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Abstract

:

Sustainability rating systems for the built environment involve a multitude of indicators that are based on different types of data. This work capitalizes on an existing multicriteria assessment method and supporting decision-making tool at building and neighbourhood scale, to develop an enhanced method and tool at city scale. The main sustainability issues at building and city scales include site and infrastructure, energy and resources consumption, environmental loadings, climate change, environmental quality, water, waste, transportation, services, social aspects, economy and governance. Approximately 300 indicators distributed among the different scales are used to describe and quantify the various facets of sustainability. Specifically, the building scale includes a pool of 80 indicators of which 17 are key performance indicators (KPIs), the neighbourhood scale has 133 indicators of which 14 are KPIs and the city scale has a total of 99 indicators of which 10 are KPIs that were new additions to the existing method. The emphasis in this paper is given on elaborating the key performance indicators for cities and demonstrating their applicability through a case study. The common method and tools provide a flexible assessment system for local authorities and stakeholders to develop and assess sustainability plans.
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1. Introduction


Buildings in the European Union (EU-27) used about 391 million tons of oil equivalent (Mtoe) (Figure 1) that represented 44% of the total final energy consumption in 2021 [1]. Adjusting the available data to compare with Europe 2020 targets and progress towards Europe 2030 energy efficiency targets, the temporary achievement of the −20% efficiency target in 2020 (Figure 1) was mainly the result of the widespread lockdowns and slowdown of the European economy during the COVID-19 pandemic. The energy use of the buildings sector in 2021 increased by 5.9% compared to 2020, while the rebound in the residential sector reached 5.5% and in the services sector climbed by 6.7%. Looking at the big picture (Figure 1), since 1990 the total energy use in the buildings sector exhibits small fluctuations and currently exceeds the 1990 value by 14%. Compared with the Europe 2030 target, there is currently a gap compared to the projected linear trajectory (Figure 1). Apparently, there will be a need for even more aggressive measures to lower the energy consumption and meet the proposed lower limit of the European climate law for reducing the EU emissions by 2030 by at least 55% compared to 1990 levels [2].



Cities collectively consume most resources and contribute to many environmental challenges including energy use and emissions from buildings and transport since they use about 78% of the world’s energy and produce over 60% of the global greenhouse gas (GHG) emissions [3]. As a result, cities and the built environment are a major part of the problem, but at the same time they can become part of the solution. Accordingly, cities and local governments should lead the effort towards a low carbon, resource-efficient, sustainable and resilient society. They have the potential to deliver on net-zero targets with specific city-level actions, but first they need to overcome various challenges [4].



Urbanization in Europe is increasing as more people live and work in cities, as about 70% of Europeans are currently living in urban areas [5]. Total GHG emissions in EU-27 reached 3541 kgCO2-eq in 2021 [1] including direct (on-site combustion) and indirect (from electricity use) operational emissions from the buildings sector. The variations in GHG emissions (Figure 2) exhibit a clear downward trend and currently are at about −28% below the 1990 value, well below the Europe 2020 target. Although the anticipated rebound of emissions as of 2022 (due to the war in Ukraine and the EU energy embargo on Russia that mandated the reactivation of coal-fired power plants) is not yet quantified, it appears that the overall trend may be under the −55% projected linear trajectory towards the Europe 2030 target.



European cities use about 60% to 80% of the final energy and collectively account for about two-thirds of the total GHG emissions [6]. Recognizing the pivotal role of urban environments on climate mitigation, 377 cities from all EU-27 member states, associated and neighbouring countries have engaged in the EU Mission that aims to deliver 100 climate-neutral and smart cities by 2030 [7]. Furthermore, initiatives like the Green City Accord [8] and awards like the Green Capital and Green Leaf [9] encourage cities to address environmental challenges and showcase their environmental performance.



Along these lines, the European strategy for a sustainable built environment [10] encompasses various approaches to address its various characteristics related to climate, energy, resources, circularity, materials, waste, accessibility and digitalisation, among others. As a result, the effort to address sustainability issues in the urban environment can be rather demanding, involving complex processes that may discourage decision makers, city officials and other stakeholders to engage. To support these efforts, several methods and tools have emerged that facilitate the audit phase to collect the necessary collection in order to calculate the parameters that support the decision-making process and monitor progress towards sustainability development goals [11]. However, there is no common language to facilitate the exchange of information among the different systems and their use in practice.



1.1. Sustainability


Sustainability is an all-inclusive term for a plethora of different issues that as a result makes it more difficult to address different initiatives and increases the complexity of efforts to address them. In this direction, public and commercial systems exploit similar methods that utilize different indicators to quantify various sustainability issues and criteria [12]. Among them are a manageable number of key performance indicators (KPI) that are selected and used to represent the common denominator for sustainability assessment. Each KPI is calculated following a common standardized procedure to facilitate cross-border comparisons.




1.2. Aim of This Work


The work evolved from available knowledge on the sustainability assessment of buildings and neighbourhoods [13] that was expanded to the city scale. This provides Mediterranean municipalities with a well-structured system that can be used to develop effective policies, strategies and action plans in line with the Mediterranean Strategy for Sustainable Development [14].



