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ABSTRACT 

The prospects for a smart power system have been widely discussed in the global electricity sector. 

Decarbonization, Digitalization and Decentralization are considered the main key drivers for this 

power system transition and Brazil is no exception to this universal trend. A search of the literature 

revealed few studies which attempt to address the main challenges and opportunities towards a smart 

grid power system in Brazil. This paper provides an up-to-date assessment of the present and potential 

capabilities of existing and future technologies, regulations and policies and attempts to identify how 

these elements are interrelated. Our findings add to a growing body of evidence suggesting that 

policies for Distributed Generation (DG), Demand-Side Management (DSM) and new tariff schemes 
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are on a path of accelerated deployment in the country. The deployment of storage technologies, 

however, is at a slow pace of growth. We highlight the need to further develop new business models 

to address the various decentralized energy technologies and services that are emerging in the sector. 

The current net-metering system is considered a key issue to be addressed as this regulatory structure 

may shift the costs from DG to non-DG users. 

 

1.0 INTRODUCTION    

The growing demand for electricity over the past few decades is unquestionable, especially due 

to the growth of emerging economies, challenges brought by environmental issues and the constant 

search for the improvement of the quality of life, provided mainly by new technological processes 

[1]. Energy issues, together with other infrastructure sectors contribute significantly to the economic, 

technological and socio-environmental development of a country and present strong synergy and 

interdependence [2,3]. The increasing restrictions related to the use of fossil fuel resources and the 

challenges of exploiting the remaining hydropower potential are primarily because of the need for 

mitigating the climate changes impacts and reducing the social and environmental impacts related to 

the construction of new hydropower sources with large reservoirs, respectively. The need for 

substituting fossil-based energy fuel with more sustainable sources has been progressively growing 

due to global concerns about climate change and the use of Renewable Energy Sources (RES) have 

emerged as a high-priority solution for a sustainable, cost-effective and environmentally friendly 

energy system for the future [4]. The growth of population and the cities expansion brought about a 

set of new challenges associated with the increasing energy use. The emergence of smart grids, 

however, may provide a wide range of benefits particularly for the population of developing countries 

which includes the reduction of power outages (proved to be costly for local economies) and also 

reducing the levels of CO2 emissions. In addition to lowering bill costs, improving energy efficiency 

and increasing the reliability of the power system, the use of smart grids may also promote the 



 

 

 

3 

 

optimized utilization of renewable energy and reduce the system losses [5],[6].The combination of 

RES and energy efficiency measures are considered to be the main pillars of the energy transition 

towards a sustainable energy future [7]. The expected result of this energy transition is the 

contribution for decarbonization of its energy matrix. However, for the Brazilian electricity sector, 

the result might not be what is expected. This is mainly because the Brazilian hydropower 

regularization capacity has been decreasing considerably over the last decade and this has led to 

increased use of thermal electricity.New Brazilian government policies have been stimulating the 

insertion of Distributed Generation (DG) from RES, such as the case of the Normative Resolution (in 

Portuguese, RN) nº 687/2015 [8] which is an improved version of RN nº 482 [9], created in 2012, 

which regulates the grid connection of DG in the country. Over the past few years, the Brazilian 

government also proposed different tariff schemes focusing on household consumers. Traditional 

measures of energy conservation and efficiency have been also applied in the country, such as the 

National Electrical Energy Conservation Program (in Portuguese, PROCEL).  

In addition to the large-scale hydropower system, several other paradigms shift have been verified 

over the past years in the Brazilian electricity sector which pose important challenges for the energy 

decision making process towards a sustainable and resilient power system. This includes new 

government policies on renewable energy incentives [8,9]; an increasingly volatile consumption 

profile [10,11]; the possibility for the prepayment of electricity [12]; changes in electricity tariff 

composition [12,13]; the increasing environmental restrictions [14]; the falling cost and the increasing 

insertion of DG [9,15]; the high level of uncertainty brought by intermittent sources [11,16]; the 

prospect of conscious consumption [17]; the prospect for Demand-Side Management (DSM) 

strategies and storage technologies [16,18,19]; the new commercial and regulatory trends [9,15,20]; 

the developing and disseminating of smart grids and inserting electric vehicles [20,21]; among others. 

The adoption of these new technologies, e.g., DG, DSM, electric vehicles and smart grids are 

likely to happen not only due to direct financial gains for consumers but also considering the 
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consumers’ preference (e.g. behavior and socio-cultural factors [22]), which goes beyond the classical 

economic rationality mindset [16,23]. The current public policies for a smart power system in Brazil 

is addressed and evaluated in [24]. This last study also suggested the most promising public policies 

for the country based on the successful experiences of several developing countries. 

Therefore, the future trend is the establishment of several new complex features for the Brazilian 

electricity sector which requires an in-depth discussion in order to provide a high level of energy 

security and reliability [2,20]. Although recognizing several technical and economic problems related 

to the high penetration of RES, it is also important to identify the great opportunities that are emerging 

for the electricity sector. As a result of this complex set of changes expected for the future, in this 

paper, we address a lively discussion related to the main issues involving the opportunities, 

challenges, trends and latest developments of the Brazilian power sector towards a smarter grid 

structure. A search of the literature revealed few studies (such as in Refs [20,24,25]) which attempted 

to address the main prospects, challenges and opportunities towards a smart grid power system in 

Brazil. Our purpose is to provide an overview of how these features are interrelated and how it might 

affect the future of the power sector. This paper addresses the challenges and opportunities of a smart 

power system for the specific case of Brazil through a qualitative assessment approach. The literature 

review includes not only scientific papers but also reports, legal texts and other publications from 

government institutions and organizations of the sector. The strengths and innovative aspects of this 

study include an in-depth analysis of the new regulatory structure and its interdependence, which 

represents a fertile field for research in which technological development may go hand in hand with 

energy policy making. Moreover, given the still relative immaturity of smart grid technologies and 

related concepts the benefits of this analysis largely extend beyond the case addressed as the identified 

challenges, opportunities and policy implications can provide valuable lessons for other electricity 

systems. The remainder of the paper is organized as follows. Section 2 presents an overview of the 

main drivers of power system evolution worldwide. Section 3 addresses the main characteristics of 
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the Brazilian electricity system and the future projections regarding the overall installed system 

capacity. Then, in Section 4, the new trends for the Brazilian power sector are presented. Section 5 

presents a comprehensive concept map of the new technologies and its associated regulations for the 

Brazilian electricity sector. Section 6 draws the main conclusions of the paper, identifies relevant 

policy implications and outlines the possible avenues for further research. 

2.0 MAIN DRIVERS OF POWER SYSTEM EVOLUTION WORLDWIDE    

Recently, literature has considered Decarbonization, Digitalization and Decentralization the three 

main drivers of power systems evolution worldwide [26]. Figure 1 illustrates these main drivers and 

its associated elements based on Refs. [7,19,26–30]. The concepts illustrated in Figure 1 may be 

interrelated to each other. For example, the renewable energy integration of DG is strongly associated 

with the concept of Decentralization but is also related to Digitalization (e.g. the deployment of smart 

meters) and low-carbon systems (i.e. Decarbonization). 

Smart grids are fundamental for this energy transition and it can be used to support different policy 

goals. As reported by [28] “Smart grids are among the most significant evolutionary developments in 

energy management systems because they enable integrated systems, including decentralized energy 

systems, the use of large-scale renewable energy and major improvements in demand-side-

management”. Therefore, smart grid deployment is at the heart of the power system evolution as it is 

inherently related to new technologies and intelligent energy management through, the entire value 

chain from the generation to the consumers. The main impacts of a digitalized industry 4.0 on 

renewable energy systems is addressed in Ref. [31] for a case study in Germany. Recently, the concept 

of Energy 4.0 has appeared in literature which is strongly related to the Industry 4.0 concept. Energy 

4.0 refers to the digitalization of the energy sector which includes the use of advanced energy 

management systems and control algorithms. The transition to Energy 4.0 is considered a challenge 

for energy companies and the government worldwide.  
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Figure 1: Main drivers of power systems evolution worldwide ([7,19,26–30]). 

 

In order to achieve a full-scale decarbonized energy system, the use of RES together with Energy 

Efficiency Measures (EEMs) have been widely proposed in the literature [7]. Additionally, the entire 

world has been experiencing new opportunities through the 4th industrial revolution thanks to 

digitalization [26]. This latter concept would strongly impact the utilities through the new market 

models that are emerging for the sector such as the blockchain-based energy market models [29]. The 

blockchain technology in the energy field has recently emerged as a new market and business model 

such as discussed in [32]. Last but not least, decentralization of energy systems appears as a growing 

need primarily given the increasing growth of demand. The concept of decentralization [26] is 

strongly “linked to decarbonization and digitalization since the most of the generation units are RES-

based plants that must be coordinated in order to achieve security and efficiency”. The importance 
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of both concepts, i.e., decentralization and decarbonization of the power sector are also highlighted 

in [33]. 

For the next two decades (2020 – 2040) two possible potential trajectories for network 

development would appear namely larger networks (bulk) and smaller networks (micro) [30]. The 

need for both interconnecting large centralized renewable energy sources and connecting different 

countries and energy markets are related to the bulk power system development model whereas the 

distributed generation together with storage (i.e. prosumage) and the active customer participation 

are considered the main characteristics of the micropower system model. A mix of large and small 

networks is considered by literature [26,30] a more promising future regarding the development of 

the power system models. Ref. [26] highlights that different approaches for development models have 

been proposed by different regions such as the USA, EU and China, concerning the future 

configuration of its power systems.  

