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Abstract 

This paper aims to establish how sustainability indicators can be designed to be flexible enough to address the vast extent of urban sustainability processes, with a particular focus on energy. Equally, we examine how these indicators must be designed to reflect the broad range of data sources that are reflective of the three central tenets of sustainability, namely; environmental; economic; and social elements. This paper aims to contribute to these activities at a city level through a development of a framework for sustainability indicators as a tool for performance assessment and improvements. The indicators have been developed specifically for the urban environment and comprise economic, environmental, social integrated indicators, which can be used both internally, for identification of ‘hot spots’ and externally, for sustainability reporting and stakeholder engagement. In this short paper, we introduce some of the emerging findings from the INDICATE project (Agreement no. 608775) which is developing a Smart City sustainability platform. 
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Highlights

· As the impacts of climate change have multi-scale characteristics, sustainability assessment needs to be considered across these scales
· Detailed data is necessary to assess local urban environmental change to provide insights into the national and global scales
· This paper proposes a set of 32 key sustainable urban indicators for monitoring the sustainability of urban developments in relation to consumption of energy therein
· This paper describes theoretical foundations for the selection of the SUIs with reference to the literature

[bookmark: _Toc450945615]Introduction

Developing urban sustainability performance indicators will be critical for cities aiming to reach the targets set at the Paris COP-21 conference. It has been argued that traditional measures of urban quality of life and economic performance are inadequate as they fail to ensure a composite analysis of the interdependent systems underpinning urban society. The crossover and interdependence between city systems at a regional and European level is not currently reflected in urban decision-making. This issue is especially pronounced when it comes to the assessment, measurement and remediation of an urban areas’ unsustainable practices in relation to the consumption of energy.

The basis of this paper is that, for successful assessment of urban sustainability, the required first step is to put forward a set of multi-dimensional indicators. Past attempts to answer the rudimentary question of whether a city is successfully becoming more sustainable cannot be adequately determined due in part to divergence on which indicators should be employed. Drawing from this the question arises: how should these indicators be selected and then how should they be aggregated? The use of a multi-criterion framework to make the ‘measurement of sustainability’ operational is discussed here by means of an assessment of key stakeholder perspectives.

The concept of sustainable development is based on the observation that a cities’ economy, environment and wellbeing can no longer be separated. Newman and Jennings (2008) define sustainable urban ecosystems as ‘systems which are ethical, effective, self-regulating, resilient, self-renewing, and flexible’. Developing from early natural ecosystems our modern urban systems have become more complex with many interrelated structural layers.  The sustainability of these urban systems is dependent on maintaining the system’s equilibrium through sustainable development principles. We adopt the definition of sustainable development put forward by the World Commission on Environment and Development (WCED); "development that meets the needs of the present without compromising the ability of future generations to meet their own needs," (Brundtland and Mansour, 1987). In terms of operationalising sustainable development, this paper aims to enhance the urban environment by minimising energy consumption through green building monitoring technologies and reducing greenhouse gas emissions by providing clear analysis of the urban environment. The manner in which this goal will be achieved is linked to the development of a bespoke decision support tool for city managers and citizens with sufficient functionality to equip those stakeholders with the knowledge needed to alter the patterns of energy consumption in the urban environment. The indicators discussed herein are a vital component in that process. Amassed from pre-existing indices and refined through the use of stakeholder consultation, the indicators presented herein adhere broadly with the three pillars of sustainability.

The Bellagio Principles express the need for ‘indicators’ and ‘standardised measurements’: When considering indicators for sustainable development, the issue can appear complicated by the lack of any firm foundation on which to base their development. Stoeckl et al. (2004) suggest that we cannot measure sustainability; therefore, indicators can only provide an indication of change and will only ever be partial. It is important to note that there will always be a gap between what we are interested in and what is measured, and what we want to measure and what we can measure. This is the essence of the paradox whereby we often value what we can measure, rather than measuring what we value. 

