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Abstract 

In Brazil, the public lighting sector is a responsibility of the municipal government and typically 

represents around 4% of the electricity consumed by cities. Considering the significant importance and 

functions of this service, sustainable management is necessary. The aim of this paper is to investigate 

the main practices used worldwide in terms of energy efficiency of public lighting and propose the use 

of the multi-criteria method called Analytic Hierarchy Process to choose the best options for a group of 

Brazilian cities, namely Passo Fundo, Santa Maria and Porto Alegre. The methodology of this paper 

consists of searching for best practices in public lighting, which worked as alternatives for applying the 

Analytic Hierarchy Process. The final step consisted of presenting the impacts of a potential 

implementation, through analysis of energy and financial savings. The results suggest the preferred 

practices to each municipality (Audit and Guide Elaboration, Retrofit, Alternative Energy and 

Management) and their potential implementation can promote energy and financial savings up to 6 

GWh/year and 600,000.00 US$/year. The main implications of this paper are related to proposing the 

use of a multi-criteria method to the public lighting sector and providing useful insights for local 

governments and especially for developing countries.  

Keywords: sustainable development, energy management, lighting, sustainable cities, best practices. 

 

1 Introduction 

The sound development of urban infrastructure has become one of the most pressing 

challenges facing the world today, and public lighting systems play a significant role within 
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this field. Public lighting systems have a prominent role in providing quality of life to urban 

centers, acting as an instrument of citizenship, contributing to social and economic 

development, as well as benefitting public safety, traffic, crime prevention and providing value 

to the urban environment and leisure areas (Cambraia, 2003). 

This research has been motivated by the fact that despite all the functions and importance 

of public lighting, more attention is paid to researches focused on energy efficiency at 

household or industries (Charlier, 2015; Havas et al., 2015; Kavousian et al., 2015; Özkara and 

Atak, 2015; Peng et al., 2015; Webber et al., 2015), mainly due to the higher energy 

consumption. Or yet, when there are publications in the area of public lighting, these tend to be 

much more related to technical questions rather than to its sustainable management (Fonseca et 

al., 2015; Green et al., 2015; Kostic and Djokic, 2009; Miguel, 2014; Peña-Garcia et al., 2015; 

Rabaza et al., 2013; Rabaza et al., 2016). However, public lighting is a sector that needs more 

attention by the management and has much to contribute allied with the search for efficiency 

and sustainability. 

Despite numerous advantages, public lighting can present a high waste of electricity 

caused by the use of inadequate equipment and poor management. Energy consumption of 

public lighting may, at first, seem negligible in the face of global consumption, and so cities 

largely do not control the actual energy consumption of the sector. Fewer resources are devoted, 

therefore to cost analyses and studies of the feasibility of energy efficiency measures in this 

area. Thus, energy efficiency programs in this field are very welcome, as there are several 

options for saving energy, some of which allow for reductions of up to 50% when it comes to 

electricity consumption (Lobão et al., 2015). 

The contribution of this work is related to the fact that there are currently several energy 

efficiency practices in public lighting applied in the world, but an in-depth study is required 

when a municipality wishes to select which one to implement. This is especially the case when 
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many of these municipalities are below ideal standards in terms of the public lighting service 

provided in comparison to the standards observed in countries which have already successfully 

implemented such practices.  

In this sense, this paper aims to investigate the main practices used worldwide in terms 

of energy efficiency of urban public lighting and propose the use of the AHP multi-criteria 

method to choose the best options for a group of Brazilian cities. Aligned with this aim, the 

importance of this paper is twofold: from a practical point of view, it proposes the use of a 

consistent methodology to the public lighting sector, and from a theoretical point of view, it 

discusses practices that could be applied in it to improve energy efficiency. The novelty and 

implications for research range from filling the gap of the literature when it comes to addressing 

public lighting in the perspective of sustainable management and the proposal of the AHP multi-

criteria method to this sector, providing useful insights for local governments and especially for 

developing countries.  

This paper is organized as follows: in addition to the introductory section with two 

subsections on importance of sustainable public lighting and multi-criteria decision making, the 

methodology used in this article is explained in Section 2. In this section, each one of the three 

steps of this research are described. Then, the results are shown in Section 3, according to the 

best practices researched and case studies presented. In Section 4, conclusions and policy 

implications are drawn.  

 

1.1 Importance of sustainable public lighting  

The main purposes of public lighting are to protect people and property, promote an 

improved quality of life and safety, contribute to social and economic development and prevent 

crime, all of which add significant value to the urban environment (Cambraia, 2003). Irsyad 
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and Nepal add that this public lighting systems also support night-time economic activity and 

also encourage new developments (Irsyad and Nepal, 2016). 

Local governments generally have limited budgets to provide this infrastructure properly. 

In addition, increasing societal pressure to protect the environment – and for municipalities to 

meet climate change targets – contributes to the need of improved sustainability in public 

lighting systems.   

Each year, countries consume large amounts of energy in their public lighting systems. 

An excellent parameter to measure sustainability is energy efficiency and, in recent years, 

efficiency in public lighting installations has become an important area of study (Rabaza et al., 

2013). 

Sustainability in public lighting encompasses the search for optimal lighting solutions, 

reaching all of the functions of the system, reducing operational expenses and minimizing 

electricity consumption, especially through use of more efficient lamps, telemanagement and 

power control (Kostic and Djokic, 2009; Djuretic and Kostic, 2018). This conceptualization 

precisely addresses the three axes of sustainability: environmental, economic and social. 