Figure 2 presents respectively the classical (centralized and unidirectional power system structure) 

and the future model (distributed and bidirectional power system structure) of the electricity system 

[34]. For the future model, there is a major paradigm change towards customer-centricity. This 

concept focused on consumer protagonism has been changed recently from “prosumer” (producer + 

consumer) to “prosumage” (producer + consumer + storage), representing a consumer with both 

energy generating capacity and energy storage capacity [35–37]. This type of consumer has some 

economic choices among self-supply, utility supply or partial utility and self-supply. According to 

[26] “the end users will play a crucial role as prosumers and as a provider of regulation services 

also through new business models empowered by digitalization”.  
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Figure 2: Classical and Future Model of the Electricity System (Adapted from [34]). 

 

The main drivers of power system evolution worldwide presented along with this 

section aimed to illustrate a brief overview of these relevant issues. The following 

sections attempt specifically to address the new directions for the case of Brazil. The new 

trends proposed by the government will be presented and discussed in order to develop a 

clear argument based on the carried out literature review. 

 

3.0 BRAZILIAN POWER SECTOR    

The aim of this section is two-fold. First, a brief overview of the main characteristics of the 

Brazilian electricity system is presented. Second, the future projections regarding the overall installed 

system capacity are outlined together with some barriers and challenges associated with the future 

system expansion. Since the creation of the Energy Research Office (in Portuguese, EPE) in 2004, 

the Brazilian power sector has faced a new phase. The coexistence between state-controlled and 

private companies and competition in generation and commercialization sectors can be considered 

the main characteristics of this new model structure for the power sector.  

Generation Transmission Distribution Retailing Customer

b) Future Model

a) Classical Model

Generation Transmission Distribution Retailing
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Brazil is considered one of the leading countries in installed renewable energy capacity in the 

world. The overall installed capacity in Brazil reached 162.8 GW in 2018 [38], of which 83.3% are 

from RES. According to the Brazilian Energy Balance (in Portuguese, BEN), in 2018, electricity 

generation was primarily composed by RES including 66.6% of hydropower; 8.5% biomass; 7.6% 

wind and 0.5% from solar power [38]. Figure 3 presents the overall Brazilian installed power capacity 

in 2017 [39] and the predictions for 2026 [16], 2040 [40] and 2050 [1] according to studies of different 

energy research institutions. According to [41], the Brazilian electricity consumption in 2050 is 

expected to increase by approximately 300% compared to 2013, which justifies the growing trend of 

the sector. 

 

 

Figure 3: Brazilian Installed Power Capacity (%) by Source for 2017 and Projections for 2026, 2040 and 2050 

([1,16,39,40]). 

 

Hydropower largely covers the overall renewable electricity production in the Brazilian power 

system. Although the hydropower is forecasted to remain the main power source in the future, the 

overall hydropower capacity (in terms of percentage), however, is projected to be lower for 2026, 

2040 and 2050 comparatively to the current installed capacity (see Figure 3). This decrease in the 
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hydropower share is primarily due to environmental restrictions for constructing new hydropower 

plants with large reservoirs in the future. The high dependence on rainfall and climate conditions can 

also severely affect the future hydropower expansion and their role in electricity production [2]. The 

high hydropower regularization capacity in Brazil is able to provide balancing services to allow 

higher integration of RES such as wind and solar power systems. Figure 4 illustrates the historical 

values for the Brazilian maximum storage capacity in GW (left axis) and the regularization capacity 

in months (right axis) between 2001 and 2017. Although the maximum hydropower storage capacity 

(in Portuguese, EAR) increased (in absolute terms) in the last years, the Brazilian hydropower 

regularization capacity has been decreasing considerably over the last decade as illustrated in Figure 

4 [42] . 

 

 

Figure 4: Brazilian Maximum Storage Capacity in GW (left axis) and the Regularization Capacity in Months (right 

axis) between 2001 and 2017 ([42]).  

 

In 2001, for example, the regularization capacity was slightly higher than 6.2 months. This means 

that considering the full availability of the reservoirs, the stored capacity would be able to supply the 

load for this period of time (6.2 months) without the need for other power sources. The regularization 
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capacity decreased by about 30% between 2001 and 2017 (from 6.2 months in 2001 to 4.4 months in 

2017) [42], which is mainly explained by the demand increase but also because of the growth in the 

overall installed capacity of run-of-river power plants. This trend is set to continue since the current 

and the future hydro projects will be dominated by run-of-river hydropower plants with limited 

reservoir capacity [43,44]. Thus, the challenge for the future is to provide a high level of flexibility 

from other power sources and from energy storage technologies that might be capable of linking 

geographic and temporal (daily, weekly and seasonal basis) gaps between energy supply and demand 

[45].  

The high share of several complementary non-hydro RES is expected also to diminish the 

dependency on hydropower and leading to a least-cost solution [46]. Hydropower is also considered 

a well dispatchable power source. Therefore, the Brazilian power system is not yet experiencing large 

frequency problems. However, as the wind and solar generation technologies grow up together with 

the decreasing storage capacity (see Figure 4) there would be some major problems related to the 

system frequency regulation. According to the decennial plan (in Portuguese, PDE) 2026 [16], the 

wind power capacity is projected to increase from 7.3% (2017) to 13.40% (2026) and solar 

photovoltaic (PV) is forecasted to have a significant increase from 236.2 MW (2017) to 9660 MW 

(2026) [16]. Assessing individual results for the PDE 2026 it is worth mentioning the contribution of 

“peak alternative” sources (5,74%), composed mainly by open-cycle thermal power plants, pumped 

hydroelectric, battery storage systems and the contribution of DSM measures [16]. To meet the load 

during peak usage hours, the expansion proposed by PDE 2026 is primarily in the Southwest region 

and on a small scale in the South region of the country.  

Supplementary planning studies related to the transmission interconnection system between 

Brazilian subsystems are required to improve the power system security and reliability. The 

possibility of future deployment of Time of Use (TOU) tariffs for electricity to reduce the peak 
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demand can also lead to reductions in the current expansion requirements, especially between 2022 

and 2026 [16]. 

For the future, the volatility of the demand together with uncertainties in fluctuating generation 

from RES will tend to increase in most countries, and Brazil is no exception. Consequently, thermal 

power plants are expected to develop a key role not only for baseload generation but also for flexible 

generation and system provision in the country [11]. In the case of Brazil, their role will be 

particularly relevant mainly between September and December, due to the lower hydropower storage 

level [16]. Thermal power plants already provide some system services, such as inertial response to 

maintain system stability in times of sudden generation loss or network fault. Additionally, the 

technological developments of thermal power plants will be needed to include new flexibility 

requirements, e.g., reduced startups and shutdowns, increased ramping rates, reduced minimum 

generation, and capacity to adapt to frequent load changes [47]. The Brazilian power sector is 

discussed with more details in [48] in which renewable scenarios are compared for technical, cost, 

emissions and risk parameters. The study [48] outlines the importance of seasonal complementarity 

of hydro and wind power for the future and also point out the determinant role of solar power, 

expected to moderate considerably the thermal generation in 2050 in the country. 

Therefore, for the next years, it is expected a paradigm shift in the Brazilian power operation and 

planning that might be well discussed in order to provide a high level of energy security and reliability 

[2]. In this context, the next section will discuss with some details about the last developments and 

new trends for the Brazilian power sector. 

 

4.0 NEW TRENDS FOR THE BRAZILIAN POWER SECTOR 

The aim of this section is to provide a broad picture of the last developments in the Brazilian 

electricity sector including the main technical and regulatory advances. A qualitative methodological 

approach [49] is considered to explore the current and future challenges and also the opportunities of 
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the power sector by using an archival and documentary research strategy. A three-step research 

process is followed in order to identify the new trends, challenges and opportunities for the future of 

the Brazilian power sector. The methodology approach is illustrated in Figure 5 which includes an 

(1) in-depth systematic literature review analysis1 in order to identify the research gap followed by 

the screening phase; composed by the (2) selection and eligibility and (3) the evaluation of the 

included papers.  

STEP 1

STEP

OBJECTIVE

In-depth systematic literature 

review analysis

Identification of the research 

gap

Selection and eligibility 

Comprises the selection and 

elegibility  of the most 

relevant information which 

includes both (1) scientific 

papers and (2) legal texts.

STEP 2 STEP 3

Evaluation of the included 
papers

The main challenges and 

opportunities emerged from 

the analysis are identified. 

METHODOLOGICAL CHOICE

Qualitative

RESEARCH STRATEGY

Archival and documentary 

research

RESEARCH NATURE

Exploratory

 

Figure 5: General methodological approach of the research.  

Based on our systematic literature review, Figure 6 illustrates the chronological flowchart of the 

prospective evolution of the main Brazilian technologies and regulations towards smarter grids.  

                                                           
1 The systematic literature review includes a comprehensive analysis of the main papers in the field but also consider 

the last published legal texts (i.e. laws, decrees and regulations) for the Brazilian power sector. 
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Figure 6: Chronological flowchart of the prospective evolution of the main Brazilian regulations towards a smart grid 

power system.  

The Geographic Information System (GIS) was proposed in 2008 to store and manage electrical, 

topology and structural parameters of the utilities. In addition to managing outages and then 

improving consumer’s satisfaction, this system also reduces information asymmetry. Further, in 

2009, the Power Line Communication (PLC) technology started being implemented to support the 

future deployment of the smart grids in Brazil. According to [50] “Power Line Communication (PLC) 

is a communication technology in which bi-directional communication can be done using existing 

power lines”.  
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The consumer was also targeted within this power system evolution. The small-scale DG was 

firstly introduced in the Brazilian power system through the RN nº 482/2012 [9]. Brazil's new smart 

metering regulation was set in 2012 by the RN nº 502/2012 aiming to support the deployment of 

smart grids. In order to foster the potential of Demand Response (DR) and minimize the differences 

between costs and revenues of the utilities [51], the Tariff Flag System (TFS) was implemented 

through RN nº 547 in 2013 [52]. Driven by the possibility of reducing electricity distribution losses 

and operational costs, improving utilities collecting revenues and reducing fraud, ANEEL approved 

the RN nº 610 in 2014 [12] regulating the electricity prepayment for a specific group of consumers. 

