability of the energy system through an increase in the participation of renewable energies in the global energy matrix and an improvement in energy efficiency rates [26,27].



The allocation of solutions by thematic area concerning economic sectors followed the strategy of compatibilization in Figure 3. Although there was no perfect alignment between the thematic areas of the OICS and the sectors considered in the BLUES–EFES model, the intersection between the two tools was quite close, especially for the transport, energy, and industrial sectors.



The assignment of impact grades to the solutions allows for the solutions to be ranked according to economic and technical criteria. The ranking was incorporated into the OICS. In this sense, public managers can use the platform to sort sustainable solutions and choose those that better meet local demands, whether contributing to greater job creation, economic growth, less energy demand, and, above all, a reduction in GHG emissions.





3. Results


This section presents the results in three subsections: first, the results obtained from the BLUES–EFES model are presented by thematic and intervention areas (Section 3.1). Next, Section 3.1.1 and Section 3.1.2 present the impact on socioeconomic and technical indicators, and the role of each sector. The highest-ranked OICS platform solutions are identified in Section 3.2. Lastly, Section 3.3 displays the best urban solutions per challenge.



3.1. Translating IAM’s Results into Indicators


On the basis of the differences between the baseline and COP26 scenarios, impact indicators were generated to represent the effect of adopting a specific solution. For example, when it comes to the adoption of electromobility solutions, the indicators represent the effect that this technical change (COP26 scenario) has regarding internal combustion engine vehicles (baseline scenario).



As such, we estimated the socioeconomic and emission mitigation impacts for all thematic areas of OICS platform. Table 2 presents the results of the BLUES–EFES model in terms of emission mitigation, job creation, economic growth, and local competitiveness for thematic and intervention areas. Appendix A presents the compatibility between the modeling sectors and the OICS intervention areas.



3.1.1. The Role of Each Sector in Promoting Socioeconomic Growth


The OICS’s solutions, distributed within the respective thematic areas, have the potential to contribute to an increase in economic growth of 0.01% to 0.1%. In other words, the adoption of the solutions could result in a GDP increase in the order of 0.01% to 0.1% in the short term.



The results indicate that OICS’s solution could contribute to job creation. The employment results ranged from 0.01 to 0.04% in the short term; therefore, they were of a smaller magnitude than that of the projected impacts in terms of economic growth. The sectors and solutions that presented the best performance of GDP contribution, such as the energy sector and mobility, stood out. Thus, the solutions linked to distributed renewable electricity generation, smart and innovative electrical systems, and electromobility have greater potential for job creation in the urban environment.



The OICS’s solutions improved the local competitiveness indicator from 0.02 to 0.04%. The thematic area of energy stood out with solutions with a greater gain in capital and labor productivity. Solutions involving energy storage, energy management projects, mechanisms, and tools in the thematic area of energy, the energy use of waste in the thematic area of solid waste, and vehicles powered by biofuel solutions in the mobility area implied an increase of 0.04% in local competitiveness. On the other hand, solutions associated with nature-based solutions showed increases of around 0.02%; although positive, they showed the lowest potential contribution to local competitiveness.




3.1.2. The Potential Contribution of OICS Solutions for Emission Reduction


The OICS’s solution could contribute to mitigating GHG emissions in urban environments. In the case of the thematic areas of the built environment, mobility, and energy, we highlight the potential for reducing emissions of new building materials, electromobility, and intelligent and innovative electricity systems, respectively. In fact, less carbon-intensive options that replace concrete, and electricity replacing fossil fuels in heat process generation and mobility, play a central role in urban sustainability and a low-carbon transition in the economy.



The energy use of waste, technologies that reduce water consumption in buildings, and plans aimed at the adoption of nature-based mechanisms have the greatest potential for reducing emissions in the sectors of solid waste, sanitation, and nature-based solutions, respectively. Among the solutions with the greatest impact in these areas of intervention are the energy use of generated biogas in landfills, systems for the rational use of water in showers and toilets, and plans for the prevention, monitoring, and control of fires in urban and periurban areas.