Environmental sustainability in public lighting is about reducing consumption, therefore 

demanding less use of natural resources and emitting smaller amounts of CO2. Economic 

sustainability focuses upon the reduction of spending on consumption, and management 

planning enables investment that contributes to the improvement of the entire system and cities 

as a whole. Finally, social sustainability emphasizes efficiency in the system that serves the 

functions of the sector and the existence of a quality service for the entire population. 

Irsyad and Nepal (2016) estimated the national benefits in Indonesia that arose from 

energy efficiency improvements in street lighting systems based on a pilot project in Jakarta 

and energy audits in other three cities. The authors concluded that investments in electricity 
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conservation for street lighting will be returned within 2.9 years on average, although the energy 

company service did not consider it. 

Radulovic et al. (2011) point out that the sustainable energy management of cities can be 

viable and environmentally responsible at the same time. It can also be said that management 

represents a driving force for projects towards success in public lighting, as well as encouraging 

the idea of developing a sustainable future for society as a whole. 

 

1.2 Multi-criteria decision making  

Currently, a number of energy efficiency initiatives in street lighting are being applied 

worldwide with the aim to reduce environmental impacts and improve sustainability 

performance (Kostic and Djokic, 2009; Becalli et al., 2015) as well as a tool towards energy 

security (Leal Filho and Voudouris, 2013).  However, it is important to define criteria and a 

specific method to decide which one to apply in any given region. 

Indeed, the type of initiative to be applied in each city or region depends on a number of 

factors such as: 

a) Their sizes 

b) The public lighting structure, which may be centralized for the whole city, or 

managed at the district level 

c) The status of the utilities: private or public owned 

In other words, the development of energy efficiency initiatives needs to be 

commensurate with the unique needs seen in each city, and the judgment of those responsible 

for managing the sector in the area. As the selection and prioritization of practices is not simple, 

the use of decision-making processes, for example, could assist in achieving satisfactory results.  

Specific methods should be followed in a decision-making process, one of which is multi-

criteria decision making. This is a process to assist organizations to evaluate the available 
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information, weigh all of the possibilities and reduce the risk of disappointment after a decision 

is made (Belton and Stewart, 2002). Used in many different areas and with increased application 

in the last couple of decades, this method of decision making has allowed for more complex 

decision analysis methods, including the use of technologies and support to real-world decisions 

(Hamurcu and Eren, 2019).  

As presented by Yagmur (2016), there are many methods that use the multi-criteria 

decision-making process, such as AHP, TOPSIS, PROMETHEE and EVAMIX. The AHP is 

very commonly used to select technologies in modern scientific research (Tang et al., 2014; 

Kurka, 2013). This method provides an easy and efficient determination of the relative weight 

of multiple factors for a comprehensive evaluation problem, and it also has the advantage of 

permitting a hierarchical structure of the criteria. This provides users with a better focus on 

specific criteria and sub-criteria (Sui et al., 2016; Franek and Kresta, 2014). 

The AHP method is one of the most popular decision support tools because of its 

simplicity and the possibility of being used for decision-making groups, involving multiple 

actors, scenarios and decision elements. It was developed by Thomas L. Saaty in the 1970s and 

has since been applied in several contexts, from social studies and technology, to health and 

environmental issues (Jovanović et al., 2015; Emrouznejad and Marra, 2017).  

As stated by Ramanathan (2004), the field of energy has a number of issues that require 

analysis considering several criteria, therefore research in the area of multi-criteria decision 

making became a growing field in the last years and has been applied to a number of energy-

related problems. It includes papers on decision making for renewable energy investments 

(Strantzali and Aravossis, 2016; Ulloa et al., 2018), for local energy planning (Marinakis et al., 

2017), for energy performance of buildings (Silva et al., 2016), and for selection of different 

energy systems (Dai et al., 2019), most of these using or acknowledging the AHP method.  
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Specifically in the context of public lighting, some examples of the use of multi-criteria 

decision making include the application to rank technical alternatives, to identify sets of optimal 

retrofit actions and support municipalities and their local decision makers (Carli et al., 2018; 

Carli et al., 2019; Cristea et al., 2018). However, there is a lack of studies focusing on the use 

of the AHP method in this sector and with particular emphasis in sustainable management rather 

than in technical aspects.  

 

2 Methodology 

In this section, the processes carried out during this study are presented. This is 

structured as follows: first, section 2.1 presents the search for best practices and explains how 

they were classified; section 2.2 focuses on describing the Analytic Hierarchy Process, 

including details about the method, studied municipalities, criteria used, description of the 

group of decision-makers, and the analyses performed to ensure reliability; finally, in order to 

represent the impact of the potential implementation of the chosen practices in the three 

municipalities, section 2.3 briefly explains the last step of the research, which is the use of an 

energy savings calculator to simulate different scenarios for each city.  

 

2.1 Search for best practices 

The concept of best practice includes technological innovations, new ways of using 

natural resources, new working methods or tools, new forms of collaboration between 

stakeholders, or a combination of these. Best practice should generate positive results for the 

environment and also, preferably, for the economy and society in general (European 

Commission, 2005). A best practice example must have been implemented and have 

subsequently generated good results, so its concept also includes expressions such as "good 

examples" and "good practices". 
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Brazil has been adopting practices of developed countries in order to implement actions 

of energy efficiency. Considering that, the research of best practice in energy efficiency 

management in public lighting used sources such as official documents of energy agencies; 

materials on projects developed by Siemens, which is a leading company in the manufacture of 

various types of materials (including public lighting) and a provider of solutions for several 

sectors (Gracioso and Najjar, 2001); recommendations of the World Bank through the TRACE 

tool (ESMAP, 2013) and reports published by the energy information website Procel. In 

addition to these sources, databases were also used to search for national and international 

papers on the subject. 