Haughton and Hunter (1994) argue that the concepts of building for the future, resource equity and environmental impact must underpin the process of sustainable development, such that the principles of inter-generational equity and trans-frontier responsibility are at the forefront of sustainable development policy. These concepts continue to be widely debated and most recently world leaders discussed how to address sustainability issues at the 2015 United Nations Climate Change Conference in Paris. With the signing of the COP-21 conference agreement world leaders have pledged to; 
· Keep global temperatures "well below" 2.0oC above pre-industrial times and "endeavour to limit" them even more, to 1.5oC
· Limit the amount of greenhouse gases emitted by human activity to the same levels that trees, soil and oceans can absorb naturally, beginning at some point between 2050 and 2100
· Review each country's contribution to cutting emissions every five years so they scale up to the challenge
· For rich countries to help poorer nations by providing "climate finance" to adapt to climate change and switch to renewable energy.

For our purposes the fundamental outcome of this agreement is the need for sustainability analysis tools for the built environment, particularly relating to the management and quantification of energy use. Indicators may be used to retrospectively monitor the long-term sustainability trends of a built urban system. The aggregated information these indicators can provide will help in the development of short-term projections. Through this paper we put forward 32 sustainable urban indicators (SUIs) with the objective of developing a quantitative assessment index to provide a coherent multidimensional view of the urban environment.

The impetus for the creation of the SUIs is increasingly being reflected in the drive to create low carbon energy districts in the European urban environment. The planned creation of such districts is being driven both by European Union policy and National governments. This will be further enhanced by the approach of the binding deadline for the Energy Efficiency Directive (Directive. 2012/27/EU of The European Parliament and of The Council) and the resultant cost arising from the purchase of Emission Trading Scheme credits in order to rectify exceedance of GHG targets. The “Spring Economic Statement” published by the Irish Department of Finance (2016) frames the thinking which is beginning to emerge in governance circles: 

“There are fiscal risks associated with a legally binding EU Effort Sharing Decision on climate change covering the 2013-2020 period. Ireland is obliged to achieve a 20 per cent Greenhouse Gas emissions reduction (compared to 2005 levels) in certain sectors. Current EPA projections estimate that Ireland will not achieve this reduction and failure to comply may incur costs of hundreds of millions of Euro through the purchase of carbon credits until such time as the target is complied with. Similarly, further new costs may arise in the context of a new EU climate and energy framework for the period 2020-2030, which will set new emissions reduction targets”. 

The pressures identified above therefore cast a new light on the need and utility of SUIs which have the capacity to inform the development of low carbon energy solutions for the retrofit of existing urban environments and creation of new ones.  

The methodology for the development of the SUIs consists of three stages. The first involves the compilation of an expansive list of sustainable urban indicators, which relate to energy in the urban environment. This list was drawn together from an expansive review of pre-existing indices and industry standards. The second phase consists of a focused consultation exercise involving leading planning experts, representatives of the end user community (in this case, members of the urban environment professions, energy agencies and national energy research organisations). The third stage consists of the operationalisation of the SUIs in an online visualisation and decision support tool. 

The SUIs outlined in table 2 successfully facilitate the integration of the energy characteristics of buildings, in terms of consumption and generation, with other components of a city’s infrastructure and governance. This set of SUIs may be used to aid decision support within the urban environment. In order for urban decision making to be transferable across a number of urban contexts, the selection of these SUIs will be normalised in order to recognise differences in climate, culture, lifestyles, governance and building typology in the settings in which they will be employed. The core aim of these SUIs is to enable end users to identify potential energy efficiency measures, which can be implemented within urban areas, yielding quantifiable reductions in GHGs and energy costs, and indicating the manner in which urban energy efficiency can be enhanced through modelled interventions. The data underpinning these decisions can be added by users or approximated through the use of simulated benchmark values.

Prior to the commencement of the indicator drafting process, a literature review was carried out with the aim of establishing a clear understanding of best practice in indicator development, structuring and challenges therein. In addition, once the SUIs had been determined the literature was again reviewed to ensure alignment with best practice approaches. The collation of existing indices, projects and energy management standards applied by key stakeholders active in the urban environment was of vital importance to the delivery of this research. Given the prevalence of such standards it was concluded that the formation of completely new indicators would be counterproductive. Instead, an analysis of existing energy indicators was undertaken after all energy-focused indicators from existing indices had been compiled into a single, comprehensive inventory. An iterative consultation approach was employed in order to select the indicators from the expanded list referred to above. By utilising end user expertise and priorities, and while being cognisant of the need to imbue the key SUI list with the requisite flexibility to be applicable in multiple contexts, a shortlist of preferred indicators was developed. As the shortlisting process progressed, considerations relating to data availability and consultation with the key stakeholders were examined. The technical feasibility of operationalising the individual SUIs was also considered and the outputs of this exercise facilitated the advancement of certain indicators and the omission of others.  