From these results, grades were attributed regarding the ability of the solutions to contribute to emission reduction, economic growth, job creation, and competitiveness. Table 1 was used as a reference for this classification. Then, the solutions with their respective notes linked to the indicators were incorporated into the OICS platform, allowing for the solutions to be ranked. The following sections present the results of the ranking of the OICS solutions, and the best solutions by thematic area and challenge.





3.2. Ranking the Top Solutions at the Urban Level


Our results indicate that, of the OICS’s six thematic areas, the ones with the highest score were the energy sector followed by nature-based solutions and the mobility sector. Figure 4 shows the average of scores assigned to solutions grouped by thematic area and by indicator. In general, the solutions had an average impact ranging between neutral (3) and positive (4). The amplitude of the result between the sectors was low (3.9 to 3.2), with the energy sector having the highest score, and the built environment having the lowest score. There was, accordingly, a broad tendency for platform solutions to be consistent with various aspects of the Sustainable Development Goals such as emission rates, economic attractiveness, and job creation.



Among the most affected indicators, economic growth, job creation indices, and local competitiveness stood out, which illustrates the potential of sustainable solutions to increase the quantity and improve the quality of goods and services that society produces, and increase the number of employees. Regarding the potential for mitigating emissions, thematic area analysis reveals that nature-based solutions could especially contribute to achieving the COP26 scenario. Two main factors determined this result: (i) the natural power of plants to store CO2 and (ii) the structural changes in urban form proposed by some solutions.



For example, the vertical ecosystem, which was the best-ranked solution in nature-based solutions, is an innovative concept that includes vertical gardens and plant facades that remove CO2 compared to traditional solutions for urban facades [28]. Another solution is the concept of “biophilic cities” [28], which integrates nature into urban design and planning, redefining urban spaces for a more sustainable, green, and compact environment. As a consequence, nature-based solutions tend to achieve better performance regarding their potential to mitigate emissions compared to other sectors.



We also highlighted the top 5 solutions by thematic area (Figure 5). The highest-ranked solutions in the energy thematic area were related to the promotion of renewable sources in the urban environment and Internet of Things (IoT) technologies. In the second level, with the same score, the thematic area of solutions based on nature, sanitation, solid-waste management, and mobility stand out. Some of these solutions were the vertical ecosystem and sponge cities in the nature-based solution sector. Concerning sanitation solutions, the use of zeolite for water treatment, and the reuse and control system for water use were prominent. Appropriate collection and recycling, and the transformation of waste into energy are examples of solid-waste solutions. In terms of mobility, micromobility and electrification solutions are highlighted. Lastly, on a third level are the built environment solutions that include the promotion of ecological tiles, thermal building materials, and urban interventions.



In conclusion, our findings enable the integrative evaluation of urban sustainable solutions, taking into account four factors: greenhouse gas emission rate, economic attractiveness, job generation, and local competitiveness.




3.3. Ranking the Top Urban Solutions by Challenge


Figure 6 illustrates how the tool can be used. In short, as indicated on the left-hand side of the panel, the solutions were categorized into 28 challenges. This allowed for us to choose a particular challenge and obtain the best-classified solutions for the demand in question, indicated on the right-hand side of the panel.



For example, if we chose the transport decarbonization challenge, the ranking of the solutions that received the best scores was automatically displayed on the right-hand side of the panel. In this instance, the highest-scoring solutions involved alternative propulsion technologies, such as electric motors and fuel cells. As shown, this set of solutions scored 17 points. This result also illustrates another aspect of the methodology. There was no differentiation between the technologies that promoted vehicular electrification, that is, a bicycle and an electric vehicle had the same mitigation potential in the methodology because of the intervention areas created between the integrated model and the set of OICS platform solutions. The intervention areas classified and grouped the solutions according to their thematic correspondence in the models. Thus, the methodology does not include the differentiation of the potential between solutions from the same group; therefore, the solutions presented the same score). Three (75%) of the indicators received a score of 4, and one (25%) of the indicators received a score of 5. This result is in line with the vast majority of the current studies on transport decarbonization that indicate alternative motor propulsion solutions and the miniaturization of vehicles.



Likewise, other challenges could be selected, and the best solutions are displayed below, allowing for visualizing the top available solutions in the platform that are suitable to each challenge.