The current work capitalized on the CESBA MED method and tool [13] to provide a common language for exchanging information among different systems and tools for sustainability assessment. Specifically, the work enhanced the KPIs for building and neighbourhood scales and elaborated a new set of KPIs for the new city-scale assessment tool. The method and KPIs are supported with enhanced and multilingual educational and training material. The material was adapted to a national context developing three new national versions of the method and tools that were also validated during three city pilots around the south-east Mediterranean basin.



The emphasis in this paper is on the new KPIs for the city scale and the additions to the building scale beyond the ones in the existing system [12]. The KPIs of the city scale address issues like use of land and biodiversity, energy, water, waste, environmental quality, transportation and mobility, and climate change. The new KPIs on the building scale include among others the smart readiness indicator and embodied carbon. Finally, the paper concludes with an example from a short case study to demonstrate the applicability and elaboration of the KPIs.



The paper is structured as follows: Section 2 sets the stage providing some background information on the structure of the SMC Method and the existing method, touches on its operational characteristics with regard to the normalization and scoring process, and provides other supporting material and documentation. Section 3 elaborates the KPIs for the three assessment scales with an emphasis on the new contributions. The results from the case studies are briefly elaborated in Section 4, while Section 5 concludes by summarizing the main results.





2. The Sustainable Med Cities—SMC Method


The SMC Method capitalized on existing knowledge for measuring and rating the sustainability performance of Mediterranean buildings and neighbourhoods [12]. It advanced the work by introducing some new elements with the definition of additional KPIs and by expanding the application to city scale. The three assessment systems for the building, neighbourhood and city scales have a common structure that is built on:




	
Issues that describe general themes, important for sustainability assessment;



	
Categories that address specific aspects of issues;



	
Indicators that quantify or qualify the main assessment entries used to characterize a building, an urban area or city.








The SMC assessment system includes eight sustainability issues for the building scale and ten issues for the neighbourhood and city scales (Table 1). Similar issues may be encountered across different scales, although they are quantified with different indicators. For example, at building scale, the KPI for energy consumption is quantified by the energy use intensity for the different forms of energy, as the delivered electrical energy consumption per internal useful floor area per year (kWh/m2/yr). At city scale, energy consumption is quantified by the total final energy consumed by a city divided by the total population of the city per year (MWh/inhabitant/year). Beyond the KPIs, users can select and use additional indicators and other metrics for assessing the energy consumption of a building or a city.



The SMC method includes almost all the proposed LEVEL(s) indicators that can be used to measure the sustainability performance of buildings across their whole life cycle [15]. In addition, the method incorporates the set of indicators to measure the performance of city services and quality of life in ISO 37120 [16], addressing some key elements of the United Nations Sustainable Development Goals (SDGs) [17].



The issues are described and quantified with a large and inclusive list of about 80 indicators at building scale, about 130 indicators at neighbourhood scale and about 100 indicators at city scale. This approach allows sufficient flexibility to adapt the supporting tools to local conditions, by selecting and using the most suitable indicators, and further adapting them by using different weighting factors that reflect local targets, priorities and policies. Accordingly, the building scale includes 17 KPIs, out of which 12 were modified from the CESBA indicators [12] and 6 were new indicators. The neighbourhood scale includes 14 KPIs, out of which 12 were modified and 2 of them were new indicators. Finally, the city scale includes 10 KPIs, which are all new indicators. All the KPIs are elaborated in [18] outlining the necessary information and reference the common standardized calculation procedures.



The method provides a final score for the overall sustainability performance of the building, the urban area or the city, following a weighted assessment procedure, which is articulated in three stages. Starting from a set of indicators selected from the initial list on the basis of the local sustainability priorities and strategic policies, the first stage is to assess the sustainability performance value of each indicator either by a quantitative definition in most cases or a qualitative definition for a limited number of indicators. For example, some indicators like the “Share of renewable energy in final electric energy consumption of the building” are quantitatively assessed by energy metering or by calculations. On the other hand, the “Perceived safety of public areas for pedestrians” is qualitatively assessed as poor, adequate or very high, as determined in terms of a comparison with a certain number of reference pre-defined situations.



Since the different indicators cover a very wide range of sustainability aspects, it is not possible to directly sum up their values and derive a single sustainability score. Thus, in the second stage, the indicators’ values are non-dimensionalized and rescaled in a common scale from −1 to +5 [12]. Better performance corresponds to a higher normalized score. The normalized score of “−1” stands for not acceptable performance, for example, the building performance of an old inefficient building below the minimum code performance. The normalized score of “0” is assigned to a minimum acceptable performance or current practice, for example, the number of days within a year that PM10 concentration exceeds the daily limit that is set at 12 days. The highest normalized score of “+5” stands for excellent (ideal) performance, for example, the very low energy consumption of a nearly zero energy performance building. Assigning a score to each indicator is part of the method and is defined at a national and at a local level. This is one characteristic that differentiates the national and local versions of the methods and tools, since local conditions for each region are different (e.g., climate, building practice, standards, etc.).