[bookmark: _Toc450945616]Conceptual Indicator Framework

“Indicators quantify change, identify processes and provide a framework for setting targets and monitoring performance” (Crabtree and Bayfield, 1998). It is important to note that indicators are not intended to accomplish a required change, but rather they act as catalysts where change is necessary, providing an ‘early warning system’, highlighting areas of concern and thereby enabling decision-makers to initiate the necessary remedial measures. Indicators of sustainable development should provide a continual assessment of the overall sustainability of a system and the indicators themselves will require constant review and updating over time, as changes occur; implementing indicators is a dynamic process. In providing a means for monitoring progress towards sustainability, indicators are also an important communication tool: “Communication is the main function of indicators: they should enable or promote information exchange regarding the issue they address,” (Smeets and Weterings, 1999). There are often complex issues and intricate processes underlying indicator work and while it is important to maintain a sufficient level of detail and transparency in the process, so that data can be tracked and decisions justified, there remains a need to achieve a certain level of simplicity in the end result. Indicators must be meaningful and useable by all and not limited to the ‘experts’. Thus a balance between quantity and depth of analytical indicators is needed. Public consultation and stakeholder participation throughout the indicator development process can play a significant role. An indicator should measure what those concerned are interested in and must provide meaningful information, enabling action to be taken. 

There are many examples of ‘checklists’ for indicators available in the literature (Whate et al., 2006) and these can provide a useful tool for reviewing indicators as they are developed, highlighting any tensions which may mean the indicator ultimately needs to be abandoned. A sound theoretical framework is the starting point in constructing composite indicators. The framework should clearly define the phenomenon to be measured and its sub-components; the indicators must account for all major systems and activities relevant to developing energy-efficient cities. The indicators will aid in the creation of a ‘Smart Sustainable Urban Environment’, integrated with urban planning tools including architectural master planning and detailed energy optimisation and environmental analysis. Transparency is essential in constructing credible indicators. 

A conceptual framework allows for the coherent and consistent selection of indicators. This is particularly important given that any indicator selection process is value laden, for example stakeholder opinion may differ over the weight given to different criteria for a good indicator; assuming a trade-off between cost and complexity; the objectives chosen; the baseline and benchmark data, etc. Thus, having an explicit framework allows a more transparent, responsive and robust process for indicator selection. Waldron and Williams describe five broad categories of frameworks (Waldron and Williams, 2002): 

1. Domain-based: Addressing a variety of performance issues to include social, economic and environmental but not necessarily linking with specific management goals
2. Goal-based: To identify indicators that respond directly to sustainability goals but do not address interrelationships
3. Sectoral: These respond to the function of a specific management group, and thus are useful in assessing management response to specific issues
4. Issue-based: Often provide a short-term response to address the ‘issue of the day’; longer term sustainability implications may be overlooked
5. Causal frameworks: These assess the existing conditions, stresses and responses but within-domain interactions are overlooked

Within these frameworks indicator selection can vary greatly. Kelly and Baker (2002) put forward the following criteria: Indicators should be adapted to suit local needs, consist of both objective and subjective data and make links between different issues. In addition, indicators should be based on: Validity (acceptable, believable; related to a higher order theme, related to theory): Reliability (can be used over time, and across space but only within the region): Data Availability and Accessibility; (qualitative and quantitative): Methodology (timely, uses existing data, considers scale; considers capacity to collect and use data) and relevance (to objectives; beneficial to investors/taxpayers; links to other indicators). 