Figure 1 shows the distribution of case studies used during the research. The black 

markers represent cities or countries that have been applying different types of practices in order 

to seek energy efficiency in public lighting.  

 

 
Fig. 1. Distribution of case studies in the world 

 

After finding these examples of global best practices, they were organized into four types 

of programs, according to their objectives, impacts and similarities of actions. Subsequently, 
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these programs were classified according to aspects described by Abdmouleh et al. (2015). 

These aspects, according to the authors, regulate the success of the development and integration 

of renewable energy practices, and in this paper, the same aspects have been adapted to evaluate 

best practice in the area of public lighting, according to Table 1. 

 

Aspects Description 

Political Actions that need political support for implementation, such as national plans. 

Fiscal Actions that involve fiscal support for implementation, such as the inclusion of 
penalty rates or reduction of rates as a bonus. 

Financial Actions that require financial incentives for implementation, such as forms of 
financing and public or private support. 

Legislative Actions that depend on legal adjustments and / or incentives, such as changes in 
tariffs and consumption limitations. 

Technological and 
environmental 

Actions dependent on projects and research in the technological and environmental 
area 

Table 1. Classification of best practices according to the aspects that regulate their success 

 

2.2 Analytic Hierarchy Process (AHP) 

Some authors have already used AHP to evaluate energy efficiency issues in several 

areas, such as the selection of solar panels for photovoltaic systems (Balo and Şağbanşua, 

2016), the identification of energy efficient solutions for ship operations (Beşikçi et al., 2016), 

and the choice of preferences for different energy sources in countries (Ishizaka et al., 2016). 

According to Kumar et al. (2017), AHP is among the multi criteria decision making techniques 

mostly preferred for ranking energy technologies and applied in energy planning. Its strengths 

include being simple, flexible and not involving complex mathematics, besides being widely 

and successfully applied in practice (Ramanathan and Ganesh, 1995). On the other hand, some 

disadvantages of this method include the high computational requirement even for small 

problems, having a subjective nature and relying on emotions to be transferred to numerical 
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judgments and the increased time and effort demanded for bigger amount of pair comparisons 

(Karthikeyan et al., 2016; Oguzitimur, 2011).  

When compared to other options, AHP tends to be more acceptable by decision makers 

who lack familiarity with decision-making methods and it has higher preference when used for 

large number of comparisons and on a subjective scale (Bard, 1992). Taking these advantages 

into consideration, its great acceptability in the academic environment, and the availability of 

the software Expert Choice 11 for the decision-making process, the AHP method was the 

chosen one for this analysis.  

The methodology is based on a square matrix n x n, where the rows and columns 

correspond to the n criteria analyzed for the problem in question. Thus, the value aij represents 

the relative importance of the criterion of line i against the criterion of column j, and the same 

is valid for the evaluation of alternatives (Zambon et al., 2005). 

As stated by Aragonés-Beltrán et al. (2014), the n criteria and alternatives in the same 

level are compared using Saaty’s Fundamental Scale, composed by the relation of a numerical 

scale and a corresponding verbal definition, according to Table 2 (Saaty, 1994). For each level 

a pairwise comparison matrix A is obtained based on the decision maker’s judgments aij 

(Equation 1). 

 

𝐴𝐴 =  �

1 𝑎𝑎12 ⋯ 𝑎𝑎1𝑛𝑛
𝑎𝑎21 1 ⋯ 𝑎𝑎2𝑛𝑛
⋮ ⋮ ⋱ ⋮
𝑎𝑎𝑛𝑛1 𝑎𝑎𝑛𝑛2 ⋯ 1

� , where aji = 1 / aij  i,j = 1, …, n   (1) 

 
 

Intensity of importance Definition 
1 Equal importance/preference 
3 Moderate importance/preference 
5 Strong importance/preference 
7 Very Strong importance/preference 
9 Extreme importance/preference 

2, 4, 6, 8 Intermediate values of judgment 
               Table 2. Saaty’s fundamental scale 
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The evaluation can then be done in different types of software, but a specific one for the 

method is indicated for problems with many alternatives and/or criteria. After the attribution of 

weights, it is necessary to verify the consistency ratio of the study and a sensitivity analysis 

must also be done (Aragonés-Beltrán et al., 2014). 

In order to check judgment inconsistencies, the CR (Consistency Ratio) of matrix A is 

used. The Consistency Ratio is given by CR = CI/RI, where CI = (λmax - n)/(n - 1) and λmax is 

the maximal eigenvalue of A. The RI (Random Index) is an experimental value which depends 

on n, as presented on Table 3, from Saaty (1994). If CR is less than a threshold value then the 

matrix can be considered as having an acceptable consistency, and the derived priorities from 

the comparison matrix are considered meaningful. On the other hand, if CR exceeds the 

threshold value, the judgments in matrix A should be reviewed (Aragonés-Beltrán et al., 2014).  

 
N 1 2 3 4 5 6 7 8 9 10 11 12 
RI 0 0 0.52 0.89 1.11 1.25 1.35 1.40 1.45 1.49 1.51 1.54 

Table 3. RI values 

 

The use of the AHP method can be summarized in four steps (Saaty, 2008). The first step 

is to define the problem. The second step is to structure the decision hierarchy. The top of the 

decision hierarchy structure should be the goal of decision, followed by the objectives, and, at 

the lowest level, the alternatives. The third step is to construct a set of pairwise comparison 

matrices, when the criteria are compared against each other. The final step is to use the priorities 

obtained from the comparisons to weigh the priorities for each alternative. 