In 2015, ANEEL approved RN nº 687 [8] which is an improved version of the RN nº 482/2012 which 

has as its main goal to reduce some barriers for the development of DG in the country. The White 

Hourly Tariff (WHT) was further proposed by ANEEL in RN nº 733/2016 [13] and it is currently 

being implemented in the Brazilian electricity sector for household electricity consumers.  

By 2000, in order to support Research and Development (R&D) and energy efficiency (EE) 

programs, through the Law 9,991/2000 [53], the Brazilian government regulated the minimum level 

of investments that should be financed by the utilities for R&D and EE [54]. The “Energy Efficiency 

Law” was first established in the Brazilian power sector in 2001 through Law 10,295/2001 [55] which 

established, based on technical parameters, the minimum levels of energy efficiency for appliances 

and machines [56]. Further, in 2016, Law 9,991/2000 was amended by Law 13,280/2016 [57] which 

established that 20% of the fund for energy efficiency must be designated to PROCEL. The legal 

requirements (RN nº 819/2018 [58]) regarding the charging for electric vehicles in the Brazilian 

power sector was recently (June 2018) approved by ANEEL and it is considered the first published 

normative resolution about EVs in the country. Also, in 2018, the National Plan for Digital 

Transformation of Brazil was proposed through the Decree 9,319/2018.  

The growth in influence of the IoT (Internet of Things) worldwide stimulated the Brazilian 

government to implement its first regulation on this important topic through the Law 9,854/2019 [59] 
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which set the national plan for IoT in the country. This regulation is focused firstly on the industry, 

city, health and rural sectors. It is important to highlight that these IoT actions should be developed 

in agreement with the guidelines presented by the Decree 9,319/2018 [60] which presents the 

Brazilian strategies for its digital transformation and highlight the energy sector as one of the main 

pillars of the IoT regulation [27]. Further information about this plan can be found in Ref. [27].   

In order to obtain tangible policy implications for the Brazilian electricity sector, we have 

developed a comprehensive concept map, illustrated in Figure 7, regarding the new technologies and 

its associated regulations for the Brazilian electricity sector. Next subsections (4.1 to 4.8) will 

describe with some details these last developments in the Brazilian electricity system regarding the 

new normative resolutions and its expected impacts on the power sector. 
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1
These tariff schemes are dependent on the deployment and availability of smart meters.

2
DG in Brazil was implemented using the net-metering system.

3
The new tariff schemes created by ANEEL aims to foster DR.

4
Consumers who adopted the WHT or those who have a micro or mini DG system connected to the grid are not allowed to 

adopt the prepayment system.
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Figure 7: Concept map of the main Brazilian regulations toward smarter grids.  

The concept map presented in Figure 7 briefly describes how the new technologies are connected 

with the new regulations/laws. To give a well-known example for the sake of clarity, distributed 

generation is regulated by RN nº 687/2015 which is an improved version of RN nº 482/2012. New 

tariff schemes are particularly illustrated by a new category by using a different color and they are 

broadly divided into the TFS, WHT and electricity pre-payment which are regulated respectively by 

RN nº 547/2013, RN nº 733/2016 and RN nº 610/2014. 
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4.1 Tariff Flag System (TFS) 

The Tariff Flag System (TFS) proposed by the Brazilian government aims to be threefold. First, 

it attempts to foster the potential of DR by increasing electricity tariff [51]. Second, it aims to optimize 

the electricity system and energy resources usage [61]. The TFS would also minimize the differences 

between costs and revenues of the utilities in the Brazilian power sector [51]. This system was 

proposed by the Brazilian Electricity Regulatory Agency (ANEEL) in 2013, and it is regulated by the 

RN nº  547 [52], although the starting point of its implementation is dated to 2015. The main objective 

of the TFS is to reflect monthly the real cost of electricity in order to promote consumer awareness 

[25,62]. Therefore, the TFS might be considered a short-term signal which reflects the current power 

generation costs, which is strongly related to the thermal power plant dispatch [51,63]. Before the 

existence of the TFS, the cost of electricity purchased by the utilities was computed annually and 

consequently, the tariff adjustment took effect once a year. For the TFS scheme, the generation costs 

of electricity are monthly flagged to consumers, giving them the opportunity to adapt their electricity 

consumption. Basically, the monthly flag is defined considering the overall required thermal power 

dispatch, according to the hydropower storage availability [64]. The monthly signals are triggered 

based on the Difference Settlement Price (in Portuguese, PLD) which corresponds to the spot prince 

in the Brazilian electricity market [51]. Thus, the TFS might be considered as warning signals to 

consumers [65].  

The flags are divided into Green, Yellow and Red types. Since its implementation in 2015, the 

costs for the yellow and red flags have been changing over the years. Recently (May/2019), ANEEL 

improved its calculation methodology of the monthly flags by also including the Generation Scaling 

Factor (GSF). The green flag represents no additional costs in the final electricity tariff whereas the 

yellow flag represents an increase of 0.015 R$/kWh. The red flag is divided into two baselines, 

representing an increase of 0.040 R$/kWh (baseline 1) and 0.060 R$/kWh (baseline 2) as summarized 

in Figure 8.  
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YELLOW

RED

BASELINE 1

GREEN

RED

BASELINE 2

 MEDIUM COST  TO PRODUCE ELECTRICITY

 HIGH COST  TO PRODUCE ELECTRICITY

 LOW COST  TO PRODUCE ELECTRICITY

 HIGH COST  TO PRODUCE ELECTRICITY 

INCREASE OF R$ 1.50 FOR EACH 100 kWh 

CONSUMED

INCREASE OF R$ 4.00 FOR EACH kWh 

CONSUMED

NO INCREASE 

INCREASE OF R$ 6.00 FOR EACH 100 kWh 

CONSUMED

TARIFF FLAG CONDITIONS INCREASE IN THE TARIFF

 

Figure 8: Characteristics of tariff flags scheme for the Brazilian electricity sector ([52,66], values established in 2019).  

The authors of [67] evaluated the economic impact of the TFS for both the Brazilian utilities and 

the consumers. The work addressed in [51] performed a comprehensive analytical review of the TFS 

program. The authors analyzed qualitatively and quantitatively the expected results of this mechanism 

for both utility companies and consumers from different perspectives. The new risk-averse 

methodology was employed by the authors using real information on the Brazilian electricity system. 

The simulation results allowed to conclude that the TFS would promote a reduction of thermal 

dispatch, an increase in the overall storage level and the reduction of the overall operating system 

cost [51]. From the point of view of utilities, a loss of revenue is expected due to the reduction in the 

overall electricity consumption. 

 

4.2 White Hourly Tariff (WHT) 

Some pricing mechanisms have been used by ANEEL, expecting that different rates at different 

times can effectively drive desired end-user consumption behavior [68]. For open-loop price-based 

control strategies, it is expected that higher electricity prices lead to lower consumption at peak 

demand times. For large consumers (supply voltage equal to or greater than 2.3 kV), TOU rates have 

already been implemented (called blue and green tariffs) promoting a positive impact on shifting peak 
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load. Critical Peak Pricing (CPP) and Real-Time Pricing (RTP) has not yet been implemented in the 

Brazilian electricity market.  

The White Hourly Tariff (WHT) was created by ANEEL through RN nº 733/2016 [13] and it is 

under implementation in the Brazilian electricity sector for household electricity consumers based on 

the calendar defined in [69]. This new tariff scheme might be considered the first hourly tariff ever 

implemented for this type of consumer in the country [13]. The new tariff is optional for household 

electricity consumers and results on different electricity prices throughout the day as shown in Figure 

9 [25,69].  

 

Figure 9: White Hourly Tariff versus Conventional Tariff ([69]). 

 

The WHT is divided into on-peak period (three hours per day on weekdays), intermediate period 

(an hour before and after the one-peak period) and off-peak period (composed by the remaining hours 

of the day plus the weekdays and holidays). The WHT results then on three price levels as shown in 

Figure 9 [13,25,69] comparatively to the conventional flat tariff.  

The main reason for implementing this new rate regime (i.e. WHT) is to encourage household 

electricity consumers to reduce their consumption, especially during peak demand periods (between 

06 p.m. and 10 p.m.) and thus optimize the generation and transmission investment decision-making 

process [13,25,64]. The possible benefits of the WHT should be well presented to consumers, giving 
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them the possibility to choose or not to choose this new rate regime considering their load profile and 

consequently getting economic advantages from its choice. 

 

4.3 Electricity Prepayment 

According to [70], the prepayment system has been implemented in develop and developing 

countries, primarily motivated by the possibility of reducing electricity distribution losses and 

operational costs, improving companies collecting revenues and reducing fraud. From the consumers’ 

perspective, experiences show that they feel empowered to manage and control billing cost and 

consumption using the electricity prepayment system.  

In addition to the TFS and the WHT schemes, ANEEL approved the RN nº 610/2014 [12] 

regulating the possibility of electricity prepayment for a specific group of consumers (mostly focused 

on household electricity consumers) in Brazil [12,71]. The electricity prepayment system is supposed 

to offer advantages for both consumers and distribution companies. From the consumers’ point of 

view, the electricity prepayment allows them to better control their budget, promotes a better quality 

of life and social inclusion and it might also reduce the risk of disconnection. The avoidance of debts 

and fees is considered an additional benefit for consumers. Higher consumer satisfaction, reduction 

of operational costs and billing reclaims, the anticipation of revenues and decrease of non-technical 

losses are considered the main advantages of the electricity prepayment system from the utilities’ 

point of view. 