The strengths and weaknesses of composite indicators largely derive from the quality of the underlying variables. Ideally, variables should be selected on the basis of their relevance, analytical soundness, timeliness, accessibility, etc. While the choice of indicators must be guided by the theoretical framework for the composite, the data selection process can be quite subjective as there may be no single definitive set of indicators. A lack of relevant data may also limit the development of sound composite indicators. Given a scarcity of internationally comparable quantitative hard data, composite indicators may include qualitative soft data from surveys or policy reviews (Nardo et al., 2005).

Proxy measures can be used when the desired data are unavailable or when cross-city comparability is limited. As in the case of soft data, caution must be taken in the utilisation of proxy indicators. To the extent that data permits, the accuracy of proxy measures should be checked through correlation and sensitivity analysis. In designing a framework, close attention should be paid to whether the indicator in question is dependent on size-related factors. To have an objective comparison across small and large cities, scaling of variables by an appropriate size measure, e.g. population or populated land area, is required. 

The quality and accuracy of composite indicators should evolve in parallel with improvements in data collection and indicator development. The current trend towards constructing composite indicators of city performance in a range of policy areas may provide further impetus to improving data collection, identifying new data sources and enhancing the comparability of statistics. Poor data will produce poor results. From a pragmatic point of view, however, compromises need to be made when constructing a composite: What is essential is the transparency of any compromises.

Table 1. The criteria used for indicator selection (developed from the ‘good indicator list’ put forward by Whate et al. 2006)
	SUI Selection Consideration

	1. Alignment with Existing Standards & Indices: Indicators need to reflect local policy objectives, but also needs to be consistent with other international indicator programs to allow comparisons across countries


	2. Stakeholder Input: Refers to the solicited preferences of members of the end user community, in terms of indicators best suited to reflect the stated objectives


	3. Technical Feasibility: Refers to the feasibility of technically representing a SUI in the decision support tool.


	4. Data Availability: Refers to the availability of data to effectively support the operation of the SUI in the decision support tool.


	5. Clear consistent focus: linkages with the core objectives of carbon reduction, energy cost reduction, and increased energy efficiency


	6. Be sensitive and specific to the underlying phenomenon: The indicator should respond relatively quickly and noticeably to changes


	7. Be statistically sound: Indicator measurement needs to be methodologically sound and fit for the purpose to which it is being applied,


	8. Be intelligible: It should be sufficiently simple to be interpreted in practice,


	9. Be consistent over time: The usefulness of each indicator is related directly to the ability to track trends over time




[bookmark: _Toc450945617]Indicator Selection

In line with the rationale advanced in Keirstead (2007), before the drafting process commenced, the goal and scope of the indicators were explored in order to provide a foundation upon which the indicators could be based. The goal of the indicators is to reflect changes arising from interventions in the simulated built environment in a manner which is accessible to the citizen, decision maker as well as professional practitioner. It was envisioned that a number of the SUIs would be applicable across the spectrum of spatial scales outlined above, depending on the availability of accurate data and technical feasibility. Due to the expected interrelationship between those domains, the framework for the indicator suite would be advanced as a comprehensive and responsive feature to reflect the impact of modelled energy interventions on urban structures. Consideration was given to the need to incorporate an acknowledgement of temporal as well as seasonal influences on the use of energy. As a result, a seasonal and temporal attribute was built in to the indicator drafting process in order to accurately demonstrate the energy dynamics of the chosen intervention at a specified spatial scale where the data permits. The goal of the devised SUIs was to facilitate the creation of a solid evidence base upon which decisions relating to interventions in the urban environment can be assessed and validated against the principles of sustainable development. The indicators would need to be able to accurately represent the impact of modelled interventions in respect of the following components of the urban environment:

· Energy sources: Sites where energy is generated (supply-side)
· Energy users: Sites where energy is consumed (demand-side)
· Energy networks: The infrastructure that distributes energy between the sources and the sinks
· Energy storage: Sites where generated energy may be retained for later use
· Socioeconomic impacts: The impact of citizen behaviour / characteristics on energy supply and demand

“The Handbook on Constructing Composite Indicators: Methodology and User Guide” (OECD, 2005) and the “Bellagio Principles” (Hardi and Zdan, 1997) were used in terms of guiding the definition and the structure of the SUIs. The 10 step process outlined in the handbook detailing the formation of composite indicators informed our own methodology for the selection of the SUIs. In addition to the content of the handbook, existing indices were reviewed and the following structure was devised for the SUIs in order to transparently outline the constituent elements and rationale for each SUI. The structure is set out as follows: 