The third stage is the aggregation of the normalized scores for all the indicators, through a sequence of weighted sums, to produce the total sustainability score [12]. The aggregation procedure is completed through a step sequence. First is the aggregation of the indicators, where the normalized scores of all indicators within the same category are aggregated to produce a single score for each category. Next is the aggregation through all the categories, where normalized scores of all the categories within the same issue are further aggregated to produce a single score for each issue. Finally, the normalized scores of all the issues are aggregated to produce the final score. The weighting factors are again predefined as part of the specific method at a local level, in order to reflect local targets, priorities and policies regarding environmental, social and economic issues.



Assessment Platform and Tools


The SMC assessment method is supported by three multicriteria tools, one for each assessment scale, with similar structure since they all follow the same methodology. An online platform implements the assessment system and supports a participatory approach for assessing and monitoring of sustainability. The online platform enables users to generate contextualized tools for any Mediterranean city to carry out assessments at all scales. Each tool includes the complete list of performance indicators covering all fields of sustainability for the corresponding scale, presented in detail, with background information and an overview of the required calculation steps. The user selects the indicators that best match a specific project intent and defines the calculated or measured value or the description for each selected indicator (Figure 3).



The input values are automatically converted into normalized scores and aggregated for total weighted scores for each category and issue and finally for the sustainability score of the project. The results are illustrated in a spider graph to outline the targets and identify the footprint of the different scores for the existing condition and potentially for the different scenarios that can be considered and assessed (Figure 4). Sustainability scores close to five denote high performance, while for weak performance the scores are close to zero. If an issue is not considered in the assessment, the score is set at zero, for example, social aspects, economy and governance in the spider graph illustrated in Figure 4. The same applies for the weights of the corresponding issues and indicators.



Finally, two output documents capture and summarize the results of the analysis. The SMC Passport presents the absolute values of the KPIs, facilitating the comparison of the sustainability performance between buildings, neighbourhoods or cities [18]. The documentation includes some general information, for example, short descriptions of the buildings (e.g., envelope, installations) and the quantified KPI values. To facilitate communication, a labelling scheme is also available. The SMC Certificate summarizes the scores achieved in each area of the assessment system, and provides the final sustainability score. The method is supported with enhanced educational and training materials that are available on an open access platform [19], in three different languages (i.e., English, French and Arabic). The online courses can be used by consultants and city personnel to advance their knowledge and expertise in order to initiate and support cities and public authorities towards integrated and sustainable urban development.





3. Key Performance Indicators


The KPIs represent a minimum number of mandatory indicators that have been selected during a participatory process and are necessary for addressing the main sustainability issues. They are defined and calculated according to the same normative calculations [18]. Accordingly, their numerical values may be used for comparing the results from different buildings and urban areas on a common basis using the SMC passport [18]. Details on the intent, description, boundary and scope, along with an overview of the assessment method and supporting references, are available in [18]. The KPIs for the different scales are outlined in the following sections, with an emphasis on the new SMC indicators. Detailed elaboration of each KPI, supported by the necessary details on the scope and boundaries, definitions, step by step calculations, and supporting numerical examples, are available in the supporting multilingual educational and training material [19].



3.1. Building Scale


Data collection on a building scale is relatively manageable through energy audits and inspections [20]. However, this may be time-consuming when considering a high number of public and municipal buildings and even more if this also includes thousands or even millions of residential buildings. In this direction, automated data collection processes that exploit geographic information systems (GIS) can be used to facilitate the process for collecting data about the building characteristics that are necessary to evaluate building energy performance [21].



The building scale includes 25 categories and a pool of 80 indicators, of which 17 are KPIs. Specifically, the KPIs include: B1.1 primary energy consumption (kWh/m2/yr), B1.2 delivered thermal energy consumption (kWh/m2/yr), B1.3 delivered electric energy consumption (kWh/m2/yr), B1.4 energy from renewable sources in total thermal energy consumption (%), B1.5 energy from renewable sources in total electric energy consumption (%), B1.6 embodied non-renewable primary energy (MJ/m2), B3.4(*) weight of recycled materials on total weight of materials (%), B4.3 potable water consumption for indoor uses (m3/occupant/yr), C1.1(*) embodied emissions (kgCO2-eq/m2), C1.2 GHG emissions during operation (kgCO2-eq/m2/yr), D1.2(*) total volatile organic compounds (TVOC) concentration (μg/m3), D1.7 mechanical ventilation (l/s/m2), D2.3 thermal comfort index (%), D3.1(*) mean daylight factor (%), E1.2(*) smart readiness indicator (%), G1.4 energy cost (€/m2/yr) and H1.2(*) mean solar reflectance index for heat island effect. The six new indicators that were introduced beyond the CESBA indicators [12] are identified with an (*) and are briefly elaborated next.