In Brazil, the utilities are supposed to provide all the prepayment meter acquisition costs [12]. The 

shift from the post-payment to the prepayment system is voluntary and free of charge for consumers 

[71]. Additionally, consumers can freely migrate between systems, i.e., prepayment and post-payment 

system [12]. Ref. [70] highlight the importance of defining the group of consumers that can adopt the 

prepayment system especially due to the high level of investment costs. In this sense, in Brazil, some 

type of consumers are not allowed to adopt the prepayment system, e.g., consumers that adopted the 
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WHT or those who have a micro or mini DG system connected to the grid [12]. The electricity 

prepayment and the WHT are dependent on the deployment and availability of smart meters. 

Therefore, the next subsection will present a brief review and the current state of smart metering 

deployment in the Brazilian electricity sector. 

 

4.4 Smart Metering 

Although there have been some advances in the Brazilian regulatory structure, many gaps still 

stand as a barrier to the development of smart grids. According to [21], smart grids will be at an 

intermediate level of development in Brazil by 2030. A disruptive project towards a smart grid power 

system has been recently proposed by a state-controlled electricity company in the country (in 

Portuguese, Companhia Paranaense de Energia – COPEL). This project is based on the 

implementation of an Advanced Distribution Management System (ADMS2) which will support the 

optimization of the distribution grids of the Paraná state by also enabling the self-healing process. 

The implementation of this project is projected to start in 2019 and it is designed to last about three 

years [72]. A set of other pilot programs regarding the implementation of smart grids in Brazil is 

better described in Ref. [73]. 

Ref. [73] reviewed the experiences of developing countries towards a smart grid power system 

which included particularly the analyses of Brazil and India. Concerning the case of Brazil, Ref. [73]  

highlighted the efforts of the Brazilian government to enable the deployment of smart grids since 

2008. The authors also pointed out the main challenges of the country which are reinforced by its 

continental dimensions which would difficult the smart grid deployment in remote areas such as in 

                                                           
2 ADMS is composed by a set of subsystems namely, Energy Management System (EMS), Supervisory Control And 

Data Acquisition (SCADA), Distribution Management System (DMS), and the Outage Management System (OMS) 

[72]. 
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the Amazon and rural areas. The problem of illegal connections and the lack of regulation in the 

sector are also considered additional barriers to the smart grid deployment.  

The deployment of smart meters is a fundamental step in the deployment of smart grids.  Smart 

metering is considered an emerging and current development technological system in Brazil and the 

main challenges related to its implementation mostly rely on technical and regulatory aspects [21]. 

ANEEL edited the RN nº 502/2012 [74] which regulates the energy metering systems for consumers 

of group B (e.g. household electricity consumers). Two types of smart meters were proposed by 

ANEEL. The first one is targeted for those consumers who chose the WHT scheme. In this case, the 

smart meter should be installed at no initial costs to consumers. The other type of smart meter presents 

additional functionalities and provides access to specific information to consumers. Consumers that 

chose this latter smart meter have to pay a price difference between this one and the former [74]. 

Smart Meter deployment is considered an important enabler to the adoption of new tariffs, e.g., Time-

Of-Use (TOU), Critical Peak Pricing (CPP) and Real-Time Pricing (RTP). TOU rates have already 

been implemented in the Brazilian electricity market (e.g. WHT). CPP and RTP have not yet been 

implemented in the Brazilian electricity market.  

A comparative analysis regarding the smart meter policies in Europe and Brazil was addressed in 

[21]. The authors suggest that Europe policies consider the multiplicity of stakeholders involved in 

the technology, creating better conditions for investments and consumer engagement, differently from 

Brazil, in which only the electricity regulator takes the decisions by itself. Findings of this study 

suggest that Brazil’s government might present an economic assessment to guide the technology 

deployment of smart meters and then providing consumer engagement. Therefore, smart meter 

adoption for household electricity consumers in Brazil is a difficult task to predict due to limited 

consumer knowledge and awareness. Regardless all the benefits related to the development of the 

smart meters, the lack of support, incentives and proper information dissemination about the possible 

benefits of the smart meter technology might not result in the expected benefit for both consumers 
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and utilities [21]. Literature also supports the need for a general assessment framework to evaluate 

the economic benefits brought about the use of the smart meters [21,24]. These uncertainties also 

cause difficulties for distribution utilities, mainly because they need to make the initial investments 

in the smart meters [21]. Ref. [75] studied the smart meter adoption in Indonesia and concluded that 

the critical determinants of consumer acceptance of smart meters were mostly related to its usefulness 

and ease of use.  

Utility companies of the Brazilian sector might also develop policies and strategies for the 

dissemination of the smart meter technology. Currently, the use of smart metering in Brazil is 

restricted to pilot smart grid projects of specific distribution utilities. Future studies should focus on 

measuring consumer propensity to adopt smart meters in residential buildings and investigate the 

perceptions and behaviors of electricity consumers with regard to the potential deployment of smart 

meters in the country. 

 

4.5 Distributed Generation (DG)  

New Brazilian government policies have been stimulating the DG from RES (although the current 

insertion of DG is still relatively small in Brazil), primarily since the creation of RN nº 482/2012, 

which regulates the grid connection of DG in the country through a net metering system [9]. There 

are several factors that have been contributing to the DG evolution in the Brazilian electricity sector, 

e.g., the increasing demand for electricity, restrictions for constructing new hydropower plants with 

large reservoirs, concerns about climate changes, regulatory incentives, e.g., RN nº 482/2012 [9] and 

RN nº 687/2015 [8], cost reduction in solar PV and wind systems and also the electricity tariff increase 

over the past years.  

Recently, ANEEL approved RN nº 687/2015 [8] which is an improved version of RN nº 482/2012, 

reducing some barriers to the development of DG in the country. These changes include a larger range 

over the installed capacity (i.e. between 75 kW and 5 MW); increased validity of credits from 36 to 
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60 months; and two new business models were created namely the possibility of shared generation 

between consumers and the possibility of installing DG in apartment complexes. RN nº 687/2015 

also made a set of adjustments in the procedures of utilities for connecting the DG to the grid in order 

to make the process faster and simpler to consumers. Regarding the future projections for micro DG, 

Ref. [15] outlines a significant increase in the number of new consumers that will adopt micro DG in 

residential and commercial sectors reaching up to 886,700 new consumers and a total installed 

capacity of 3.2 GW in 2024 as illustrated in Figure 10 [15]. 

 

Figure 10: Distributed Generation Projection for the Period 2017 - 2024 [15]. 

 

DG has been implemented in the Brazilian electricity sector using the net-metering system in 

which the electricity injected into the grid is valued the same as the electricity consumed from the 

grid [9]. The net-metering system together with the use of the monomial tariff might bring a problem 

for the balance of electricity tariffs for utility companies [16]. By 2024, EPE projected a decrease in 

revenues of approximately 1.1% for distribution utilities in comparison to 2016 due to the DG 

insertion. According to Brazilian utilities, there is no adequate incentive to modernize distribution 

networks or even investing in new technologies considering the current sector regulation [76]. In this 

sense, structural changes in the distribution sector are projected for the near future in order to 

minimize the economic problems brought about by the DG insertion. The growth of DG in the 
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Brazilian electricity sector is expected also to affect the electricity supply quality of distribution 

utilities and consequently its operational costs. It is worth mentioning that the quality of the grid 

supply can be severely affected by voltage and frequency fluctuations produced in power systems 

with high levels of RES penetration [77].  

 

4.6 Demand Side Management (DSM)  

Along with this subsection, the concept of DSM will be broadly used to refer to both energy 

efficiency measures and strategies that affect the resources on the demand-side. This last concept is 

mostly related to Demand-Response (DR) measures. As reported by [78], “the implementing of 

managerial measures to produce the resources on the demand-side by influencing the load demand” 

can be defined as DSM. DSM strategies have been developing overtime to deal with the economic 

and environmental challenges brought by the expansion of supply-side energy resources. It is worth 

mentioning that the low DSM contribution of the Brazilian electricity sector aggravated and extended 

the energy supply crisis in 2014 due to the severe drought occurred in the country leading to a 

significant increase of generation from thermal power. 

DR aims primarily to encourage end-users to reduce electricity usage by certain incentive 

schemes, especially when electricity prices are high [79]. According to the U.S. Department of 

Energy, DR can be defined as “changes in electric usage by end-use customers from their normal 

consumption patterns in response to changes in the price of electricity over time, or to incentive 

payments designed to induce lower electricity use at times of high wholesale market prices or when 

system reliability is jeopardized”. Ref. [80] reviewed the different categories of DR potentials and 

concluded that there is a lack of understanding among literature regarding these different categories 

and proposed the unification of these different classifications.  

In Brazil, the potential of DR is considered by authorities an important variable to delineate the 

medium and long-term electricity expansion planning [16]. It is worth mentioning that changes in 
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tariff schemes promoted by ANEEL may considerably motivate price-based DR programs in Brazil. 

Ref. [18] emphasize the great potential of Brazil for wider penetration of DR programs in the future. 

From November 2017, the Brazilian Electricity Regulatory Agency (in Portuguese, ANEEL) 

implemented a DR pilot program for large industrial consumers located in the North and Northeast 

of the country [81]. For this DR program, the consumer decides about the time and the amount of 

load reduction bids and load recovery [82].  

Additionally, considering the high demand increase and consequently the new projected 

generation power sources that should be installed in the future, DR might bring a significant positive 

impact on the Brazilian power system, by contributing to reducing the overall installed capacity 

projected by official Brazilian institutions and enhancing the power system security and reliability. 