· Indicator - refers to the name of the indicator
· Scale - refers to the spatial applicability of the indicator
· Definition - describes the remit and focus of the indicator	
· Unit of Measurement - refers to the measureable attribute of the indicator
· Pattern of Use - refers to temporal and seasonal considerations which apply to the indicator
[bookmark: _Toc448909753]In order to develop indicators which, align with the requirements of the end users and stakeholders as well as the core objectives, ‘domains’ which reflect the priorities of both were considered. The domains which were decided upon were emissions reduction, cost reduction, and increased energy efficiency.

The rationale for dividing the indicator development process arose from the need to establish a comprehensive assessment of the existing academic work and professional practice in the field of sustainable energy research, to comprehensively collate existing energy focused indicators and to assess that body of indicators against the needs of the end user community. By combining this with existing indices relating to energy and sustainable communities, the indicators could then be assessed with reference to their relevance to the identified domains of cost reduction, emissions reduction and increased energy efficiency. 

Energy indicators which relate to the domains outlined above were extracted from a range of existing indices. At the initial phase of the compilation process, the indicators taken from existing indices were cross referenced in order to determine if they arose in more than one indicator list. Niche or uncommon indicators amongst those selected were evaluated on their merits and capacities to contribute to the overall index. Niche indicators found to be of merit were retained while those whose focus did not align with the indicator objectives were discharged. Consultation with stakeholders resulted in the development of indicators which reflect their interests with reference to their experiences of and interactions with the urban environment. The indicators arising from the stakeholder consultation were categorised under the following headings:
 
· Demographic dynamics
· Accessibility to services and green areas
· Urban mobility and transport
· Health and safety
· Awareness and behaviours
The high level domains reflect the needs of decision makers, urban environment professionals as well as citizens when it comes to cataloguing the impact of interventions in the urban environment which generate savings, reduce carbon and other emissions into the atmosphere and enhance the overall energy efficiency of the urban environment. Through the consultation process indicators selected during the initial literature and policy review were weighted by key stakeholders including academics, local government officials, energy providers and potential end user with regards to how each indicator pertained to their individual needs. The further review of the indicators selected in relation to supporting data available ensured the final SUIs would be usable across different urban environments. 
[bookmark: _Toc448909745]
While our core aim was to devise SUIs which focus on the domains of cost reduction, energy efficiency and reducing carbon dioxide emissions it was also important to characterise the city as an overall integrated system and develop the SUIs to be combined with a “sub-systems of a system” approach to the urban environment. The indicators were effective in the manner in which they considered the components of the built environment and as such, they are attuned to the interrelated nature of the urban environment. The manner in which one indicator may be utilised to correlate the impact of interventions is reflective of the interconnected nature of urban environment systems in relation to the provision and consumption of energy. The characterisation of the city and its energy network in the manner outlined above assisted in the development of indicators which align with the constituent components of the urban environment under the three objectives specified above.

The indicators put forward were carefully chosen so that they reflect the environmental issues and measure the sustainability performance of the applied area effectively. Through the literature review we selected 186 indicators which were then filtered through the framework set out above. As part of this process we consulted industry experts, the aim of which was to enable experts from various backgrounds and who are familiar with local conditions, environmental needs and policy priorities to voice their opinions. The consultees included academics, local council employees, and energy providers and we worked towards agreement on a consensus view of the relative importance of the indicators based on their experience and judgment.

A data catalogue was also developed in a manner which recognised the need to be applicable across multiple urban contexts. A key requirement, in this regard, was the need for commonality and standardisation of data characteristics, associated attributes and accepted terminology in order to present a catalogue that represents most urban contexts within the EU while at the same time providing an extensive data coverage best suited to determine the efficiencies and potential solutions in energy generation, transmission and consumption. Accordingly, eight categories of data were identified as being an appropriate data classification that corresponds to these requirements. Data corresponding to these categories were presented in a manner that captured, where possible, the key characteristics, attributes, units, sources and reference standards. In addition, where possible each data type was delineated according to their spatial scale of applicability based on micro, meso and macro scales (see table 2).