4. Discussion


In this section, we discuss the policy implication of our results, addressing the policy barriers to implementing the top solutions (Section 4.1) and what local governments can do in the face of structural constraints (Section 4.2).



4.1. Political Barriers to Implementing Solutions


According to the results, the solutions that had the greatest potential for impact belonged to groups of advanced technologies. Often, these solutions are at earlier stages of technological readiness. Hence, they are not widely commercialized, which imposes a challenge on implementation at the urban level.



Thus, Fuhr and Gonzales-Iwanciw [29,30] argued that, for urban sustainability policies to be successful, collaborations between and within different levels of government are necessary, and with the business community. For example, for Di Gregorio [31], it is essential to align local and national policies because fiscal, tax, and sectoral policies affect the development and availability of solutions while indicating society’s commitment to sustainable development.



Furthermore, Hammer et al. [8] added that the ability of municipalities to actively influence a sustainable growth strategy varies greatly. While some urban authorities enjoy significant political power or influence over different geographic areas, others have much more limited scope or political competence. Hence, there are several structural obstacles to the development of a sustainable economy that is based on the actions of cities and local governments.



To overcome this barrier, Bulkeley and Ryan [32,33] suggested that the implementation of sustainability solutions by cities is shaped by forms of governance that go beyond urban limits and require a multilevel governance program (MLG) that combines vertical and horizontal policies with decentralized adaptive governance. In this way, an MLG allows for the promotion of local initiatives and networks for the dissemination of best practices at the national level. Therefore, this is a challenge for the current Brazilian structure that strongly concentrates climatic decisions at the national level [34].




4.2. What Local Governments Can Do


Despite the identified political barriers for the implementation of top solutions at Brazilian municipalities, city officials could encourage the development of solutions through regulation, awareness programs, and purchases, as we briefly discuss below by thematic area.



For the thematic area of energy, as our results demonstrate, solutions with the greatest potential are related to the development of new technologies, intensive in capital and innovation, as is the case of blockchain solutions and energy generation via pedestrian steps. On the other hand, as Lo [35] indicated, authorities at the urban level could buy renewable energy to operate their regional facilities, thus encouraging photovoltaic generation solutions in water reservoirs, water heating using sunlight, and biofuel, among other solutions described in the database.



For mobility, our results indicate the high potential of electric vehicles, bicycles, and other micromobility solutions for moving both cargo and people in the urban perimeter. In this context, according to Glazener [36], local governments could act as regulatory authorities, managers of public transport and road systems, and buyers. In this regard, many cities have established procurement policies that require local fleets to transition to alternative fuels.



The analysis of solid-waste management solutions, in turn, indicated the high potential of transforming urban waste into energy and recycling solid waste. For this thematic area, Hammer et al. [8] argued that municipalities have considerable autonomy in terms of who collects waste and how, where and how they dispose of it, and which waste is directed for recycling or reuse. Thus, municipalities can act as regulators, encouraging the adoption of solutions while generating new jobs and economic growth [37,38].



With regard to nature-based solutions, local authorities such as landowners and development planners could establish land-use policies to improve urban resilience and restore ecosystem services [8,39]. In these circumstances, our results indicate the high potential of applying phytoremediation and bioremediation solutions to contaminated areas in addition to parks, gardens, and community gardens that are not intensive with regard to new technologies.



Regarding sanitation, while municipal governments may play a limited role in advancing technological solutions and processes identified as priorities in our study (e.g., nanotechnologies, chemistry, recycled wastewater, and seawater desalination), cities could implement these practices in public facilities [40,41].



For the thematic area of the built environment, our analysis identified that new materials, such as ecological tiles produced from recycled paper, bamboo urban furniture, and sustainable plastic wood are solutions that have a high economic and environmental impact. In this respect, building codes are one of the most important policy levers in developing solutions, as indicated by [42,43].





5. Conclusions


Cities are a key contributor to climate change; therefore, they need a coordinated approach to develop sustainable solutions. In this paper, we shed light on the role of cities in the transition to sustainable development, and how they can promote the UN 2030 Agenda in an integrated fashion. To this end, we coupled integrated assessment models with an urban solution database. More specifically, the EFES and BLUES models, and the Innovation Observatory for Sustainable Cities database were used.