 

2.2.1 Studied municipalities 

According to data from the Brazilian Institute of Geography and Statistics, Brazil (which 

is the world´s fifth largest country in land mass) has a population of approximately 206.9 
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million (Brazilian Institute of Geography and Statistics, 2015). The World Bank (2015) states 

that the Brazilian Gross Domestic Product (GDP) reached US$ 1,775 trillion in 2015, 

representing a yearly Gross National Income of US$ 9,850 per capita. This is lower than many 

EU countries, but much higher when compared to other countries in the Latin American region. 

The Brazilian Yearbook of Electricity points out that, in 2014, the electricity 

consumption of public lighting in Brazil was around 4% of total electrical consumption (Energy 

Research Enterprise, 2015), compared to 10% in Germany. The figures in Brazil could be even 

larger if this service was improved and provided for all of the Brazilian population. Energy 

efficiency measures in public lighting could therefore improve the situation and represent a way 

of saving energy and reducing wasted energy. 

The municipalities studied were Passo Fundo, Porto Alegre and Santa Maria, chosen due 

to their importance in the Brazilian region where they are located. Prior studies concerning 

energy efficiency and public lighting indicators in these cities have shown that they represent 

the overall reality of Brazilian cities (Salvia, 2016). Table 4 presents some general information 

about them and also data about their public lighting system. 

 

City Area 
(km²) 

Population 
(inhab.) 

Average monthly 
electricity 

consumption 
(kWh/pole) 

Number of existing 
lighting points per 

capita (poles/inhab.) 

Percentage of 
LED bulbs in 
street lighting 

(%) 
Passo Fundo    783.4    184,826  48.31 0.11 2.4 

Porto Alegre    496.7 1,409,351  60.15 0.06 0.3 

Santa Maria 1,781.8    261,031  43.44 0.09 2.5 

Table 4. Characteristics of each studied municipality 

 

Regarding the consumption of electricity per pole, Porto Alegre is the city with the 

highest observed value, possibly due to the lower percentage of LED lamps used in public 

lighting. It is also the city with the lowest number of lighting points per capita, while Passo 

Fundo and Santa Maria have higher values. 
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To a greater or lesser degree, all municipalities have been implementing more efficient 

luminaires, either by replacing bulbs or adding new poles. The criterion for choosing the 

distribution of these investments is simple: the municipality introduces new poles and bulbs in 

those areas with a greater flow of people, vehicles and public transportation. Naturally then, 

most of the population has better access to this new infrastructure and tends to have a greater 

potential for savings. The use of LED technology is not yet a reality in cities, as these are only 

beginning to be introduced into the system as a whole. In fact, there is a smaller share of LED 

markets in Latin America in comparison to other regions (De Almeida et al., 2014).  

The use of alternative energy in public lighting does not yet occur in these cities (Salvia, 

2016), and although there is a certain interest in the use of this technology, it largely does not 

happen due to the high investment demanded. 

 

2.2.2 Hierarchical structure model 

 This methodology initially requires the definition of an objective to guide the analysis, 

which is defined as the choice of best practice to be implemented in each municipality. Further, 

criteria are defined to evaluate these practices. They are: the cost of the implementation of the 

practice; the electrical energy savings that it would represent if implemented; and the ease of 

implementation. The selection of these criteria was based on and adapted from two main 

sources: the TRACE tool (ESMAP, 2016) and the International Energy Agency's Promoting 

Energy Efficiency Best Practices in Cities program (Jollands et al., 2008), which suggest criteria 

or attributes to rate energy efficiency practices in cities, ranging from energy savings potential 

and initial implementation cost, to speed/timeframe of implementation to return on investment 

and transferability.  

According to Doumpos and Grigoroudis (2013), when using the AHP method, the number 

of judgments that must be made by decision makers increases alongside the number of selected 
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criteria and alternatives. In addition, the higher the number of criteria, the greater the number 

of comparisons that should be made, and this may also cause greater inconsistency within the 

results (Franek and Kresta, 2014). These arguments, along with the importance of using 

common terms to guarantee clear understanding and avoid hard questionnaires which could 

lead to high level inconsistence, contributed to the definition of three criteria for this work. 

Figure 2 presents the hierarchical structural model used in this study.  

 

 
       Fig. 2. Hierarchical structural model of this study 

 

2.2.3 Pairwise comparisons made by experts  

For the comparisons between criteria and the comparisons between the alternatives 

related to each criterion, Saaty's fundamental scale was used (Saaty, 1994). An online 

questionnaire was prepared and sent to public lighting experts in each city. This questionnaire 

contained the pairwise comparisons, in which the experts had to compare criteria and 

alternatives in pairs, in order to judge their preferred option. 

The public lighting experts were municipality technicians from the public lighting sector 

and professors of Electrical Engineering with expertise in the subject, as presented in Table 5. 

The common background of these experts is engineering and they share experience in public 

lighting, which were important conditions to ensure proper understanding of the questionnaire 
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and the proposed practices. It was not possible to have the same number of experts in each 

municipality because it depended on the availability of technicians and professors.  