Table 2. Sustainable Urban Indicator List
(‘-’ denotes information as unavailable)
	No.
	Indicator
	Scale
	Definition
	Unit of Measurement
	Pattern of Use 

	
1.
	Consumption of renewables
	City Level
	Renewable energy consumption as a % of total energy consumption in the urban area.
	kWh divided by the total kWh consumed in the city over what period of time
	Temporal + Seasonal

	
2.

	GHG emissions per sector (residential, industry, use type)
	City Level
	The per capita emissions (Tonnes of Emissions eq. per individual).
	C02/CH4/N2O/O3/CFC’s emissions per unit GDP (g/€) (GHG emissions in tonnes per capita)
	Temporal + Seasonal

	
3.

	Renewable plants (managed by public/private authority) kWh produced
	City Level
	Renewable electricity produced by LA/PA (kWh). (managed by public/private authority) 
	kWh per annum
	-

	
4.

	Energy consumption of public buildings 
	City Level
	The energy consumption of municipal buildings per sq. m measure.
	Avg kWh 
	Temporal + Seasonal

	
5.
	Energy consumption of public buildings II
	City Level
	% of public buildings that have been audited in terms of their energy usage (i.e. building energy rating/efficiency assessment)
	% of public buildings audited
	Temporal + Seasonal

	
6.

	Brownfield versus greenfield development
	City/Sub City Level
	Ratio of new developments on brownfield to new developments on Greenfields.
	m2 
	-

	
7.

	Roof Space available for PV
	Building Level
	Area of roof space suitable for PV.
	m2
	-

	
8.
	Roof Space Available for Solar Thermal
	Building Level
	Area of roof space suitable for Solar Thermal.
	m2
	-

	
9.
	Final energy consumption, by sector
	City Level
	The total electricity consumption per capita (kWh/individual) Trends in electricity consumption.
	Energy consumption per capita (GJ/inhabitant)
	Temporal + Seasonal

	
10.
	Energy dependency
	City Level
	The percentage of total electricity consumption per capita generated elsewhere and imported.
	% of total kWh use
	-

	
11.
	Total waste generated per year per capita
	City Level
	Municipal waste per capita
	kg/inhabitant
	-

	
12.
	Building stock energy efficiency
	City Level
	New buildings and renovations assessed in terms of environmental sustainability. % of sustainably classified buildings (both new and renovated).
	Energy consumption of residential buildings (MJ/m2)by building type residential, public, commercial as % of total stock
	-

	
13.
	Residential Stock Energy Efficiency
	City Level
	Assessment of Energy Efficiency of Housing Stock based on unit type and year of construction. 
	Energy consumption of structure (MJ/m2) with regard to adjusted environmental norms
	Temporal + Seasonal

	
14.
	Commercial Stock Energy Efficiency
	City Level
	Assessment of Energy Efficiency of Commercial Stock based on unit type and year of construction. 
	Energy consumption of structure (MJ/m2) with regard to adjusted environmental norms
	Temporal + Seasonal

	
15.
	Industrial Stock Energy Efficiency
	City Level
	Assessment of Energy Efficiency of Industrial Stock based on unit type and year of construction. 
	Energy consumption of structure (MJ/m2) with regard to adjusted environmental norms
	Temporal + Seasonal

	
16.
	Leisure Stock Energy Efficiency
	City Level
	Assessment of Leisure Stock Energy Efficiency based on unit type and year of construction. 
	Energy consumption of structure (MJ/m2) with regard to adjusted environmental norms
	Temporal + Seasonal

	
17.
	Public Stock Energy Efficiency (Health) I
	City Level
	Assessment of Public (or private) healthcare facility energy efficiency
	Energy consumption of structure (MJ/m2) with regard to adjusted environmental norms
	Temporal + Seasonal

	
18.
	Public Stock Energy Efficiency (Education) II
	City Level
	Assessment of public (or private) educational facility energy efficiency
	Energy consumption of structure (MJ/m2) with regard to adjusted environmental norms
	Temporal + Seasonal