The use of recycled materials (B3.4) allows a reduction in the use and depletion of raw materials. The scope encompasses the building construction materials (e.g., foundations, bearing structure, envelope, slabs), excluding the technical installations. It is possible to take into account both the post-consumer and pre-consumer recycled content of a material. The pre-consumer content is included in the calculation only if it is not reused in the same industrial process. In the case of new construction, the indicator is calculated taking into account all the materials used for the building construction. In the case of a building renovation, the indicator is calculated taking into account only the materials used during the renovation. The relevant calculations start with the Bill of Materials (BoM) which is a mass-based inventory of the different building construction materials (kg). The BoM is organised according to the Bill of Quantities (BoQ) that specifies the elements of a building (e.g., foundations, columns). The BoQ comprises different categories of elements, which can have different functional performance characteristics. A BoM differs from a BoQ in that it describes the different materials (e.g., wood, steel, aluminium) that are contained in the various building elements. The recycled mass of all constituent materials is aggregated to obtain the total recycled mass of materials and then expressed as a percentage ratio of the total recycled mass of materials to the total mass of the materials.



Embodied emissions (C1.1) is the amount of GHG emissions that is generated by all the processes associated with the production of construction materials, from the acquisition of raw materials to manufacturing and assembling building construction materials at the factory gate (cradle-to-gate). The metric used for embodied emissions is the global warming potential (GWP) quantified in kilograms of CO2 equivalent (kgCO2-eq) and then normalized per unit floor area of the building (kgCO2-eq/m2). The equivalent (eq) mass of CO2 is used to express the equivalent impacts of all GHG gases, including the dominant contributor of CO2 emissions. The indicator is the emissions footprint of a building before it becomes operational. Most of the life cycle impacts (over 90%) refer to the cradle-to-gate and CO2 emissions. Transportation to the building site and on-site activities account for about 7% more, while some recurrent amounts will also be added during maintenance and replacement of some elements, as needed. The final demolition at the end of a building’s lifetime may account for about 1% of the life cycle impacts, depending on waste management. The exact percentages depend on the energy supply mix for electricity generation in different areas and countries that is used in manufacturing and the building construction practices. The scope encompasses the building construction materials (e.g., foundations, bearing structure, envelope, slabs), excluding the technical installations. For new buildings, the indicator accounts for all the materials and building products used for the building construction. In the case of a building renovation, the indicator must be calculated taking into account only the materials used during the renovation. The calculations start with the BoQ and the BoM, and then for each material multiply the specific mass with its corresponding carbon coefficient expressed in kilograms of CO2 equivalent (kgCO2-eq) per unit mass (kg) of the material [22]. It is preferable to use national coefficients, if available, or data from international databases [23]. The sum for all the materials is then normalized and expressed per total useful internal floor area.



TVOC (D1.2) is one of the most significant potential hazards to human health that can impact indoor air. In an airtight, modern building, the most significant direct emissions sources related to building construction materials and products and other building finish materials may originate from paints and varnishes, textile furnishings, floor coverings, associated adhesives and sealants, and finish materials that incorporate particle board. For buildings in the design phase, product testing can be used as a means of source control. For new or renovated buildings, the indicator should be evaluated in the post completion phase, prior to occupancy. The measurement can be performed for both mechanically and naturally ventilated buildings. The measurements of the TVOC concentration levels must be performed in all spaces with characteristic functions of the building (e.g., office spaces, meeting room, cafeteria), different orientations (e.g., on the side of a façade facing the street), and floors (e.g., first, middle and last floor). The indicator value is then calculated as a weighted average of the corresponding measurements, and the sum of products of the TVOC concentrations is then normalized by the total internal floor area of the selected characteristic spaces. For each pollutant measured, the quantitative increase in the indoor air value in relation to the external air value has to be checked. The measurements are performed over a period that is sufficient to establish the TVOC concentration level trend and should not be less than a week.



The daylight factor (D3.1) is a practical metric that expresses the amount of daylight available indoors (on a work plane) compared to the amount of unobstructed daylight available outside under overcast sky conditions. The parameter is calculated in all spaces with characteristic functions of the building (e.g., office spaces, meeting room, cafeteria), different orientations (e.g., on the side of a façade facing the street), and floors (e.g., first, middle and last floor). The indicator value for the building is then calculated as a weighted average of the corresponding measurements. For new buildings, the calculation method may use the illuminance levels on the reference plane using climatic data for the given building site with an hourly time step. For existing buildings, the daylight levels are measured using a luxmeter on the reference plane inside the space and outdoors under cloudy conditions. The indicator is then calculated as a ratio between the average indoor values and the average outdoor values, which are then weighted for the different space floor areas where the measurements were performed.



The smart readiness indicator—SRI (E1.2)—is a new common EU scheme for rating the smart readiness of buildings. The SRI [24] assesses how smart a building is in terms of: responding to the needs of the occupant (e.g., health, comfort, well-being, etc.); using energy efficient control strategies; and interacting with energy grids (energy flexibility/demand response and system integration). The scope refers to technical building services (domains) including: heating, cooling, ventilation, domestic hot water, lighting, dynamic building envelope, electricity, electric vehicle charging, and monitoring and control. The underlying calculation method for the SRI has been developed for the European Commission following one of the two assessment methods that focus on qualitative approaches to various building services based on an expert assessment. The simplified method which is suitable for existing buildings with low complexity is based on a simplified service catalogue that includes only 27 pre-defined services for existing residential buildings or small non-residential buildings. Using the available checklist it is possible to complete the assessment in less than an hour. A detailed service catalogue that includes 54 pre-defined services for new buildings and non-residential buildings that have a higher complexity can be used to quantify the SRI. This assessment will require an on-site inspection and walk-through audit, will need an expert and engage a building’s facility manager, and can be completed in about a day depending on the size and complexity of the audited building and its services. The SRI is expressed as a percentage that represents the ratio between the smart readiness of the building or building unit compared to the maximum smart readiness that it could reach.