In fact, most future projections do not consider the DR contribution. Finally, it can be concluded that 

many challenges and barriers associated with DSM deployment still exists although many advances 

have been observed over the past years. The outcomes of this review also lead to the conclusion that 

there is a significant gap between the current levels of DSM and the total potential available in Brazil.  

 

4.7 Storage Technologies 

The future of RES-based systems deployment is strongly linked to energy storage options and 

consequently to decentralization and decarbonization policies [26]. Much of the attention in previous 

research has been to consider different methodologies for coupling RES and storage systems such as 

in [83] and [84]. Some of the problems brought by the increasing RES-based systems with great 

unpredictably and variability, e.g., frequency regulation, can be smoothed by the support of fast-

responding storage technologies (e.g. hydro-pumping power stations, which are considered the most 

common storage technology across the world). On the other hand,  hydro-pumping power stations 

might not be considered well suited to the DG model since it cannot be deployed in urbanized areas 

[26]. 
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Currently, Brazil has one of the highest capacity ratios for Hydropower/Renewable and 

Renewable/Electricity generation in the world. Therefore, Brazil reached a high share of RES (mostly 

based on hydropower) without significant problems on its power system operation. This fact can be 

explained by the high degree of flexibility offered by natural gas power plants. Thus, currently, there 

are quite a few operational storage projects in the Brazilian power system [85] and few studies which 

address this issue. Therefore, the deployment of storage technologies is at a slow pace of growth in 

the country. However, the significant changes expected for the near future, such as the new market 

structure and the decreasing of storage capacity (see Figure 4) would require substantial changes and 

new frameworks to support the increasing share of renewables, e.g., the deployment of fast energy 

storage resources such as batteries and flywheels. Ref. [85] addressed the role of storage technologies 

for the case of the Brazilian power system and concluded that the most promising technologies are 

batteries, pumped hydro-storage, flywheel and compressed air energy storage.  

There is also a historical lack of funding in storage technologies research in Brazil mostly because 

of its high hydropower system. However, in order to foster investments in storage technologies, 

ANEEL proposed a Research and Development (R&D) program in 2016. This R&D program is 

focused on Battery Storage Energy Systems (BESS) technologies and 23 proposals were approved 

from different distribution companies of the country [86]. 

 

4.8 Electric Vehicles 

The transition towards a sustainable future is strongly related to the deployment of smart 

technologies (e.g. smart charging for electric vehicles) [7,87]. Following this idea, the Brazilian 

government approved RN nº 819/2018 [58] which establishes the legal requirements regarding the 

charging for electric vehicles in the Brazilian power sector. This is considered the first normative 

resolution about EVs ever implemented in Brazil. RN nº 819/2018 aims to reduce the uncertainties 

to entrepreneurs who wish to invest in the development of the infrastructure for charging electric 
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vehicles. This new normative resolution also enables to the utility distributor installing in its area of 

concession electric vehicles charging stations. Therefore, public or private EV charging stations are 

allowed in RN nº 819/2018 to transfer electricity to the battery of EVs. It worth mentioning that RN 

nº 819/2018 does not allow the bidirectional power flow between the battery of the EV and the power 

grid as well as the participation in the electricity compensation system, regulated by RN nº 482/2012 

[58]. The number of recharging points shall be equivalent to the maximum number of electric vehicles 

that can be connected and charged simultaneously in each station [58].  

5.0 SUMMARY AND DISCUSSION 

  

It is well known that the global electricity sector has been witnessing a significant share of 

innovations together with a high increase in renewable energy, and Brazil is no exception. 

Decarbonization, Digitalization and Decentralization of the energy sector will be the main three key 

drivers of the power system evolution. These main drivers would also promote important benefits for 

the country, but it requires potential changes in the current structure of the electricity sector. This 

section aims to present a lively discussion and some of the main policy implications regarding the 

prospects for a smart power system in Brazil. 

The shift towards low-carbon economies throughout the integration of renewable energy is 

intensifying the disruption of traditional utility business models. For the future, utilities would change 

its traditional business models by providing ancillary services to end-users through innovative 

contracting offers, e.g., smart contracts which could include the energy price, quantity and date of 

delivery. Therefore, the development of innovative approaches to fulfill this new market would be 

required. This coming up future would be also disruptive from the point of view of the Distribution 

System Operators (DSO) and Transmission System Operators (TSO), affecting substantially its role, 

since new actors would appear on the energy market due to the new business models. It is worth 



 

 

 

30 

 

mentioning that in agreement with [88], the shift towards low-carbon economies throughout the 

integration of renewable energy is intensifying the disruption of traditional utility business models. 

The economic and risk analysis of small-scale PV systems in Brazil was recently addressed by 

Ref. [89]. Ref. [90] assessed the impact analysis of wind power mini-generation for industrial 

consumers considering different tariff modalities in Brazil. The role of DG for the different 

stakeholders (e.g. consumers and distribution companies) has received increased attention in recent 

years in Brazil. Understanding the complexity of the trade-offs of increasing DG is vitally important. 

Specialists have been criticizing RN nº 687/2015 since it does foresee the possibility of the energy 

commercialization, but it rather defines a “sharing” mechanism. The possibility of trading the excess 

of electricity produced by DG systems could help to pave the way towards potential new business 

model that would make DG more competitive in Brazil. Recently (2018), ANEEL collected a set of 

contributions through a public consulting process (CP nº 10/2018) which aimed the enhancement of 

the current DG regulation established firstly by RN nº 482/2012. One of the most significant current 

discussions is related to the need for changing the current net-metering system. For the most part of 

consumers which already have a DG system installed, the maintenance of the current regulation 

should proceed, driven by the benefits brought about this technology to the society. On the other 

hand, from the non-DG users’ point of view, the current regulatory system shifts the costs to them, 

and this is not considered a sustainable measure for the long-term. The Brazilian government, through 

ANEEL, evaluated five different alternatives for the current net-metering system by looking at two 

sides [76]. The first side refers to the consumer who still has or intends to install a DG system and 

the second side refers to the non-DG users. Findings of Ref. [76] revealed that non-DG users would 

pay a higher share of the overall costs in the case of maintaining the current net-metering system. The 

general issue of cross-subsidization has been also discussed by literature such as in [91] and [92]. 

Ref. [92] highlight the problem brought about the net-energy metering system “leading to cross-

subsidization of DG network users by customers without DG”. This problem could be surpassed by 
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using hourly tariffs. However, for the case of Brazil, this is not yet a reality and other solutions should 

be found to address this problem at least for the short-term. Ref. [93] analyzed the use of a price-

based demand response program together with photovoltaic distributed generation and concluded that 

regulatory changes would be necessary in order to stimulate the use of DR with these DG 

systems. The authors of [93] also highlight that the simultaneous use of a price-based DR program 

with a photovoltaic distributed generation system may not be economically attractive for the WHT 

non-flat tariff. Therefore, improvements on the current DG regulation were also proposed. 

The deployment and dissemination of DG, DSM strategies and storage systems are expected to 

reduce the need of consumers to be supplied by the network grid and are expected to play a growing 

role in balancing electricity demand and supply in the future. DSM has become a key instrument 

available to the electricity sector and has the potential to postpone capital investments to expand 

primarily distribution and sub-transmission systems. The new tariff schemes created by ANEEL (e.g., 

tariff flag, WHT and the electricity prepayment) aim to foster the potential of DR and specifically 

may motivate price-based DR programs in Brazil. The development of smart grids enables the 

implementation of DSM measures. The smart meter deployment is also considered essential to enable 

the implementation of the WHT scheme. Given the increasing electricity demand growth rates and 

consequently the new projected power sources that should be installed in the future, DSM might 

significantly contribute and affect positively, reducing the total installed capacity projected by 

Brazilian institutions and also enhancing the power system security and reliability. In fact, most part 

of future projections does not consider the DSM contribution. Thus, the future projected installed 

capacity might be oversized.  

The delay in smart meter deployment affects considerably the development of the new tariff 

schemes and consequently underusing Brazil’s DSM potential already available. As discussed earlier, 

for those consumers who adopted the WHT, the utilities should install the smart meter with no initial 

costs for the customer. This smart meter, however, has only a few functionalities. We highlight the 
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potential that should be achieved, mostly from the customer point of view, if a modern smart meter 

would be installed and thus allowing them to manage their energy consumption profile more 

efficiently. It is worth mentioning that this smart meter is already available, but the customer should 

pay the difference between this smart meter and the conventional one. 

New technologies are also gaining considerable attention worldwide such as power-to-gas, power-

to-heat and power-to-mobility, but they are not on a path of accelerated deployment in the case of 

Brazil [19,46]. The new trends and regulatory aspects that have been proposed for the Brazilian 

electricity sector are correlated and occasionally mutually dependent as detailed in Table 1 which 

summarizes the last Brazilian regulations concerning the electricity sector and the main future trends 

expected to be implemented in the country. A set of highlights are presented aiming to discuss the 

main aspects of each trend considering the studies addressed by literature and the expected time 

horizon of each trend. Most of these highlights can be seen not only as challenges for the stakeholders 

of the power sector but also as important academic problems to be addressed in future research 

targeting Brazil and other countries moving towards smarter electricity systems. 

 

Table 1: Summarize of the smart grid trends and prospects for the Brazilian electricity sector. 

Technology/ 

New Trend and 

Regulation 

Time-

horizon3 

Highlights Literature 

TARIFF FLAGS 

 

RN nº 547/2013 

Already 

implemented 

(Regulated in 

2013 and 

implemented 

in 2015) 

 The main aim is to reflect the real cost of electricity generation and 

promote consumer awareness. 

 The monthly flag is defined considering the required thermal power, 

according to hydropower availability. 

 It attempts to foster the potential of Demand Response (DR) by 

increasing the electricity tariff and also minimize the differences 

between costs and revenues of the utilities. 

