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Abstract

The focus of this paper is how to expand and redesign environmental assessment processes to establish an effective foundation for sustainability assessment. It addresses the problems posed by the need to establish a clear methodology, identify and select a group of sustainable indicators suited to evaluate the life cycle of a project and to find a proper balance between all actions that contributes to energy supply in informal settlements.
Introduction

Spatial planning in informal settlements requires special attention. This is only possible through urban planning, due to its decisive role in the development of human activities. It is essential to achieve an operational instrument of assessment that provides the possibility to consistently support the integration of the main principles concerning sustainable development. Has stated by Khakee (1998), planning and evaluating are two inseparable concepts [1]. The decision-making process in planning is a very complex process and the energy supply system to promote a large level access is determinant to sustainable development [2]. 
Energy is a decisive factor in the development of human activities, having a constant presence and one of the most important roles in the various dimensions of sustainable development [3]. The energy supply and it´s availability of access are directly related to urban life quality, both on social and economic levels [4]. On other hand, local and global negative impacts result over the environment by the use of energy. Urban morphology (shape) and different building typologies are some of the most important factors on restricting the access to solar energy.

The sustainability assessment of urban planning is a fundamental way to ensure that one can predict when and how the development of our cities will occur, and if the main planning objectives are accomplished [5]. In the discipline of the built environment and urban studies the use and access to solar energy has not yet been systematically integrated in the methods for achieving sustainability and its certification.

The defining characteristic of sustainability assessment is that all of the decisions are informed by sustainability-based criteria and aim to deliver multiple, lasting and mutually reinforced gains, rather than just mitigation of environmental damage [6]. Seasons (2003) argues that the determination of the main variables for urban planning assessment should contribute to the selection of the most efficient model, in which case studies can be crucial to identify and select the type of organization and resources fundamental to that process.

It is determinant that the scientific research of models to assess urban plans implementation are based on long term studies [7,8].

A comprehensive literature review offers a clear knowledge about the sustainability assessment of urban plans, practices and theory concepts [9,10,11,12,13,14], allowing the use of that knowledge in future practices, to accomplish the stabilization of parameters and criteria of assessment. Some of these authors describe the process of urban plan assessment. The results have been showing that the qualitative and quantitative efficiency of the implementation of urban plans has a direct effect on the improvement of quality of life and the sustainability of urban plans [10,11,12,13,14,15,16,17].

The Plan Implementation Evaluation (PIE)[18] proposes that the urban policies evaluation and urban plan assessment should be made by two major principles: i) extent ii) penetration, to apply on evaluation phases. In this scenario of direct association between urban planning and sustainable development occurs the opportunity to apply and aggregate different tools of assessment: Planning Balance Sheet Analysis (PBSA)[19]; Community Impacte Evaluation (PBSA/CIE) [20]; Goal Archievment Matrix [21]; Multicriteria evaluation [22,23,24]; Environmental Impact Assessement (EIA) [25]; Cost-Benefits Evaluation (CBE). 

In 2003, Sherbini et al. [12] introduces the Assessment with ESI – Environmental Sustainable Indicators e USI – Urban Sustainable Indicators, developed to provide a higher uniformity. This methodology has been applied on GengXicono project - New Tool Measuring China’s Cities, and the results are monitoring until today with positive outputs.  

Nowadays, multi-criteria assessment is regularly present in regional urban planning, mostly because of indicators and composite indices use. This methodology characterizes itself by the possibility of including measurable and non-measurable impacts, as opposite of what happened with previous methodologies.

Some European experts have concluded that the relation between sustainability and urban planning didn´t achieve, so far, efficient results [26]. Urban planning is just a part of a bigger problem, which brings to the equation the necessity of scientific research and the pursuit of a methodology to support the sustainability assessment of urban planning [27].