The solar reflectance index (H1.2) is a parameter that can be used to modulate the heat-island effect in order to reduce the discomfort at ground level during summer and energy use for cooling of buildings. The value of the solar reflectance index varies from 0 (i.e., for a material that will absorb all incident solar radiation like a black body) to 100 (i.e., for a material that reflects all the incident solar radiation). Considering the building lot, the minimum scope of the indicator includes all horizontal surfaces (roofs included) of the building envelope and the building lot. Each surface is classified in relation to the type of the cover material and its area is multiplied with the corresponding solar reflectance index of the material. The sum of the weighted surfaces is then used to calculate the weighted value of the index for the building as the ratio of the sum of products to the total area of all horizontal surfaces and roofs.




3.2. Neighbourhood Scale


The neighbourhood scale includes 43 categories and a pool of 133 indicators of which 14 are KPIs, including: B2.1 total final thermal energy consumption for building operations (kWh/m2/yr), B2.4 total final electrical energy consumption for building operations (kWh/m2/yr), B2.7 total primary energy consumption for building operations (kWh/m2/yr), B3.1 share of renewable energy on-site, relative to total final thermal energy consumption for building operations (%), B3.4 share of renewable energy on-site, relative to final electric energy consumption (%), B3.7(*) share of renewable energy on-site, relative to total primary energy consumption for building operations (%), C2.3 consumption of potable water in residential buildings (l/occupant/yr), D2.2(*) access to solid waste and recycling collection points (%), E1.2 particulate matter (PM10) concentration (days/yr), F1.1 performance of the public transport system (%), F2.3 bicycle network (m/inhabitant), G3.1 availability and proximity of key services (%), I1.1 GHG emissions (tCO2-eq/inhabitant), and I3.3 weighted permeability of land (%). Two new indicators were introduced beyond the CESBA indicators [12] and are identified with an (*).



The share of renewable energy on-site, relative to total primary energy consumption for building operations (B3.7) also reflects the degree to which renewable fuels have substituted fossil and/or nuclear fuels and therefore contributed to the decarbonisation of the Mediterranean area economy. This indicator can also quantify and communicate the progress towards the European 2030 target for renewable energies and beyond. The assessment boundary includes all the buildings in the neighbourhood. The calculation of the final energy consumption considers the following energy uses: heating, cooling, mechanical ventilation, domestic hot water, lighting and auxiliaries. Renewable non-fossil sources include wind, solar, aerothermal, geothermal, hydrothermal and ocean energy, hydropower, biomass, landfill gas, sewage treatment-plant gas and biogases. Heat pumps enabling the use of aerothermal, geothermal or hydrothermal heat are only considered if they are high efficiency heat pumps. For the evaluation of the actual performance of the urban area it is preferable to use metered data. If metered data are not available, estimated data shall be used. Estimated data shall be used for evaluating alternative scenarios in planning and decision-making processes. The source of data must always be clearly declared. The calculations are performed for each building and for all energy carriers. The total primary energy consumption is calculated as the sum of each energy carrier multiplied by the appropriate primary energy factor. For electricity, it is preferable to use updated national conversion factors since they can be significantly different among EU-27 Member States and also fluctuate from year to year [25].



Access to solid waste and recycling collection points (D2.2) is necessary in order to facilitate and encourage residents to participate. The indicator expresses the percentage of inhabitants with access to these collection points within 400 m walking distance. The municipal waste includes waste originating from households, commerce and trade, private and public services, institutions including schools and hospitals, and often from small craft or small industrial enterprises. It excludes waste from municipal sewage networks and treatment or municipal construction and demolition waste. The assessment boundary includes all buildings in the neighbourhood and includes solid waste like paper, plastic, metal, glass, wet waste (organic waste) and textiles. The value of the indicator is expressed as a percentage ratio of inhabitants living within 400 m access to the solid waste and recycling collection points to the neighbourhood’s total population.




3.3. City Scale


The data collection process at city scale is even more demanding and time-consuming. Once again, GIS can be used to expedite specific data collection in order to quantify relevant indicators like green-covered areas and ground permeability [21].



The city scale includes 39 categories and a total of 99 indicators of which 10 are KPIs that were new additions to the SMC method. The availability of green urban areas (A2.1) is quantified by the total amount of green urban areas in the city’s boundaries divided by the total area of the city (%). Green areas facilitate climate change adaptation and mitigation, improve health and quality of life, and favour biodiversity conservation. A green urban area is defined as urban land covered by vegetation of any kind, for instance natural zones, parks, and public and private gardens, including green roofs. Areas that are without green or natural surface cover are assumed to be sealed (i.e., paved or impervious). Relevant information can be obtained from municipal recreation and parks departments, planning departments, forestry departments and a census. In addition, green areas can be defined from land use and land cover maps, which may further be facilitated by automated processes of GIS resources [21].