 

Municipality/ 
Expert Gender Age group Professional qualification Job Time in Current 

Position 

Passo 
Fundo 

1 M 42 - 51 Electrical engineering Engineer and 
professor 28 years 

2 M 33 - 41 Electrical engineering Project engineer and 
professor 10 years 

3 M 26 - 32 Electrical engineering Professor 5 years 

4 M 26 - 32 Electrical engineering Professor 4 years 

5 M 33 - 41 Electrical engineering Engineer (City Hall) 5 years 

6 M 18 - 25 Electrical engineering Engineer 8 months 

Porto 
Alegre 

7 F 42 - 51 Electrical engineering Engineer – Purchasing 
sector (City Hall) 5 months 

8 M 26 - 32 Electrical engineering Project engineer and 
professor 1 year 

9 M 33 - 41 Electrical engineering Engineer (City Hall) 7 years 

Santa 
Maria 

10 M 26 - 32 Electrical engineering Professor 4 years 

11 M 26 - 32 Electrical engineering Professor 6 years 

12 M 42 - 51 Electrical engineering Professor 20 years 

13 M 33 - 41 Electrical engineering Professor 12 years 

14 M 33 - 41 Electrical engineering Professor 8 years 

15 M 33 - 41 Electrical engineering Professor 7 years 

16 M 42 - 51 Electrical engineering Professor 15 years 

17 M Acima 52 Civil Engineering Director (City Hall) 8 years 

Table 5. Background of the participants 

 

After receiving the completed questionnaires, the Expert Choice 11 software was used 

to obtain the results. The use of this software allows the combination of individual judgments 

leading to a combined final result for each municipality. 

 

2.2.4 Consistency and Sensitivity Analysis 
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Through the results generated by the software, the discussion of the results includes 

consistency and sensitivity analyses. The first one concerns the verification of the consistency 

ratio of the judgments made, which, according to Saaty (1991), should be less than 0.10, in 

order to indicate confidence in the judgment made. Otherwise, comparisons should be re-

evaluated by the experts. However, according to Scala et al. (2010) and Briozo and Musetti 

(2015), a consistency ratio with a limit of 0.10 is within Saaty’s guidelines, and higher values 

do not indicate an error in the method, but rather suggest a just data variation which caused an 

inconsistency. Further, these authors point out that using a consistency ratio of 0.20 as the upper 

limit still ensures reasonable results when the final judgments are combined. 

When a questionnaire is applied to several experts to state their views on a given topic, it 

is not always possible to ask them to review their judgments in the event of inconsistencies (in 

order to improve the ratio), and keeping all of their comparisons clear and consistent may 

present a certain level of difficulty when making several judgments. For this reason and 

considering that the individual judgments were also combined in this study, the value of 

consistency ratio was considered as 0.20. 

In addition to the consistency analysis, the sensitivity analysis verifies the variation of the 

results if there were changes in the criteria judgments. For a result to be considered reliable, it 

is necessary that even with a little variation in the criteria weight, the result of best practice 

chosen should be the same (Aragonés-Beltrán et al., 2014). 

 

2.3 Analysis of Impact of best practices in each city 

To represent the impact of the potential implementation of the chosen practices in the 

three municipalities, the energy savings calculator of the tool ‘TRACE’ from the World Bank 

was used. This calculator allows the simulation of different scenarios for each municipality, 

according to the selected practices.  
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By adding into the software information on current and post-upgrade number of street 

lights, cost of electricity, average run-hours for street lighting, sector energy spend and 

percentage and wattage of each type of bulb used, the calculator provides results on total energy 

savings (in GWh/year), total cost savings (in $/year) and percentage of improvement. 

Therefore, along with the results of the multi-criteria analysis, energy savings and financial 

saving scenarios are presented for each city, through a possible implementation of the selected 

practices. 

 

3 Results and discussion 

3.1 Best practices in Public Lighting 

Table 6 shows the description of each researched practice and its impacts. The Audit 

Program and Guide Elaboration are combinations of the World Bank's examples of best practice 

through the TRACE tool, considered together in this paper due to their similarity and 

application in case studies of the same context. Their assumption is based on the cities that still 

use very inefficient lighting, with technologies of high energy consumption and a high demand 

for maintenance. Evaluating the system through auditing may recommend interventions that 

include new technologies or small changes, that increase the lifetime of luminaires and reduce 

maintenance costs. 

 

 
Best practice Description Impact 
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A – Audit  
Program and 

Guide 
Elaboration 

This practice proposes the evaluation of the existing 
service, checking operations and maintenance, in order 
to help to identify appropriate measures to increase 
energy efficiency. Its main goal is to enable an overall 
assessment of the public lighting system to identify areas 
for improvement throughout the network. After the 
audit, it is possible to formulate a guide that specifies 
rules for acquiring new lamps and replacing defective 
ones, as well as other system maintenance. 

The application of this practice can 
contribute to energy savings, consequent 
financial savings and reduction of carbon 
emissions. In addition, system 
improvements generally contribute to the 
quality of life of the population and increase 
the sense of public safety. 

B – Retrofit 
Program 

The purpose of this practice is to act in the sense of 
renewing the public lighting system when appropriate. 
The use of retrofits can offer the same levels of lighting 
for lower energy consumption, also reducing carbon 
emission and system costs, which has a longer life. 
Moreover, this modernization contributes to reducing 
service interruptions, improving public health and 
safety. 

This practice, as well as the previous one, 
contributes to energy saving, financial 
economics, reduction of carbon emissions, 
increased quality of life and a sense of public 
safety. 

C – Alternative  
Energy 

Program 

The use of alternative energy in public lighting is still 
quite new, but with very positive results in cities that 
have already adhered to this practice. Its objective is to 
generate solar and wind energy to power the light poles, 
ensuring greater energy security and self-sufficiency in 
times of water crisis. 