	
19.
	Special Heritage Status
	City/Sub City Level
	Building with heritage designation attached. 
	Y/N-Specification
	-

	
20.
	Electricity Exported to Grid
	Building Level
	Amount of surplus energy exported to the national grid.
	Kwh
	Temporal + Seasonal

	
21.
	Residential population density
	City Level
	Total resident population per km 2 of built up area.
	Population per km2
	-

	
22.
	Percentage of buildings assessed under a Building Energy Rating Scheme
	City Level
	This indicator defines the percentage of buildings classified among A+ and D.
	% of total
	Temporal + Seasonal

	
23.
	Population living within 1000 metres to public transport services 
	Sub City Level
	This considers the availability and vicinity of public transport.
	% of the total population
	-

	
24.
	Heat Demand Density
	Sub City Level
	Heat density demand informs viability of District Heating.
	Kwh/m2
	Temporal + Seasonal

	
25.
	Occupancy
	City/Sub City Level
	Percentage of buildings which are vacant.
	% of the vacant buildings in relation to the total buildings
	Temporal + Seasonal

	
26.
	Smart Metering
	City/Sub City Level
	Number of Buildings with Smart Meters installed.
	Number of buildings equipped 
	-

	
27.
	Capital Expenditure on Energy Infrastructure
	City Level
	Amount expended on the management, upkeep and development of energy infrastructure. 
	€ per head of population per annum
	-

	
28.

	Total employment rate
	City Level
	% of working aged population employed in the locality.
	City unemployment rate and % of people in full time employment
	-

	
29.
	Retrofitted Elements (Generation)
	Building Level
	Presence of specific interventions designed to generate energy (micro) at building level.
	Y/N-Specification
	-

	
30.
	Retrofitted Elements (Insulation)
	Building Level
	Presence of specific interventions designed to reduce heating loss.
	Y/N-Specification
	-

	
31.
	Retrofitted Elements (Glazing)
	Building Level
	Presence of specific interventions designed to reduce heating loss.
	Y/N-Specification
	-

	
32.
	Retrofitted Elements (Heating)
	Building Level
	Presence of specific interventions designed to efficiently generate heat. 
	Y/N-Specification
	-



A system of default weightings can be applied to the SUIs in order to afford the end user to customise their selection. The operationalisation of the indicators in subsequent development work requires that default weightings be applied in advance of the final iteration. Assigning a default weighting is congruent with the majority of composite indices, as stated in OECD, 2008. It is recommended that, in order to enhance the utility of the decision making, end users be allowed to establish the weight of each indicator in order to adapt to the context in which the tool will be deployed.

The scope of the SUIs relates to two key areas, the first is their feasible area of spatial applicability and the second related to the manner in which the interventions are captured and represented as a unit of measurement with an associated range of effectiveness in line with the goal stated above. The spatial applicability of the indicators are as follows:

· City Level: Indicators at this scale provide a high level assessment of the performance of urban environments in respect of energy consumption, generation and potential for efficiency focused enhancements. 
· District Level: Indicators at this scale provide a more focused and detailed assessment of energy generation and consumption at the sub city scale. This focus is valuable as urban environments are composed of sub city districts which are distinctive in terms of their energy characteristics. Developing metrics at this spatial scale requires cognisance of the fact that the definition of a “district” or sub city unit varies from country to country.
· Building Level: Indicators at this scale are geared toward the direct assessment of energy related interventions on a building or small cluster of buildings. 
The spatial scales outlined above are not mutually exclusive in terms of indicators as some indicators may be applicable across each spatial boundary. In addition to the spatial scale of the SUIs and their applicability, their scope is required to cover the elements of the built environment which have a relationship to energy.