The final energy consumption (B2.1) is quantified for the whole city (MWh/inhabitant/yr), including all energy carriers for all sectors (e.g., residential, commercial, industrial, transportation, other). The annual total energy consumption is normalized by dividing by the total population of the city (inhabitants). The share of renewables (%) for final energy (B3.1) is intended to monitor the efforts to maximize the use of renewables. This also reflects the degree to which renewables have substituted fossil and/or nuclear fuels and therefore have contributed to the decarbonisation of the Mediterranean area economy, along with progress towards the 2030 EU target for renewables. The calculations account for all forms of renewables (e.g., solar, wind, geothermal) used for thermal and electrical energy from all sectors (e.g., residential, commercial, industrial, transportation and other).



Water is a valuable natural resource and the total daily water consumption (C2.1) normalized by the total city population (l/day/person) is a direct measure for evaluating water resources in the city and encourage efficient use of water. In some cities of the south Mediterranean basin or some islands, the potable water supply is not constant and households rely on a few hours to tap the available water during the day. Water consumption is much higher in cities of higher income countries. In order to be sustainable, water consumption must be in harmony with the available water resources. This can be encouraged through improvements in water supply and distribution systems, along with changes in water consumption patterns. The scope of the indicator includes the use of potable water for: drinking, sanitation, domestic hot water, washing, gardening, commercial, industrial and agricultural purposes. The relevant data can be obtained from the main water-supply companies. If metered data are not readily available, estimated data can be used, but in all cases the source of the data must be clearly declared.



Solid waste recycling (D2.2) is essential for promoting and developing sustainable waste management. The indicator is expressed as the total amount of solid waste that is recycled divided by the total amount of solid waste produced in the city (%). Municipal solid waste is generated by households, commercial and business establishments, institutions (e.g., schools, hospitals), public spaces (e.g., parks, streets) and construction sites. Generally, it is non-hazardous waste composed of food waste, garden waste, paper and cardboard, wood, textiles, nappies (disposable diapers), rubber and leather, plastics, metal, glass, construction and demolition waste, etc. The priority is to minimize this waste, recycle as much as possible and properly treat the small remaining amounts. The recycled materials refer to the ones that are diverted from the waste stream, recovered and processed into new products following local government permits and regulations. The relevant data can be obtained from the municipal waste collection companies, or estimated in the design phase.



Particulate matter (PM10) concentration (μg/m3) is a commonly used indicator to assess the long-term ambient air quality in the city (E1.2) with respect to the annual average of fine particulate matter (<10 μm). Particulate matter (PM) consists of a complex mixture of solid and liquid particles of organic and inorganic substances suspended in the air, sulfate, nitrates, ammonia, sodium chloride, black carbon, mineral dust and water. PM affects more people than any other pollutant. Coarse particles are greater than 2.5 μm and less than or equal to 10 μm in diameter and are defined as “respirable particulate matter” or PM10. Sources of coarse particles include crushing or grinding operations, and dust from paved or unpaved roads. For measurements, the location of each monitoring station should be carefully selected in order to reflect the local representativeness of the measured values (e.g., airport, city centre, industrial park). Ideally, multiple station locations should be used to determine a spatial average for the city.



The public transport network (F1.1) is quantified by the length of the public transport system per 1000 population (km/1000 inhabitants). The indicator can be used to assess the use of public and municipal transportation, including metro, bus, minibus and tram. The extent of a city’s transportation network can also provide an insight on possible traffic congestion and driving conditions, the transportation system flexibility and the urban form. Cities with larger amounts of public transport might tend to be more geographically compact and supportive of non-motorized modes of transportation. Information on the length of public transport can be gathered from municipal transport offices and local/regional transit authorities or can be calculated from computerized mapping, aerial photography or existing paper maps, all of which should be field-verified. For the calculations, only one-way routes of public transport lines are considered. Transport systems that cover the same route should be counted separately. For example, if a bus and a surface tram cover the same 1 km route, this should count for 2 km.



The bicycle network (F2.4) expressed as the total length of bicycle paths and lanes divided by the city’s total population (m/inhabitant) is an evolving indicator to quantify efforts for promoting cycling as an alternative to vehicle use. The prerequisite is to provide safe and efficient mobility networks. The calculation of bicycle paths can be performed by in situ measurements or by using web map platforms and GIS. The bicycle paths should be physically separated from traffic roads and should not be part of a shared space.



Greenhouse gas emissions (I1.1) quantify the total amount of GHG generated over a calendar year from all sectors, divided by the current city population (tCO2-eq/ inhabitant). The assessment boundary includes the entire city, for energy use and activities from all sectors (e.g., residential, commercial, industrial, transportation, other).



Finally, the percentage of weighted ground permeability (%) expresses the land permeability in order to reduce its impact on the hydrological cycle (I3.1). Permeability of land is the capacity to transmit water to the soil. It is a very important issue connected to the water recharging of aquifers and the reduction in effluents, but also relates to the efforts to possibly reduce the impacts of the heat-island effect and improve outdoor ambient conditions. The calculations of the covered areas by buildings footprints, different hard surface materials, paved roads, sidewalks, green cover and exposed soil can be performed by in situ measurements or by using web map platforms and GIS [21]. The areas covered by the different materials are then multiplied by the reference permeability coefficients (e.g., grass = 1, sand = 0.9, asphalt = 0) to calculate the weighted surface of the city, which is finally divided by the total surface area of the city.