[25,51,52,61,64,65,94] 

                                                           
3 The time-horizon was established consider the first consumers’ adoption of the new technologies and it was stablished 

based on the literature review. 
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 TFS would promote a reduction of thermal dispatch, an increase in the 

overall storage level and the reduction of the overall operating system 

cost. 

 A loss of revenue for utilities is foreseen due to the reduction in the 

overall electricity consumer’s consumption. 

 The costs for the yellow and red flags have been changing over the years 

and currently, the calculation methodology includes the Generation 

Scaling Factor (GSF). 

WHITE 

HOURLY 

TARIFF4 

 

RN nº 733/2016 

Short-term 

(available 

since January 

01, 2018) 

 The WHT is a type of TOU rate in which electricity tariffs are 

differentiated along the day in on-peak, intermediate (mid-peak) and 

off-peak periods. 

 This new tariff scheme is considered the first hourly tariff ever 

implemented for household electricity consumers in Brazil. 

 The main reason for implementing this new rate regime is to incentive 

household electricity consumers to reduce their consumption, especially 

during peak demand periods (between 06 p.m. and 10 p.m.) 

 The possible benefits of the WHT should be better presented to 

consumers, giving them the possibility to choose or not to choose this 

new regime rate considering their load profile. 

 This new tariff scheme might optimize investments in generation and 

transmission in the future. 

[13,25,64,65,69] 

ELECTRICITY 

PREPAYMENT4 

 

RN nº610/2014 

Short-term (1 

– 5 years) 

 Prepayment system is supposed to offer advantages for both consumers 

and distribution companies. 

 The system has been primarily motivated by the possibility of reducing 

electricity distribution losses and operational costs, improving 

companies collecting revenues and reducing fraud.  

 From the consumers’ perspective, experiences show that they feel 

empowered to manage and control billing cost and consumption using 

the electricity prepayment.  

 In Brazil: 

I. Companies are supposed to provide all the prepayment meter 

acquisition costs; 

[12,70,71] 

                                                           
4 Both have been already regulated but are under practical implementation. 



 

 

 

34 

 

II. Consumers can freely migrate between systems (i.e. prepayment 

and post-payment); 

III. The shift from the post-payment to the prepayment system is 

voluntary and free of charge for consumers. 

IV. Some group of consumers is not allowed to adopt the 

prepayment system, e.g., consumers that adopted the WHT or 

those who have a mini or micro DG system connected to the grid; 

V. There are some technical constraints mainly related to the lack 

of standardization that should be better addressed in the future. 

SMART 

METERING 

 

RN nº 502/2012 

Short-term (1 

– 5 years) 

 Smart metering is considered an emerging and under develoment 

technological system in Brazil.  

 Currently, the use of smart metering is Brazil is restricted to pilot smart 

grid projects of specific distribution utilities. 

 The deployment of smart meters is a fundamental step for the 

deployment of smart grids in Brazil. 

 The smart meter deployment is considered essential to enable the 

implementation of the WHT system. 

 Smart meter adoption for Brazilian residential buildings is a difficult 

task to predict due to the limited consumer knowledge and awareness. 

 The lack of support, incentives and proper information dissemination 

about the possible benefits of the smart meter might not result in the 

expected benefit for both consumers and utilities. 

 Utility companies of the Brazilian system might develop policies and 

strategies for the dissemination of the smart meter technology. 

 Although there have been some advances in the Brazilian regulatory 

structure, many gaps still stand as a barrier to the development of smart 

grids.  

 Future studies should measure consumer propensity to adopt smart 

meters in residential buildings and investigate the perceptions and 

behaviors of electricity consumers with regard to the potential 

deployment of smart meters in the Brazilian electricity sector. 

[21,74,75] 

 

DISTRIBUTED 

GENERATION 

 

Short-term 

(already 

available 

since 2012)  

 Solar PV represented 99% of total mini and micro DG already installed 

in Brazil up to 2017. 

[8,9,15,16,76] 
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(RN nº 482/2012 

and RN nº 

687/2015) 

 The overall installed small-scale DG energy systems is relatively small 

compared to Brazil’s potential. 

 The forecast for 2024 is a total amount of 886,700 new consumers and 

an overall installed capacity of 3.2 GW for DG. 

 The net-metering system together with the use of monomial tariff might 

bring a problem for the balance of electricity tariffs for utilities.  

 By 2024, EPE projected a decrease in revenues of approximately 1.1% 

for distribution utilities in comparison to 2016 due to the insertion of 

DG. 

 According to Brazilian distribution utilities, there is no adequate 

incentive to modernize distribution networks or even invest in new 

technologies. 

 There is little emphasis on previously published works related to social 

impacts and benefits of distributed technologies. 

DEMAND 

RESPONSE 

Medium to 

long-term 

(5 - 20 years) 

 The deployment of DR programs has been seen as an alternative to 

generation and transmission expansion. 

 Peak demand reduction is considered one of the main goals of DR. 

 DR might be used to contribute to power system regulation capacity in 

order to promote wind power integration, mainly in the Northeast region 

of Brazil.  

 The potential of DR in Brazil is considered by authorities an important 

variable to delineate the medium and long-term electricity expansion 

planning. 

 The most part of studies so far addressed by literature worldwide 

regarding DR role has been focused on power system operation and 

emphasize that the effects of DR should be considered in power system 

planning. 

 The changes in tariff schemes promoted by ANEEL may considerably 

motivate price-based DR programs in Brazil.  

 There is a great potential in Brazil for the wider penetration of DR 

programs. 

 The new tariff schemes created by ANEEL (i.e. TFS, WHT and the 

prepayment system) aims to foster DR. 

[16,18,19,64,79,80,95,96] 
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6.0 CONCLUSION AND POLICY IMPLICATIONS 

 

The transition towards a more sustainable energy system is a challenge for the Brazilian power 

sector and essential structural and regulatory changes (e.g. new business models) would be necessary 

to support this transition. The main challenges towards a sustainable and full-decarbonized energy 

system rely on increasing the power system flexibility while at the same time maintaining its 

reliability. 

Our findings suggest that DG, DSM and the new tariff schemes are on a path of accelerated 

deployment in the country due to the new policies and regulatory frameworks proposed by the 

government, mainly in the last five years. Outcomes of this paper lead to the conclusion that there is 

a great potential for the wider penetration of DSM programs in Brazil but there is a significant gap 

between the current levels of DSM and the overall potential available. The main part of new 

normative resolutions proposed by the Brazilian government (e.g., WHT and electricity prepayment) 

are mostly related to household electricity consumers and to a somewhat lesser extent for commercial 

consumers. This fact can be explained mostly because the residential and commercial sectors are the 

main contributors at times of heavy demand or peak usage (between 06 p.m. and 10 p.m.). Our 

findings also imply that the WHT should be better presented to the Brazilian consumers, giving them 

the possibility to choose or not to choose this new rate regime, considering their load profile and 

consequently getting economic advantages from its choice.  

The economic impact of DG growth is considered one of the most important issues presented by 

utilities. Also, the transformation of the regulatory structure and the habits of consumption, together 

with the commercial feasibility of technologies and human resources training, appear as additional 

challenges for the sector. New business models have been proposed to address the high insertion of 

DG in the Brazilian electricity market such as the ones proposed by RN nº 687/2015. However, we 

highlight the necessity to further develop other new business models to address the various 
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decentralized energy technologies and services that are emerging in the sector, as for example, the 

ones related to the so-called “prosumage” concept. Education activities that simultaneously clarify 

the new regulatory framework to consumers and its possible benefits are considered actions to be 

taken in order to encourage them to adopt or not to adopt the proposed new tariff schemes (i.e. WHT 

and the prepayment system).  

In light with the results, the following policy-related recommendations are proposed. First, the 

deployment and dissemination of DG projected by the national authorities of the power sector in 

Brazil together with the intermittent nature of RES enforce the need for new policy designs for both 

the utilities and consumers and this can be considered a key issue to enable the ambitious transition 

toward RES based systems. Additionally, policy designs should find the optimal balance between 

investments to update the current energy system (and thus take the advantages of the smart grid 

model) and other climate-policy related investments. In this sense, the regulatory framework, 

primarily including new network grid codes, grid investment incentives, market design and 

environmental regulation will have a key role in the future of the Brazilian electricity sector.  

Second, the digitalization process can be seen as a key opportunity for the utilities reducing both 

technical and non-technical grid losses. This would also enhance the potential for new business 

models, promoting non-regulated services to the consumers, e.g., helping them to understand and 

manage their energy profile consumption. The cognitive patterns of the electricity consumers would 

also impact the future of the electricity sector and this is considered another key factor to be further 

evaluated. 

Third, the creation of positive inducements related to the insertion of RES and the importance of 

diversifying the electricity supply sources in order to ensure not only financial savings but also energy 

security and reliability of the electrical power system is an important tag in the Brazilian power sector. 

Therefore, we highlight the need for the government to develop flexible regulatory frameworks in 

order to address the disruptive models that may become available in the power sector in the years to 
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come. The diversity amongst distribution companies and the trade-off between affordable tariffs and 

technological advances open up important avenues for further research. 

Fourth, we believe that greater attention should be performed from policy-makers to the 

implementation of effective demand-side measures. The new policies may have a great potential to 

change business models among Brazilian utilities and this should be further evaluated. The policy 

implications of the analysis carried out in this paper, include that we have learned that the integration 

of DR resources into the Brazilian electricity market requires a set of regulatory changes. We have 

shown that policies are needed in order to foster the introduction of DR measures. These new 

regulatory changes may have a positive influence on the potential benefits of DR usage for almost all 

stakeholders. 