[bookmark: _Toc450945619]Limitations

· This research relies upon a consultation process with members of the end user community in order to validate the reasoning for the selection of key SUIs from an expanded list. The range of end users consulted over the course of the research were largely from Ireland and may not provide a wide enough variety of sources for European wide application. This geographical limitation of the consultation and selection process might therefore mean that its use in other geographical regions might be limited or that the indicators might need refining before they could be applied.
· The suite of indicators that form the starting basis for the SUI selection is based on the indicators put forward in the academic and research literature. The SUIs developed in this paper are therefore limited to the available lists. Furthermore, the SUI selection process is limited to those which specifically address our limited overview goals of cost and CO2 reduction, and enhancement of urban energy efficiency. Other relevant and important sustainability criteria might therefore not be captured.
· The time effectiveness of the use of the selected SUIs might still require demonstration, especially about existing methodologies. The consequences of which led to the use of a reduced set of metrics supported by readily available data. The same issues were encountered during the development of this paper as a substantial number of indicators were found to be of theoretical and academic relevance to the SUI yet were not implementable due to the constraints imposed by data availability. 
· Morse (2003) questioned the quest for quantitative indicators, highlighting how qualitative measurements may provide better understandings of sustainability, given its socially constructed nature and the need for perceptions to change in order to achieve more sustainable behaviour. Considering the potential for indicators to mislead, or be manipulated and ‘cherry-picked’ to show what is desired, Meadows (1998) warns that, as an integral part of the decision-making process, indicators can be a ‘dangerous tool’. The desire of stakeholders and decision-makers, for simplicity, comparability and interpretability of indicators may inadvertently result in over-aggregation and/or over-simplification of complex relationships. Consequently, this may mislead or result in false representation (DSCWG, 2001). 

[bookmark: _Toc450945620]Possible Solutions

· Demonstration of the tool may be applicable in a jurisdiction with different climatic, geographic and cultural considerations in order to enable the testing of SUI transferability. 
· A broader more inclusive tool or a supporting tool which would work in conjunction with the SUIs developed here may be required to address other areas of sustainable development.
· The operationalisation of the indicators in the decision support tool and the development of the wider apparatus may be able to compensate for any detected or undetected issues with the indicators theoretical framework. 
· Standardisation, incorporating the alignment of the SUIs with existing industry standards (e.g. ISO standards) may be needed. 
· During the development of the SUIs, it was determined during consultation that the incorporation of qualitative indicators would present a technical challenge as well as a complication of transferability in terms of normalising such indicators across a variety of socio-environmental, cultural and economic contexts.
[bookmark: _Toc450945621]Conclusion and Discussion

Sustainable development is becoming an increasingly important issue on the global stage. To respond to many sustainability challenges that we are facing, we must be able to measure progress towards sustainable urban development. The generic development framework for SUIs proposed in this paper could be used by local governments as a tool for assessing the level of sustainability of urban systems. The proposed indicators have been developed specifically for a European context but could also be applicable to other areas where the weightings could be tailored for alternative needs. While the framework aims to capture most key issues for the urban environment, it should be emphasised that it would be impossible and indeed impractical to try to translate all the issues into indicators of sustainable development. Nevertheless, the framework is comprehensive, and given its scope, it may be more suitable for large-scale city systems which can afford the time and resources for its implementation. 

Having completed a comprehensive assessment of literature relating to the formation of indicators it was concluded that the indicator suite be a synthesis of composite indicators which lend themselves to intra-national comparison and indicators in tandem with expert evaluation. This will support decision making in respect of energy based on the accurate reflection of changes in the manner in which a specific, building, district or city manages its relationship with energy. The latter indicators examine metrics arising from the modelling of interventions to the structure or group of structures.

Through our initial compilation process the indicators obtained were found across different relevant domains. These indicators were taken from a combination of sources, including existing indices relating to the built environment as well as from a study of industry standards in the management of energy. The structure, scope, framework and weighting of the indicators have been developed in line with academic practice relating to the formation of composite indicators. Once compiled, the indicators were advanced for consideration at the consultation phase of the methodology.

The innovative character of the described procedure is based on the central procedural feature: The broad and systematic participation of different consultation groups during the process helps to strengthen the local identity by providing the means for all citizens to better identify with their community and its development. Each community has specific individual factors therefore the weighting for a particular city requires local user knowledge but also requires oversight from industry experts who can use their experience to aid with local efforts. In order to achieve the development of a functional set of sustainability indicators that can be used to compare different communities it is important to connect an indicator system of common goals with a more detailed program that shows the specific subjects of the local urban system.
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