The modeling tools, through the baseline and COP26 scenarios, provided proxies for the construction of indicators for evaluating the mitigation potential, economic growth, and job creation of the solutions contained in the OICS. With these parameters, the solutions were classified using a 5-level scale (1 to 5), scoring whether the degree of impact of the solution was negative (1), neutral (3), or positive (5). Lastly, the solutions were ranked and classified according to the main challenge they aid in resolving. The applied methodology incorporates a process of rationality and prioritization to the observatory’s database of solutions. It allows for users to browse the database, prioritizing solutions given the challenge of interest.



The solutions that obtained the best marks were those related to the energy sector, especially renewable sources and grid management, followed by solutions for the treatment and reuse of water and solid waste. The electrification of transport, the promotion of micromobility, and green areas in the urban perimeter also obtained good marks.



These results must, however, be seen in the light of caveats. First, the platform solutions were not evaluated individually, but through clusters that allowed for identifying areas of intervention. Second, the classifying criteria bound the solutions to a single thematic area, and a solution may generally include more than one areas or challenges.



Hence, three messages stand out: (i) the developed methodology is unique in the literature and demonstrates potential for transforming technical–economic trajectories into indicators for sustainable solutions; (ii) the solutions with the greatest impact were often related to new technologies, and depend on institutional and financial arrangements that are beyond the administrative capacity of the vast majority of municipalities; (iii) even in the face of limitations, cities can act as regulators or buyers, or provide financial incentives and advocacy to promote solutions in the urban environment.
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Appendix A


This appendix presents the economic sectors of the IAM modeling that are compatible with the areas of intervention and with the thematic areas of the OICS solutions database (see Table A1).
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Table A1. Compatibility between thematic areas of OICS solution and BLUES-EFES modeling sectors.






Table A1. Compatibility between thematic areas of OICS solution and BLUES-EFES modeling sectors.





	
Thematic Area

	
Solution Intervention Area

	
Corresponding Economic Sectors






	
Built Environment

	
Building materials

	
Extraction of iron ore; pig iron and iron alloys; cement




	
Building systems and technologies

	
Extraction of iron ore; pig iron and iron alloys; cement; construction




	
Building design strategies and urban design

	
Construction; trade; feeding; accommodation; public and private education; public and private health; services of architecture, engineering, technical tests/analysis; other professional, scientific, and technical activities




	
Design and evaluation methodologies and tools

	
Architectural and engineering services, technical tests/analysis; other professional, scientific, and technical activities




	
Mobility

	
Electrification of mobility

	
Electrical energy; ground transport; water transport




	
Transport sharing systems

	
Electrical energy; ground transport; waterway transport; water transport; systems development; services of architecture, engineering, technical tests/analysis; other professional, scientific, and technical activities




	
Methods, projects, plans, services, and mechanisms of sustainable urban mobility

	
Architectural and engineering services, technical tests/analysis; other professional, scientific, and technical activities




	
Innovative urban mobility technologies

	
Ground transport; waterway transport; water transport; development of systems and other information services




	
Sustainable mobility infrastructure

	
Construction; ground transport; water transport




	
Vehicles powered by biofuels

	
Ground transport; waterway transport; manufacture of biofuels




	
Energy

	
Renewable or distributed electricity generation

	
Electrical energy




	
Smart and innovative electricity systems

	
Electrical energy; water, sewage, and waste management




	
Energy storage

	
Electrical energy; services of architecture, engineering, technical tests/analysis; other professional, scientific, and technical activities




	
Energy management projects, mechanisms, and tools

	
Services of architecture, engineering, technical tests/analysis; other professional, scientific, and technical activities




	
Biofuel production and carbon capture

	
Manufacture of biofuels




	
Sanitation: Solid Waste

	
Energy use of waste

	
Refining oil and petrol coke; electricity, natural gas, and other utilities; water, sewage, and waste management




	
Conventional techniques for the collection, treatment, or disposal of solid waste

	
Water, sewage, and waste management; construction; ground transport; waterway transport; air transport




	
Recycling, reuse, and reuse of waste

	
Manufacture of textile products; water, sewage, and waste management; construction; feeding




	
Methods, tools, demand management and other sustainable waste management mechanisms