The creation of additional indicators that can measure the impact of the integration of DG in the 

future scenarios; the use of a parameterization of measures to represent the environmental, cultural 

and social externalities related to each option and also the technological competitiveness of electric 

vehicles over time are some of the aspects that should be included in future works. Regulation for 

electrical vehicles is still emerging in the country, e.g., RN nº 819/2012. However, its impact on the 

power grid is not yet assessed and this aspect is a future key regulation that should be addressed. In 

[97], for example, the use of the EVs for system frequency regulation is addressed and give useful 

insights into the technical impacts of EVs on the power grid. All these aspects offer important 

problems for the industrial and scientific community and for which a multidisciplinary perspective 

would benefit energy systems research beyond the Brazilian case. We also highlight the need of 

system integration and sector coupling which is also considered a key point to be addressed by the 

Brazilian government towards a full-scale decarbonized energy system, but this would require a long-

term political framework. 

Although there have been some advances in the Brazilian regulatory structure, many gaps still 

stand as a barrier to the development of the electricity sector. The integration of the new aspects 
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discussed in this paper remains a difficult and complex endeavor for several reasons. There are several 

uncertainties that might cause difficulties for utilities, e.g., the net-metering system together with the 

use of monomial tariff might bring a problem for the balance of electricity tariffs. Conclusively, 

considering the review analysis proposed in this paper, we believe our results offer insights into the 

future trends for the Brazilian electricity sector which allowed to highlight the important role of smart 

grid technologies for the creation of a more efficient grid and for the intelligent management of the 

entire energy system. This would also allow households to manage their electricity needs, having a 

more active behavior in electricity management. Although simplified, our review analysis brings 

some light on the main barriers, challenges and opportunities for the future power sector and 

contributes to a better understanding regarding the trade-offs of the power sector. 

 

ACKNOWLEDGEMENT 

This work is supported by the National Council for Scientific and Technological Development 

(CNPq), Brazil. This work has been supported by national funds through FCT – Fundação para a 

Ciência e Tecnologia within the Project Scope: UID/CEC/00319/2019.  

 

REFERENCES 

[1] PCE. Cenários para a Matriz Elétrica 2050: Aporte ao debate energético nacional e ao planejamento 

participativo de longo prazo – PCE Brasil 2050 2015:78. http://www.nextrans.com.br/wp-

content/uploads/2015/03/Energia-Cenarios-2050.pdf (accessed October 5, 2017). 

[2] Santos MJ, Ferreira P, Araújo M, Portugal-Pereira J, Lucena AFPP, Schaeffer R. Scenarios for the 

future Brazilian power sector based on a multi-criteria assessment. J Clean Prod 2018;167:938–50. 

doi:10.1016/j.jclepro.2017.03.145. 

[3] Reis LB, Santos ED. Energia Elétrica e Sustentabilidade. Second ed. São Paulo: Manole; 2014. 

[4] Abu-Taha R. Multi-criteria applications in renewable energy analysis: A literature review. 2011 Proc. 



 

 

 

40 

 

PICMET ’11 Technol. Manag. Energy Smart World, 2011, p. 1–8. 

[5] Moretti M, Djomo SN, Azadi H, May K, De Vos K, Van Passel S, et al. A systematic review of 

environmental and economic impacts of smart grids. Renew Sustain Energy Rev 2017;68:888–98. 

doi:10.1016/J.RSER.2016.03.039. 

[6] Hossain MS, Madlool NA, Rahim NA, Selvaraj J, Pandey AK, Khan AF. Role of smart grid in 

renewable energy: An overview. Renew Sustain Energy Rev 2016;60:1168–84. 

doi:10.1016/J.RSER.2015.09.098. 

[7] IRENA. Global Energy Transformation - A roadmap to 2050. 2018. 

[8] ANEEL. Normative Resolution no 687. ANEEL 2015:25. 

http://www2.aneel.gov.br/cedoc/ren2015687.pdf (accessed July 16, 2018). 

[9] ANEEL. Normative Resolution No 482 2012:1–4. http://www.aneel.gov.br/cedoc/ren2012482.pdf 

(accessed July 16, 2018). 

[10] Eid C, Koliou E, Valles M, Reneses J, Hakvoort R. Time-based pricing and electricity demand 

response: Existing barriers and next steps. Util Policy 2016;40:15–25. doi:10.1016/j.jup.2016.04.001. 

[11] Kopiske J, Spieker S, Tsatsaronis G. Value of power plant flexibility in power systems with high shares 

of variable renewables: A scenario outlook for Germany 2035. Energy 2016. 

doi:10.1016/j.energy.2017.04.138. 

[12] ANEEL. Normative Resolution no 610. 01/04/2014 2014:21. 

http://www2.aneel.gov.br/cedoc/ren2014610.pdf (accessed February 28, 2018). 

[13] ANEEL. Normative Resolution No 733. ANEEL 2016:3. 

http://www2.aneel.gov.br/cedoc/ren2016733.pdf (accessed February 28, 2018). 

[14] Strantzali E, Aravossis K. Decision making in renewable energy investments: A review. Renew Sustain 

Energy Rev 2016;55:885–98. doi:10.1016/j.rser.2015.11.021. 

[15] ANEEL AN de EE, SRD S de R dos S de D. Technical Note n° 0056/2017-SRD/ANEEL. 2017. 

[16] EPE. Plano Decenal de Expansão de Energia 2026. Ministério Minas e Energ 2017:264. 

http://www.epe.gov.br/pt/publicacoes-dados-abertos/publicacoes/plano-decenal-de-expansao-de-

energia-pde (accessed February 10, 2018). 



 

 

 

41 

 

[17] Tsarenko Y, Ferraro C, Sands S, McLeod C. Environmentally conscious consumption: The role of 

retailers and peers as external influences. J Retail Consum Serv 2013;20:302–10. 

doi:10.1016/j.jretconser.2013.01.006. 

[18] Paterakis NG, Erdinç O, Catalão JPS. An overview of Demand Response: Key-elements and 

international experience. Renew Sustain Energy Rev 2017;69:871–91. doi:10.1016/j.rser.2016.11.167. 

[19] Blanco H, Faaij A. A review at the role of storage in energy systems with a focus on Power to Gas and 

long-term storage. Renew Sustain Energy Rev 2018;81:1049–86. doi:10.1016/j.rser.2017.07.062. 

[20] Dantas GDA, de Castro NJ, Brandão R, Rosental R, Lafranque A, Castro NJ De, et al. Prospects for 

the Brazilian electricity sector in the 2030s: Scenarios and guidelines for its transformation. Renew 

Sustain Energy Rev 2017;68:997–1007. doi:10.1016/j.rser.2016.08.003. 

[21] Carvalho P. Smart metering deployment in Brazil. Energy Procedia 2015;83:360–9. 

doi:10.1016/j.egypro.2015.12.211. 

[22] EPE. Distributed Energy Resources: Impacts on Energy Planning Studies 2018:18. 

[23] MIT Energy Initiative. UTILITY OF An MIT Energy Initiative response. 2016. 

[24] de A. Dantas G, de Castro NJ, Dias L, Antunes CH, Vardiero P, Brandão R, et al. Public policies for 

smart grids in Brazil. Renew Sustain Energy Rev 2018;92:501–12. doi:10.1016/J.RSER.2018.04.077. 

[25] Di Santo KG, Kanashiro E, Di Santo SG, Saidel MA. A review on smart grids and experiences in Brazil. 

Renew Sustain Energy Rev 2015;52:1072–82. doi:10.1016/j.rser.2015.07.182. 

[26] Luisa M, Silvestre D, Favuzza S, Sanseverino ER, Zizzo G. How Decarbonization, Digitalization and 

Decentralization are changing key power infrastructures. Renew Sustain Energy Rev 2018;93:483–98. 

doi:10.1016/j.rser.2018.05.068. 

[27] MCTIC. Estratégia Brasileira para a Transformação Digital. 2018. 

[28] Zhang Y, Chen W, Gao W. A survey on the development status and challenges of smart grids in main 

driver countries. Renew Sustain Energy Rev 2017;79:137–47. doi:10.1016/J.RSER.2017.05.032. 

[29] Löbbe S, Hackbarth A. The Transformation of the German Electricity Sector and the Emergence of 

New Business Models in Distributed Energy Systems. Innov Disrupt Grid’s Edge 2017:287–318. 

doi:10.1016/B978-0-12-811758-3.00015-2. 



 

 

 

42 

 

[30] Cigre. Networks of the future - Electricity supply system of the future - white paper 2016. 

[31] Scharl S, Praktiknjo A. The Role of a Digital Industry 4.0 in a Renewable Energy System 2019. 

doi:10.1002/er.4462. 

[32] Merz M. Potential of the Blockchain Technology in Energy Trading. Blockchain Technol Introd Bus 

IT Manag 2016:51–98. doi:10.1515/9783110488951. 

[33] McLellan B, Florin N, Giurco D, Kishita Y, Itaoka K, Tezuka T. Decentralised Energy Futures: The 

Changing Emissions Reduction Landscape. Procedia CIRP 2015;29:138–43. 

doi:10.1016/J.PROCIR.2015.02.052. 

[34] Critchlow J. The future of electricity 2015:41. 

http://www.acendebrasil.com.br/media/filemanager/Julian_150819-AT69-Brazil WEF Future of 

Electricity overview_final.pdf. 

[35] Fikru MG, Gelles G, Ichim AM, Kimball JW, Smith JD, Zawodniok MJ. An economic model for 

residential energy consumption, generation, storage and reliance on cleaner energy. Renew Energy 

2018;119:429–38. doi:10.1016/j.renene.2017.11.083. 

[36] Green R, Staffell I. " Prosumage " and the British electricity market. Econ Energy Environ Policy 

2017;6:33–50. doi:10.5547/2160-5890.6.1.rgre. 