Despite the higher initial investment, this 
practice favours financial economy, 
independence in terms of power generation, 
reduction of carbon emissions and 
contributes to more environmental 
awareness of the population, by seeing clean 
technologies being installed. 

D – 
Management  

Program 

The main objective of tele-management is for managers 
to have control, monitoring and remote operation of 
public lighting through a simple and functional system. 
This practice assists in the control of luminous intensity, 
facilitates the integration between systems and also 
enables the preventive action because it is possible to 
anticipate technical problems. In addition, it can also act 
to strategically time or dim the lights according to the 
needs of each area, which can significantly reduce 
energy consumption and provide adequate levels of 
lighting (in technical and public safety terms). 

The impact of the practice is related to 
savings in energy consumption and carbon 
emissions, ease of maintenance because the 
management has access to information about 
every piece of the system and prior planning 
is possible, as well as financial praise as a 
consequence of the mentioned factors. Other 
impacts include safety in terms of reducing 
facility risk, increasing service quality and 
tendency of short-term return on investment. 

Table 6. Summary of the researched best practices in Public Lighting 
Source: Elaboration of the authors by using information of Akker and Nhien (2011), Canadian Urban Institute 
(2011), EERE (2014), ESMAP (2009, 2011); PROCEL (2010), Siemens (2014), SNFOR (2016), US Department 
of Energy (2008), Vilaca et al. (2014), World Bank (2016a,b,c,d). 

 

 The Retrofit Program of Public Lighting aims to combat the use of inefficient lamps in 

public lighting. Inefficient lamps increase the consumption of electric energy by creating much 

more heat with comparatively little light generation in return. In addition, a lack of planning in 

the organization of lamps and luminaires – haphazardly dispersing light in many directions – 

increases their inefficiency. Therefore, the use of new technologies can significantly improve 

the efficiency of the system, in addition to its quality. 

The electricity consumed by most Brazilian cities comes from hydroelectric power, which 

is considered a renewable energy source. In countries with lower hydro potential, this electricity 
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tends to come from non-renewable sources, such as thermoelectric and nuclear power. 

Regardless of the source used, it is known that the incentive to develop alternative sources is 

high because of the resulting energy security that can be obtained, sustainability 

notwithstanding. In public lighting, a practice that began to be applied recently is precisely this 

greater incentive to develop alternative sources for the use of solar and/or wind potential, 

through the Alternative Energy Program in public lighting. One challenge when it comes to this 

practice is to combine the positive point of sustainability with financial viability, since the initial 

investment is high. 

The Public Lighting Management Program consists of remote controlling through 

applications that are connected to the internet. The use of wireless technology in the industry 

allows for the monitoring, control, measurement and management of the entire system, which 

improves its reliability and safety. Each point of light can be turned on and off at any time and 

a database stores its information, such as energy consumption and location. This practice also 

allows for the intelligent operation of the system according to weather conditions, traffic or 

according to the distribution network or power source, if there is more than one option. Real-

time monitoring extends lamp life and indicates when maintenance service is required 

(Siemens, 2016). Management can also be implemented to adapt the level of lighting according 

to the hours of the day, the needs of the city and activities of each region, since the demand for 

energy for lighting the public space usually increases in the first and last hours of the evening, 

but with little use during the middle of the night (World Bank, 2016b). 

Table 7 presents the classification of best practices according to the aspects that regulate 

the success of its implementation as well as the explanation of this relation.  

 

Best practice 
Framework according to Abdmouleh et al. (2015) (adapted) 

Aspects 
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Political Fiscal Financial Legislative 
Technological 

and 
environmental 

Audit Program 
and Guide 

Elaboration 

Greater 
effectiveness if 
supported by 

National, State or 
Municipal Plans 

 
Need for 

subsidies for 
implementation 

 Aims at greater 
system efficiency 

Retrofit 
Program 

Greater 
effectiveness if 
supported by 

National, State or 
Municipal Plans 

 
Need for 
financial 
incentive 

 Aims at energy 
savings 

Alternative 
Energy 

Program 

Greater 
effectiveness if 
supported by 

National, State or 
Municipal Plans 

Reduction of 
rates as a bonus 

and incentive 

Need for 
financial 
incentive 

 Aims at greater 
system efficiency 

Management 
Program 

Greater 
effectiveness if 
supported by 

National, State or 
Municipal Plans 

 
Need for 
financial 
incentive 

Need for tariff 
adjustment and 

non-fixing of 
lighting hours 

Aims at energy 
savings 

Table 7. Classification of best practices according to regulatory aspects of their success 

 

All of the best practices present the technological and environmental aspects as regulators, 

as they aim for energy savings, cost savings and a more efficient lighting system and are related 

to the use of new technologies. The same applies to the financing and political aspect, since, 

depending on the size of the municipality that aims to use it, any of the listed practices may 

require the need for financial incentives for implementation (such as forms of financing and 

public or private support) The listed practices tend to be more effective if supported by 

municipal, state or even national energy plans, which give greater subsidies to its 

implementation.  

The Alternative Energy Program also has a dependency on fiscal support, and 

municipalities that implement this practice may receive a reduction of duty rates as a bonus and 

incentive. In addition, the Management Program is a practice that can have better results if it is 

already related to legal changes, such as tariff adjustments and the need to fix daily lighting 

hours, which could hamper its implementation. 
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When commenting on the implementation of other practices, it is important to highlight 

that several of these studies can or should be applied together for a better overall result. This is 

the case, for example when Audit foresees the retrofit, or the Management Program helps in the 

use of alternative energies.  