	
Services of architecture, engineering, technical tests/analysis; other professional, scientific, and technical activities




	
Innovative technologies or processes for mitigating the disposal of solid waste

	
Water, sewage, and waste management; ground transport; waterway transport; air transport




	
Sanitation: Water

	
Technologies that increase efficiency in water consumption in buildings

	
Manufacture of electrical machinery and equipment; water, sewage, and waste management




	
Conventional water treatment and reuse processes, systems, and techniques

	
Water, sewage, and waste management; services of architecture, engineering, technical tests/analysis; other professional, scientific, and technical activities




	
Innovative techniques for water supply, treatment, reuse, and reuse

	
Manufacture of textile products; manufacture of rubber products and plastic material; manufacture of electrical machinery and equipment; water, sewage, and waste management




	
Methods, tools, mechanisms, and management processes applied to the sanitation and supply chain

	
Services of architecture, engineering, technical tests/analysis; other professional, scientific, and technical activities; manufacture of electrical machinery and equipment; water, sewage, and waste management




	
Techniques for removing plastic from water

	
Manufacture of rubber products and plastic material; water, sewage, and waste management




	
Nature-based solutions

	
Techniques and processes applied to food production

	
Agriculture, forestry, forestry; livestock farming, including livestock support




	
Nature-based infrastructure

	
Agriculture, forestry, forestry; livestock farming, including livestock support; forest production; fisheries and aquaculture; construction; manufacture of wood products; production of pig iron/ferroalloys




	
Conservation, monitoring, recovery and renaturalization of ecosystems and basins

	
Agriculture, forestry, forestry; livestock farming, including livestock support; forest production; fisheries and aquaculture; other professional, scientific, and technical activities




	
Innovative technologies and techniques for the restoration of urban flora and fauna

	
Agriculture, forestry, forestry; livestock farming, including livestock support; forest production; fishing and aquaculture




	
Nature-based methods, plans, services, and mechanisms

	
Services of architecture, engineering, technical tests/analysis; other professional, scientific, and technical activities
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Figure 1. Methodological structure. Methodological framework: (1) Innovation Observatory for Sustainable Cities solutions were evaluated by thematic area (in blue); (2) two scenarios were created using integrated assessment models and allowed for the development of indicators of GHG mitigation potential and economic performance (in green); (3) OICS solution analysis based on indicators (in gray); (4) ranking of sustainable solutions available in the OICS database (in purple). 






Figure 1. Methodological structure. Methodological framework: (1) Innovation Observatory for Sustainable Cities solutions were evaluated by thematic area (in blue); (2) two scenarios were created using integrated assessment models and allowed for the development of indicators of GHG mitigation potential and economic performance (in green); (3) OICS solution analysis based on indicators (in gray); (4) ranking of sustainable solutions available in the OICS database (in purple).



[image: Sustainability 15 04766 g001]







[image: Sustainability 15 04766 g002 550] 





Figure 2. Exchange of information between integrated assessment models. 
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Figure 3. Compatibilization between the results of the BLUES–EFES model and the OICS intervention areas. 
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Figure 4. Average score by thematic area and indicator. 






Figure 4. Average score by thematic area and indicator.



[image: Sustainability 15 04766 g004]







[image: Sustainability 15 04766 g005 550] 





Figure 5. Top 5 solutions for each sector. 
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Figure 6. Classification of database solutions based on challenges of interest. 
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Table 1. Mitigation potential, employment, and GDP indicators.






Table 1. Mitigation potential, employment, and GDP indicators.