The sustainability assessment of urban plans returns many advantages to the administrative units (municipalities, regions,..) that take action on implementing them. It is possible to diagnose existing problems at a local level and promote a higher standard of quality of life. It also potentiates the competiveness between regions/cities/neighbourhoods.

The lack of a complete tool for sustainability assessment of urban planning has compelled, so far, to the use of methodologies and techniques that only allow a partial assessment [17]. The assessment of urban policies, urban plans, programs and projects must confirm the presence of sustainability principles in their implementation [28]. 

Sustainability assessment can´t be dissociated of all the urban plan conception phases. It is important a continuous assessment action during all the elaboration phases of the urban plan, for a more effective final assessment and subsequent monitoring.

The good management of the energy sector is crucial to a positive action in urban development, especially on developing countries. To achieve this goal is necessary to create and develop a model that assures the evaluation throughout the urban plans and the population access to energy, especially in countries that aim to redesign and rehabilitate areas of informal settlements. 

Urban planning can use a large number of existing criteria to analyse performance and the energy inclusion on the process. It is not totally clear the amount of criteria necessary to reach the goal. The relevance of group criteria makes a difference to the quality and success of energy issue in urban planning actions, from the beginning of the plan. Also the evaluation of planning action is dependent from the stage of indicators selection, since the appropriate and suitable selection is crucial to guarantee the energy sector as a part of the urban planning process, and assuring that real sustainable development takes place.

This assessing sustainability approach, accounting energy supply, will allow a general reduction in infrastructure investment costs. This will enable the release of funds to invest in social and environmental actions.

Method| energy supply in urban planning in development countries - implementation in informal settlements

There are some barriers to the implementation of urban planning sustainability assessment, mainly on the developing countries - weak development of information systems and the insufficient financial resources to invest in that kind of systems. Besides the technical and economic barriers, it exists also a big opposition to urban plan assessment by politicians and urban planning professionals, due to the fright of its complexity and, many times, to the fear of the final conclusions of the assessment.

The practical application of an assessment methodology for a multi-criteria indicator system of sustainability can be very expensive, which in the case of developing countries is very challenging, as this isn´t usually a priority for investment. So it’s important that sustainability assessment can be done gradually, step by step, starting by the most important sectors on the local, regional and global levels, in which the energy sector is indubitably present.  The application of this methodology aims to assist actions in informal settlements, particularly in developing countries, as a way to improve the sustainability and the quality of life of the population.  It was identified and selected a group of sustainable indicators suited to evaluate the life cycle of a project and to find a proper balance between all actions that contributes to energy supply in developing countries. 

An energy sustainability assessment and monitoring system of the urban plans assures the efficiency of implementation and the achievement of strategic objectives of the plan.

The development of this methodology must include the sustainability principles to account on the elaboration of an urban plan, particularly in terms of energy efficiency. This methodology integrates environmental, institutional, social and economic components that characterize the principles of sustainability expected to achieve by the entity that elaborates/commissions the urban plan. 

On a first approach, sustainability assessment uses available tendencies and statistic information, and also the current territorial characteristics to obtain a reference status. The expected territorial dynamic is planned and establishes the energy requirements to the future, using the assessment indicators as a measuring and referential tool.

It is fundamental that sustainability assessments of urban plans in informal settlement areas are simulated during the elaboration process. By this way is possible to anticipate measures and possible solutions for existing obstacles when the implementation phase of the plan occurs. This methodology creates a model that permits the simulation and evaluation of the conditions to the energy access by the population and also estimates future variations from the implementation process of the plan.

The phase of monitoring and assessment takes place in the end of the process and, if unexpected deviations are observed throughout the indicators, is possible to correct some actions.