 

3.2 Decision-making process for choosing best practices 

After receiving the answers of the questionnaires which contained the pairwise 

comparisons for experts to compare and judge criteria and alternatives, the data was entered in 

Expert Choice 11 software. Initially the consistency of the results for each decision-maker was 

verified. Five of the seventeen participants had their judgments annulled (since the 

inconsistency radio was higher than the maximum limit allowed), in order to obtain a more 

reliable result.  

Table 8 shows the obtained results after combining individual judgments and therefore 

leading to a combined final result for each municipality. Observing the overall consistency ratio 

of each studied city, it is noticed that the values are below 0.20 (which is the ratio considered 

in this paper), and also below the value of 0.10, recommended by Saaty. 

 
Practices Passo Fundo Porto Alegre Santa Maria 

Audit Program and Guide Elaboration 19,3% 36,7% 20,5% 
Retrofit Program 36,7% 38,6% 22,4% 

Alternative Energy Program 21,5% 8,6% 28,4% 
Management Program 22,5% 16,0% 28,6% 

Consistency ratio 0,04 0,04 0,03 
  Table 8. Results for each municipality 

 

The sensitivity analysis is conducted by slightly altering the weights assigned to each 

criterion in order to verify the response in the chosen alternatives. A reliable result is observed 

when the obtained conclusion does not change, even with a small modification in the weights 
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of the criteria. The analyses show that for changes up to 10% in the importance of the criterion 

– with the highest weight in each municipality (that was Energy Savings for all of them) – the 

results did not change significantly. It means that, in the event of the experts slightly changing 

their judgements, the result would still be the same.  

Expert Choice software provides graphic results that help to illustrate the analysis. In 

the X-axis there is the importance of the criterion, and the Y-axis shows the percentage 

preference for each practice, according to the given criterion weight. For Passo Fundo, as shown 

in Figure 3, even though the criterion weight changed, increasing or decreasing of around 0.6 

(60%), the Retrofit Program would still be considered the major preference.   

 

 

Fig. 3. Sensitivity analysis of Passo Fundo result 

 

 Figure 4 shows that, in Porto Alegre, changes in the Energy Savings criterion weight 

(0.4 or 40%) do not affect the result. In fact, for this city, there are two practices that can be 

considered most preferable: the Retrofit Program and Audit Program and Guide Elaboration. 

This is because their result is very close. It can be observed that as the importance of this 

criterion increases, so does the preference for the Retrofit Program practice. 
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Fig. 4. Sensitivity analysis of Porto Alegre result 

 

 In Santa Maria there is also the proposal of two practices: Alternative Energy and 

Management Programs. This is attributed to the fact that, as shown in Figure 5, both practices 

have close values of importance when considering the Energy Savings criterion weight (around 

0.65 or 65%), and the same is observed if the weight slightly increases or decreases.  

 

 
Fig. 5. Sensitivity analysis of Santa Maria result 
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After confirming the reliability of the analysis, the results indicate the practices of Retrofit 

Program for Passo Fundo, the Audit Program and Guide Elaboration and Retrofit Program for 

Porto Alegre and the Alternative Energy and Management Programs for Santa Maria.  

 

3.3 Analysis of Impact of best practices in each city 

The use of the energy savings calculator of the TRACE tool, which allows for the 

simulation of changes in the public lighting system, was performed based on three post-upgrade 

scenarios for each city. Table 9 shows the scenarios for Passo Fundo and each one advocates 

for the increase in the percentage of LED bulbs used in the system. It can be observed that the 

higher this percentage, the greater the overall contribution to energy savings and consequently 

greater financial savings can be obtained. As reinforced by Rabaza et al. (2013), designing and 

planning efficient public lighting installations and using cost-effective tools can not solely save 

money but also contribute to sustainable public lighting. Specifically by using LED lamps 

(Djuretic and Kostic, 2018; World Bank, 2016d), the quality of the service provided improves, 

along with high percentage of energy savings.  

 
Used lamp Current situation (%) Scenario 1 (%) Scenario 2 (%) Scenario 3 (%) 

LED  2.4 10.0 20.0 30.0 
Sodium vapor 96.6 89.0 78.0 70.0 

Metal halid 1.0 1.0 1.0 0.0 
Energy savings (GWh/year) 1  2 3 
Financial savings (US$/year) 74,243,50 192,459.50 277,143.80 

Table 9. Simulation of scenarios for Retrofit Program in Passo Fundo 

 

Table 10 shows the simulation for Porto Alegre, which is only taking the best practice of 

Retrofit into consideration. As for Passo Fundo, all scenarios advocate for the increase in 

number of LED bulbs used. The result is always positive, mainly due to the increase in the 

percentage of LEDs and their direct contribution to greater energy and financial savings. 

Despite the high investment that a lamp replacement of this magnitude would demand, the 
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results suggest economical deployment feasibility, as also discussed by Irsyad and Nepal (2016) 

in their case studies. The design of new street lighting installations or retrofit of existing ones 

should take into consideration all of the available means for optimal performance (Kostic and 

Djokic, 2009), therefore ensuring these energy and cost savings. 