4. Case Studies


The assessment method as well as the tools were validated through a series of pilot applications in public buildings (residences, schools, offices, etc.) and neighbourhoods in three south-east Mediterranean cities. This campaign followed along the footsteps of the previous national case studies for buildings and neighbourhoods performed in south European cities [12].



The pilots were performed in Irbid (Jordan), Moukhtara (Lebanon) and Sousse (Tunisia). As was elaborated in the previous section, the first intent of this effort was to enhance the pool of indicators and the selection of the KPIs during the national co-creation efforts with different stakeholders in the three cities. The contextualization of the national tools was performed by selecting the appropriate number of indicators to reflect their local and national needs, adapting the benchmarks in order to normalize the indicator values and incorporate representative national weights that reflect the local priorities for the different sustainability issues.



The work followed the same protocol in all three pilots, both assessing the existing condition and evaluating different renovation scenarios. The main objective was to verify that the overall method could be successfully implemented in the three countries and that the selected KPIs and indicators can be realistically used in practice. The national case studies provided practical feedback on the availability of the necessary input data for the consistent calculation of the KPIs and the other selected indicators. The selection of the various issues and indicators during the national case studies also revealed some interesting insights on the sustainability priorities given by the participating municipalities. Apparently, the aim of these pilots was to also raise the capacity of the involved municipalities in using the tools through a simulated application and increase their awareness of sustainability issues.



The three pilots revealed some interesting characteristics and other relevant insights reflecting the elaborate work performed during these studies. For example, at neighbourhood scale, the number of indicators selected for the national versions of the method through the participatory approach averaged 47 indicators at neighbourhood scale, ranging from 73 in Irbid (Jordan), to 34 in Moukhtara (Lebanon), and 33 in Sousse (Tunisia), including the 14 KPIs in each case. This is in agreement with the national averages of 39 indicators at neighbourhood scale from previously developed European national versions of the tools [12].



Accordingly, the three nationally contextualized versions of the tools include 25–55% of the total indicators available in the generic framework of the sustainable neighbourhoods tool. The number of indicators per sustainability issue for each one of the national versions is shown in Figure 5. As illustrated, Issue G which refers to social aspects (Table 1) has been allocated the largest number of indicators in the generic framework of the neighbourhood tool. However, the national tool of Moukhtara (Lebanon) has the least active indicators. For Irbid (Jordan), Issue I, which refers to climate change: mitigation and adaptation, has the lowest number of active indicators, while for Sousse (Tunisia) the least number of indicators is included in Issue E on environmental quality. Emphasis is given on solid waste (Issue D) in both Irbid and Moukhtara, while the issue of water appears to have more importance in the case of Sousse.



It is interesting to also note that, beyond the KPIs, only five indicators are common in the three national tools. These include indicators from only three issues: A2.1 (proportion of all vegetated areas within the neighbourhood boundaries in relation to the total area), A2.2 (total area of green in the city divided by the neighbourhood’s total population), B1.1 (percentage of households with authorized access to electricity), B2.10 (total electricity consumption of public street lighting divided by the total distance of streets where street lights are present), and C2.1 (total amount of the area’s water consumption divided by the total area population). Detailed information on the three national case studies is available in [26]. They include a detailed description of the buildings and urban areas considered in the three national studies, their specific characteristics, a sustainability assessment of their existing condition and the results from different renovation scenarios. A detailed comparative assessment of the main characteristics of the contextualized national methods and tools, along with the main results of the three case studies, is summarized in [27].



Hellenic City Pilot


The city-scale tool was also used for a field study in a municipality of the Athens greater metropolitan area. The city has a population of about 40,000 inhabitants, with a very high population density of about 10,500 inhabitants/km2, following intensive residential growth over the last couple of decades. The built environment includes about 14,000 dwellings and about 4000 buildings, of which about one third are not thermally insulated since they were constructed before the first Hellenic thermal insulation regulation.



The final energy consumption is estimated at 10.2 MWh/inhabitant, using fossil fuels for space heating. The use of natural gas was initiated only in 2009 with the first development of a central distribution network and is still expanding through smaller neighbourhoods; thus, the use of heating oil remains the most popular fuel for space heating. The related GHG emissions are estimated at 4.8 tCO2-eq/inhabitant. The share of renewables on the total final thermal energy is estimated at about 15% from the available energy performance certificates that have been issued in the municipality, mainly from the use of solar thermal collectors for domestic hot water. The total water consumption is estimated at 175.6 L/day/inhabitant. The municipality makes a significant effort to maximize solid waste recycling that reaches about 36% of the total amount of solid waste production. The public transport network is not very well developed reaching 2.1 km/1000 inhabitants. However, it is important that the metro and suburban surface rail has two stations in the outskirts of the city, which is very important for daily commutes of the residents to downtown Athens. There is a small bicycle network reaching 0.134 m/inhabitant which needs to be expanded. The land permeability is estimated around 35%. The particulate matter concentration is taken as an average between two monitoring stations in neighbouring municipalities reaching 21.7 μg/m3.