	Impact Class
	GHG Emissions

Mitigation Potential
	Average Annual

Variation in Jobs
	Average Annual

Variation in GDP
	Average Annual Variation in Capital and Labor Productivity





	1 a
	≤5%
	≤−0.03%
	≤−0.04%
	≤−0.05%



	2 b
	>5%

≤9%
	>−0.03%

≤−0.02%
	>−0.04%

≤−0.02%
	>−0.05%

≤−0.02%



	3 c
	>9%

≤14%
	>−0.02%

≤0.01%
	>−0.02%

≤0.01%
	>−0.02%

≤0.01%



	4 d
	>14%

≤19%
	>0.01%

≤0.03%
	>0.01%

≤0.04%
	>0.01%

≤0.05%



	5 e
	>19%
	>0.03%
	>0.04%
	>0.05%







a The solution, once implemented, had very low emission reduction potential and a very low impact on jobs, GDP, and competitiveness; b the solution, once implemented, had low emission reduction potential and a low impact on jobs, GDP, and competitiveness; c the solution, once implemented, had a median emission reduction potential and a median negative or positive impact on jobs, GDP, and competitiveness; d the solution, once implemented, had a high emission reduction potential and a high impact on job creation, GDP, and competitiveness; e the solution, once implemented, had a very high emission reduction potential and a very high impact on job creation, GDP, and competitiveness.
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Table 2. Potential for emission mitigation and economic impacts by thematic and intervention areas.
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Thematic Area

	
Area of Intervention

	
Mitigation Potential

	
GDP (%)

	
Employment (%)

	
Competitiveness (%)






	
Built environment

	
Building materials

	
11%

	
0.01

	
0.01

	
0.02




	
Building systems and technologies

	
6%

	
0.03

	
0.01

	
0.03




	
Building design strategies and urban design

	
4%

	
0.04

	
0.02

	
0.03




	
Design and evaluation methodologies and tools

	
5%

	
0.04

	
0.01

	
0.03




	
Mobility

	
Electromobility

	
18%

	
0.06

	
0.03

	
0.02




	
Transport sharing systems

	
17%

	
0.05

	
0.02

	
0.02




	
Methods, projects, plans, services, and mechanisms of sustainable urban mobility

	
5%

	
0.03

	
0.01

	
0.02




	
Innovative urban mobility technologies

	
10%

	
0.05

	
0.02

	
0.03




	
Sustainable mobility infrastructure

	
6%

	
0.05

	
0.02

	
0.02




	
Vehicles powered by biofuel

	
11%

	
0.04

	
0.02

	
0.04




	
Energy

	
Distributed renewable electricity generation

	
19%

	
0.1

	
0.04

	
0.03




	
Smart and innovative electricity systems

	
44%

	
0.06

	
0.03

	
0.03




	
Energy storage

	
10%

	
0.05

	
0.02

	
0.04




	
Energy management projects, mechanisms, and tools

	
5%

	
0.04

	
0.01

	
0.04




	
Biofuel production and carbon capture

	
9%

	
0.03

	
0.02

	
0.03




	
Solid waste

	
Energy use of waste

	
53%

	
0.03

	
0.02

	
0.04




	
Conventional techniques for the collection, treatment, or disposal of solid waste

	
15%

	
0.04

	
0.02

	
0.03




	
Recycling, reuse, and the reuse of waste

	
6%

	
0.03

	
0.02

	
0.03




	
Methods, tools, demand management and other sustainable waste management mechanisms

	
5%

	
0.04

	
0.01

	
0.03




	
Innovative technologies or processes for mitigating the disposal of solid waste

	
26%

	
0.04

	
0.02

	
0.03




	
Sanitation

	
Technologies that improve water consumption efficiency in buildings

	
29%

	
0.03

	
0.02

	
0.02




	
Conventional water treatment and reuse processes, systems, and techniques

	
26%

	
0.03

	
0.02

	
0.03




	
Innovative techniques for water supply, treatment, reuse, and reuse

	
13%

	
0.03

	
0.02

	
0.02




	
Methods, tools, mechanisms, and management processes applied to the sanitation and supply chain

	
5%

	
0.04

	
0.01

	
0.03




	
Techniques for removing plastic from water

	
17%

	
0.03

	
0.02

	
0.02




	
Nature-based solutions

	
Techniques and processes applied to food production

	
17%

	
0.03

	
0.01

	
0.02




	
Nature-based infrastructure

	
16%

	
0.03

	
0.01

	
0.02




	
Conservation, monitoring, recovery and denaturalization of ecosystems and basins

	
6%

	
0.04

	
0.02

	
0.02




	
Innovative technologies and techniques for the restoration of urban flora and fauna

	
18%

	
0.04

	
0.02

	
0.02




	
Nature-based methods, plans, services, and mechanisms

	
26%

	
0.02

	
0.01

	
0.02
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