 
Used lamp Current situation (%) Scenario 1 (%) Scenario 2 (%) Scenario 3 (%) 

LED  0.3 5.0 5.0 10.0 
Sodium vapor 85.0 80.0 85.0 80.0 

Metal halid 14.7 14.7 10.0 10.0 
Energy savings (GWh/year) 2  4 6 
Financial savings (US$/year) 242,988.10 434.070.00 646,815.10 

Table 10. Simulation of scenarios for Retrofit Program in Porto Alegre 

 

Table 11 presents the simulation for Santa Maria. It is important to note that in all 

scenarios, the use of the Alternative Energy Program increases the percentage of LED bulbs 

from 2% to 5%, since when using this system, it is usual to apply LED technology. Therefore, 

the change in scenarios was limited to varying issues related to the Management Program, 

including the number of hours with lamps on and their level of brightness. The first and second 

scenarios recommend a decrease in the number of run-hours per day. Scenario 3, however, 

would keep the bulbs on for the same duration as they are currently, except that the brightness 

level would vary overnight. For five hours, the bulbs should be at maximum power (100%), 

which would have normal luminosity. For approximately two hours, the bulbs should be at 

approximately 75% of their total brightness; and for five hours the bulbs should work at half of 

their potential power (50%). 
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Lamps on Current situation Scenario 1 Scenario 2 Scenario 3* 

Duration per day 11h 52min 10h 52min 9h 52min 11h 52min 

Average run-hours 
per year 

4330h 3970h 3600h 
1825 h (100%) + 

680 h   (75%) + 
   1825 h   (50%) _ 

Energy savings (GWh/year) 2  3 5 
Financial savings (US$/year) 170,005.00 318,101.60 501,032.15 

Table 11. Simulation of scenarios for Alternative Energy and Management Programs in Santa 
Maria 
*The average hours per year in this scenario was considered to be two equal parts divided between total system 
brightness (100%) and partial luminosity (50%) and a small part also with partial luminosity (75%). 

 

The third scenario is the most advantageous because of greater energy and financial 

savings. Its main highlight is the fact that it uses the same lighting period as the municipality 

currently has in place, without proposing that the lamps are turned off for a certain number of 

hours, but instead by ensuring greater efficiency when controlling the brightness level. As 

presented by Djuretic and Kostic (2018), Radulovic et al. (2011) and World Bank (2016b), 

projects with power regulation have proven to be feasible and lead to lower energy 

consumption, reduction of costs and emission of CO2, and good community perceptions.  

 

4 Conclusions and Policy Implications 

This paper aimed to present best practices in the field of energy efficiency in public 

lighting, in addition to the use of a multi-criteria method to select the ones that could be 

implemented in a set of studied municipalities. The limitations of this study reside on the fact 

that it focused on city level, the judgements were performed only by groups of engineers and 

the data refers exclusively to Brazil - as a case study. However, the methods used may also be 

applied elsewhere, especially in developing countries, since they tend to present the same 

weaknesses observed in Brazil, while developed countries are prone to have better 

infrastructure when it comes to public services.  
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The result obtained for the municipality of Passo Fundo recommends for the 

implementation of the Retrofit Program as a practice that would contribute to the sustainable 

management of the sector (36.7% of preference when compared to the others). These results 

corroborate with the political, financial and technological/environmental aspects of this 

framework made for this practice. This is because the use of technology, despite a possible need 

for initial investment, tends to result in environmental advantages. Legislation as an incentive 

for its implementation is becoming more and more important. By analyzing the impact of this 

practice in Passo Fundo, through the energy savings calculator, even the most conservative 

scenario already represents good results: by increasing the share of LED lamps in the system 

from 2,4% to 10%, energy savings of 1 GWh/year and financial savings of around 75.000 

US$/year can be expected.  

The result obtained for Porto Alegre points to the recommendation of two practices: the 

Audit Program and Guide Elaboration (36.7%) and Retrofit Program (38.6%). As for Passo 

Fundo, the results are in accordance with the political, financial and 

technological/environmental framework of this practice. The political incentive for the success 

of its implementation all but guarantees subsequent environmental benefits. If Porto Alegre 

increases the use of LED lamps from 0.3% to 5%, 2 GWh and more than US$ 240.000,00 can 

be saved per year, according to the results provided by the energy savings calculator.  

In Santa Maria, the recommended practices are the Alternative Energy Program (28.4%) 

and the Management Program (28.6%). In this city, all items of framing aspects are observed. 

The political aspect represents an incentive, mainly due to the fact that the municipality does 

not have a Management Plan for the sector of Public Lighting; the technological and 

environmental aspects are accounted for since the use of these innovative systems lead to 

environmentally positive results; and the financial aspect results in the implementation of the 

practices. In addition to these, there is the fiscal aspect, which is important because it represents 
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the possibility of the municipality receiving bonuses for applying efficiency actions. There is 

also the legal aspect, which strongly regulates the success of the Management Program, because 

existing legislation sets a specific number of hours for energy consumption billing in public 

lighting. If there were any changes in this limit imposed by the legislation, implementation of 

the practice would be much more successful. The best post-upgrade scenario for Santa Maria 

presents energy and financial savings of 5 GWh/year and 500.000,00 US$/year, respectively, 

by suggesting the same lighting period as the current system but with different brightness levels 

during the night.  

Energy efficiency in public lighting need to be included in local policies to guarantee its 

implementation. As already stated by other authors, public policy makers, among other 

stakeholders, need to be aware of the benefits of energy efficient lighting (Attia et al. 2017), 

and formulation of local policies and plans regarding efficiency in public lighting need to be 

integrated to local urban planning (Luong, 2015). 

The recommended practices for the sustainable public lighting project in the three studied 

cities can support the decision of local governments, but policy makers should be aware of the 

autonomy of complementing or adjusting these practices in order to meet their requirements 

and to be coherent with the current and/or targeted setting and their local reality. In addition, 

the proposed methodology can be used as a key model for other cities, especially in developing 

countries around the world. 
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