An overview of the various issues, along with the corresponding weights and scores, is summarized in Figure 6. The results are presented in relation to the KPIs alone. Accordingly, all other categories are identified with zero weights. For the remaining ones, the default is to equally distribute and allocate the weights. However, as was previously elaborated, these weights may be adjusted and tailored to match the priorities of a local authority or that of a specific project, if necessary.



The final results and sustainability score are presented in Figure 4. The assessment of the existing condition resulted in a sustainability score of 1.4, which may be considered good. For existing urban projects, a realistic sustainability target to aim at is usually around 2.0 to 2.5.





5. Conclusions


This paper reviewed the progress made with the evolution of an open common transnational assessment system for measuring the level of sustainability at the different spatial scales, from buildings to cities, implementing the “think globally, act locally” concept. The method and supporting tools have been enhanced and successfully tested at three pilots in south-east Mediterranean municipalities. The method and the assessment system are addressed to local authorities and municipalities for supporting them in the overall decision-making process towards sustainability. They can be utilized to strengthen the capacity of stakeholders to provide services for assessing, planning and monitoring sustainability projects.



The overall approach facilitates the process of handling the complexities of addressing the multifaceted sustainability issues. It also provides sufficient flexibility to adapt the generic method to match specific national and local priorities and characteristics. In addition, users can evaluate, compare and aggregate the results of sustainability measures in different buildings and cities (act locally) and, at the same time, they can evaluate the progress towards global sustainability targets (think globally).



The use of common indicators can be used to fix measurable targets in effective policies and action plans in relation to the Mediterranean strategy for sustainable development and facilitate the exchange of best practices through the use of key performance indicators. The overall method and tools are also supported by educational and training material that is specifically developed and targeted for professionals, technical personnel and decision makers of the municipalities. This way it is possible to initiate and sustain local efforts towards sustainability, overcome challenges and achieve progress that benefits citizens and local communities.



At this stage, the method does not include specific cost-related information for assessing different design options or renovation scenarios. This is an important element in the decision-making process in order to facilitate the cost-benefit analysis and facilitate the complete appraisal of different projects or specific actions. The tools will also need to be adapted and contextualized in areas outside the participating countries. However, on a positive note, there are already several national versions available in southern Europe and south-east Mediterranean countries.



Future work will continue the efforts on contextualizing the method to other regions and possibly countries. The ambition is to also facilitate and support national standardization efforts for sustainability assessment of buildings, cities and regions. Relevant activities may also be inspired from the overall concept in order to develop similar methods and tools for measuring and assessing resilience and the impacts of climate crisis or other natural events and disasters on urban environments. In this regard, there will also be a need to give special attention to the structural assessment of buildings and other infrastructures, since their failure is critical for sustainable communities [28]. For example, we may need to first assess the ability to maintain a certain level of functionality following different natural or other events, and to also consider the necessary time and the need of resources that will be required to repair or restore minimum functionalities. These issues may be of particular importance when dealing with the sustainability of multifunctional structures like tall buildings [29] and other infrastructures like bridges [28].
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Figure 1. Breakdown of final energy use in EU-27 Member States since 1990. The symbols identify the 2020 and 2030 targets, along with their corresponding linear trajectory. Data source: [1]. 
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Figure 2. Greenhouse gas emissions in EU-27 Member States since 1990. The symbols identify the 2020 and 2030 targets, along with their corresponding linear trajectory. Data source: [1]. 
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Figure 3. Representative captions from the assessment tool for the description of two indicators: (a) B.1.1 Primary energy demand; (b) C1.1 Embodied carbon. 
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Figure 4. Representative results on the tool interface from a pilot study. The results are summarized on a spider chart that illustrates the target scores for each sustainability issue (black symbols and outline). The scores for the existing condition are illustrated with the cyan symbols and outline. The doughnut chart summarizes the weights of the different issues. The total sustainability score for the project is identified at the top. 
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Figure 5. Ratio of active indicators per issue in the three national neighbourhood tools with regard to the generic framework. The letters correspond to the sustainability issues that are defined in Table 1. 
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Figure 6. Representative results from a pilot study in Greece. The summary of the scores for the 10 issues at city scale appears at the top, followed by the corresponding active categories associated with the KPIs. 
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Table 1. Sustainability issues for the building and neighbourhood–city scales.
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	Building Scale
	Neighbourhood–City Scales





	A—Site Regeneration and Development, Urban Design and Infrastructure
	A—Use of land and biodiversity



	B—Energy and Resources Consumption
	B—Energy



	C—Environmental Loadings
	C—Water



	D—Indoor Environmental Quality
	D—Solid Waste



	E—Service Quality
	E—Environmental Quality



	F—Social, Cultural and Perceptual Aspects
	F—Transportation and Mobility



	G—Costs and Economic Aspects
	G—Social Aspects



	H—Adaptation to Climate Change
	H—Economy



	
	I—Climate Change: Mitigation and Adaptation



	
	L—Governance
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