The presented energy assessment methodology (Figure 1) is based on a series of indicators common to other assessment methodologies, with direct impact over the energy sector. This model was also based on other global sustainability assessment methodology, designed for the developing African country of Cape Verde [17], by part of the authors, in which the importance of the energy sector in informal settlements areas was revealed.
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Figure 1 – Energy Assessment Methodology 
	Energy
	Primary Energy consumption per capita 
	tpe/inhab

	
	Primary Energy consumption by sector of economic activity
	Mtpe

	
	Final Energy consumption by Energy type
	Mtpe

	
	Energy certification of buildings
	Nº

	
	Decentralised Electricity production using renewable energy sources 
	Kw

	
	Total installed area of thermal solar panels
	m2

	Urban Planning
	Total  of public areas destined to recreational and  leisure purposes
	ha

	
	Total areas of high ecological value
	%

	
	Vacant households
	Nº

	
	Municipality promoted housing construction
	m2/inhab

	
	Average housing area per inhabitant
	m2

	
	Urban territory occupation
	%

	
	Legalized constructions 
	Nº

	
	Average of construction coefficient 
	%

	Environmental
	Greenhouse gas emission per capita
	Ton CO2e/inhab

	
	Air quality
	www.qualar.org

	
	Excessive noise exposure: day-time
Total population
	%

	
	Excessive noise exposure: day-time
Total population
	%

	
	Low pollution emission public transportation
	%

	Economic
Growth
	Employment by economic sector
	%

	
	Companies by economic sector
	Nº

	
	Total occupation rate of business districts and entrepreneur dedicated areas 
	%

	
	Companies surtax 
	Thousands €

	
	Average monthly wage
	€

	
	Unemployment by gender, age group and education degree 
	Nº

	
	Unemployment rate
	%

	
	Infrastructure Investment
	€

	
	purchasing power rate
	Adimensional


Figure 2 – Sustainability Indicators

The analysis of territorial dynamics is extremely important in determining the forthcoming of those territories. The need to preview the results of their implementation is vital. Because of the many parameters involved, the evaluation process of territorial dynamics, which results from the actions defined in the municipal plan’s strategies, is of difficult quantification. However, the possibility of simulating and previewing the territorial dynamics that will occur in a given municipality enables to confirm the proposed model or reconfigure it. This previewing action uses scenario creation tools, computer simulation tools and, jointly, quick evaluation tools that can result on comparisons and measurements. These tools can be implemented, as long as they are articulated with sustainable development indicators.

The graphical evaluation of land use change, the change in infrastructure, the number of public facilities and the creation of new industrial and commercial activities will help in easily identifying the territorial dynamics and frame them in the scope of sustainability.

The evaluation of all the factors and links will enable us to verify if the decisions taken will be effective. 

In the Cape Verde [17] example, the evaluation was implemented by the Delphy method and the voting method [29], screening the initial list of indicators - result of the contribution of all municipalities and governmental institutions. After that, the action of subjective weighting derived to a consistent result, by a pairwise evaluation comparison method [30, 31, 32, 33, 34, 35].

In this model, the last step corresponds to the evaluation of the planned territorial model. This evaluation will be done pursuing a set of indicators of urban sustainability, developed specifically for this purpose, as stated before. The development of this action will corroborate and measure the inclusion level of the sustainability principles in the municipal plan and the level of energy access to the population.

Conclusions

The developing process of the methodology and indicators presented in this paper brought important new insights. Sustainable development in urban planning is essential to the future of humanity. The energy consumption is directly linked to the efficiency of urban planning. The use of indicators to evaluate urban planning focusing on energy, environmental development and economic growth implies the existence of a long-term strategic vision regarding sustainable development. 

The methodology proposal leads to the following conclusions:

i. A correct methodology to urban planning evaluation is determinant to the efficiency of the land transformation process;

ii. The energy sector has a major role in the efficiency model of urban planning sustainability;

iii. Efficient evaluation and decision-making becomes possible if a suitable group of indicators is used, including energy, in the evaluation phase of urban planning;

iv. The use of solar energy in informal settlements is the most sustainable solution when taken into account the poor socio-economic conditions of the inhabitants of these areas.
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