[37] Christian Von Hirschhausen. Prosumage and the future regulation of utilities: An introduction. Econ 

Energy Environ Policy 2017;6:1–6. 

[38] (EPE) ERO. Brazilian Energy Balance 2019: base year 2018 2019. https://ben.epe.gov.br/ (accessed 

July 25, 2019). 

[39] Brazilian Electricity Regulatory Agency. Generation Database (BIG). ANEEL 2018. 

http://www2.aneel.gov.br/aplicacoes/capacidadebrasil/capacidadebrasil.cfm (accessed March 9, 2018). 

[40] IEA. World Energy Outlook 2016. Int Energy Agency Paris, Fr 2016:28. 

doi:http://www.iea.org/publications/freepublications/publication/WEB_WorldEnergyOutlook2015Ex

ecutiveSummaryEnglishFinal.pdf. 

[41] EPE. Demanda de Energia 2050. [Available from 

Http//WwwEpeGovBr/Estudos/Documents/DEA%2013-



 

 

 

43 

 

14%20Demanda%20de%20Energia%202050Pdf] 2014:1-232 [acessed February, 19 th 2016]. 

[42] ONS. Brazilian National Grid Operator. 2019 2019. http://www.ons.org.br/Paginas/resultados-da-

operacao/historico-da-operacao (accessed May 7, 2018). 

[43] Firjan S. A Expansão das Usinas a Fio d’ Água e o Declínio da Capacidade de Regularização do Sistema 

Elétrico Brasileiro. Dir Desenvolv Econômico e Assoc 2013:14. 

[44] Falcetta FAM. Evolução da Capacidade de Regularização do Sistema Hidrelétrico Brasileiro. 2015. 

[45] Child M, Breyer C. The Role of Energy Storage Solutions in a 100% Renewable Finnish Energy 

System. Energy Procedia 2016;99:25–34. doi:10.1016/j.egypro.2016.10.094. 

[46] Barbosa L de SNS, Orozco JF, Bogdanov D, Vainikka P, Breyer C. Hydropower and Power-to-gas 

Storage Options: The Brazilian Energy System Case. Energy Procedia 2016;99:89–107. 

doi:10.1016/j.egypro.2016.10.101. 

[47] Deetjen TA, Rhodes JD, Webber ME. The impacts of wind and solar on grid flexibility requirements 

in the Electric Reliability Council of Texas. Energy 2017;123:637–54. 

doi:10.1016/j.energy.2017.02.021. 

[48] Dranka GG, Ferreira P. Planning for a renewable future in the Brazilian power system. Energy 

2018;164:496–511. doi:10.1016/J.ENERGY.2018.08.164. 

[49] Saunders M, Lewis P, Thornhill A. Research Methods for Business Students. Seventh ed. England: 

2016. doi:10.1007/s13398-014-0173-7.2. 

[50] Zafar R, Mahmood A, Razzaq S, Ali W, Naeem U, Shehzad K. Prosumer based energy management 

and sharing in smart grid 2017. doi:10.1016/j.rser.2017.07.018. 

[51] Lima DA, Perez RC, Clemente G. A comprehensive analysis of the Demand Response Program 

proposed in Brazil based on the Tariff Flags mechanism. Electr Power Syst Res 2017;144:1–12. 

doi:10.1016/j.epsr.2016.10.051. 

[52] ANEEL. Resolução Normativa No 547, de 16 de Abril de 2013 2013:5. 

http://www.aneel.gov.br/documents/656877/14486448/ren2013547.pdf/c891e96e-9d30-43a0-870c-

c1c4b725dbbd?version=1.0. 

[53] Law 9,991/2000. Presidency of the Republic, Brasilia, Brazil, 2000. 



 

 

 

44 

 

[54] Zorzo LS, Diehl CA, Venturini JC, Zambon EP. The relationship between the focus on innovation and 

economic efficiency: a study on Brazilian electric power distribution companies. RAI Rev Adm e 

Inovação 2017;14:235–49. doi:10.1016/j.rai.2017.03.011. 

[55] Law 10,295/2001. Presidency of the Republic, Brasilia, Brazil, 2001. 

[56] Goldemberg J, Lucon O. Energy and environment in Brazil. Estud AVANÇADOS 2007;21. 

[57] Law 13,280/2016. Presidency of the Republic, Brasilia, Brazil, 2016. 

[58] ANEEL. Normative Resolution no 819 2018:5. http://www2.aneel.gov.br/cedoc/ren2018819.pdf 

(accessed July 16, 2018). 

[59] Law 9,854/2019. Presidency of the Republic, Brasilia, Brazil,. 2019 n.d. 

http://www.planalto.gov.br/ccivil_03/_Ato2019-2022/2019/Decreto/D9854.htm (accessed July 24, 

2019). 

[60] Law 9,319/2018. Presidency of the Republic, Brasilia, Brazil, 2018. 

http://www.planalto.gov.br/ccivil_03/_Ato2015-2018/2018/Decreto/D9319.htm (accessed July 24, 

2019). 

[61] Charfuelan Villareal MJ, Manoel J, Moreira L. Household consumption of electricity in Brazil between 

1985 and 2013. Energy Policy 2016;96:251–9. doi:10.1016/j.enpol.2016.04.030. 

[62] Corrêa Da Silva R, De Marchi Neto I, Silva Seifert S. Electricity supply security and the future role of 

renewable energy sources in Brazil. Renew Sustain Energy Rev 2016;59:328–41. 

doi:10.1016/j.rser.2016.01.001. 

[63] Fossati M, Scalco VA, Cesar V, Linczuk C, Lamberts R. Building energy efficiency: An overview of 

the Brazilian residential labeling scheme. Renew Sustain Energy Rev 2016;65:1216–31. 

doi:10.1016/j.rser.2016.06.048. 

[64] de Jong P, Dargaville R, Silver J, Utembe S, Kiperstok A, Torres EA. Forecasting high proportions of 

wind energy supplying the Brazilian Northeast electricity grid. Appl Energy 2017;195:538–55. 

doi:10.1016/j.apenergy.2017.03.058. 

[65] Zurn HH, Tenfen D, Rolim JG, Richter A, Hauer I. Electrical energy demand efficiency efforts in 

Brazil, past, lessons learned, present and future: A critical review. Renew Sustain Energy Rev 



 

 

 

45 

 

2017;67:1081–6. doi:10.1016/j.rser.2016.09.037. 

[66] ANEEL. Bandeiras Tarifárias 2019. http://www.aneel.gov.br/bandeiras-tarifarias (accessed July 25, 

2019). 

[67] Moraes FAC. Impacto econômico das bandeiras tarifárias nos processos tarifários das distribuidoras de 

energia elétrica. Instituo de Pesquisa Econômica Aplicada - IPEA, 2018. 

[68] Stuart Borlase. Smart grids: infrastructure, technology and solutions. Boca Raton: CRC Press; 2013. 

[69] ANEEL. Tarifa Branca 2019. http://www.aneel.gov.br/tarifa-branca (accessed July 25, 2019). 

[70] Telles Esteves GR, Cyrino Oliveira FL, Antunes CH, Souza RC. An overview of electricity prepayment 

experiences and the Brazilian new regulatory framework. Renew Sustain Energy Rev 2016;54:704–22. 

doi:10.1016/j.rser.2015.10.002. 

[71] ANEEL. Tarifas Consumidores 2017. http://www.aneel.gov.br/tarifas-consumidores (accessed July 26, 

2019). 

[72] COPEL. Software ADMS (Advanced Distribution Management System) 2018. 

https://www.copel.com/hpcopel/root/nivel2.jsp?endereco=%2Fhpcopel%2Ffornecedores%2Fpagcope

l2.nsf%2Fdocs%2F36404422E718E85F8325826E00443A70 (accessed July 24, 2019). 

[73] Ponce-Jara MA, Ruiz E, Gil R, Sancristóbal E, Pérez-Molina C, Castro M. Smart Grid: Assessment of 

the past and present in developed and developing countries. Energy Strateg Rev 2017;18:38–52. 

doi:10.1016/J.ESR.2017.09.011. 

[74] ANEEL. Resolução Normativa no 502, de 7 de agosto de 2012. Diário Of Da União 2012:1–4. 

[75] Chou JS, Gusti Ayu Novi Yutami. Smart meter adoption and deployment strategy for residential 

buildings in Indonesia. Appl Energy 2014;128:336–49. doi:10.1016/j.apenergy.2014.04.083. 

[76] ANEEL. Revisão das regras aplicáveis à micro e minigeração distribuída – Resolução Normativa no 

482/2012 - Relatório de Análise de Impacto Regulatório no 0004/2018-SRD/SCG/SMA/ANEEL. 2018. 

[77] IRENA. Planning for the Renewable Future. 2017. 

[78] Meyabadi AF, Deihimi MH. A review of demand-side management : Reconsidering theoretical 

framework. Renew Sustain Energy Rev 2017;80:367–79. doi:10.1016/j.rser.2017.05.207. 

[79] Zhang N, Hu Z, Shen B, Dang S, Zhang J, Zhou Y. A source-grid-load coordinated power planning 



 

 

 

46 

 

model considering the integration of wind power generation. Appl Energy 2016;168:13–24. 

doi:10.1016/j.apenergy.2016.01.086. 

[80] Dranka GG, Ferreira P. Review and assessment of the different categories of demand response 

potentials. Energy 2019;179:280–94. doi:10.1016/J.ENERGY.2019.05.009. 

[81] ANEEL. Normative Resolution no 792 2017:4. 

http://www2.aneel.gov.br/aplicacoes/audiencia/arquivo/2017/043/resultado/ren2017792.pdf (accessed 

February 28, 2018). 

[82] Saebi J, Taheri H, Mohammadi J, Nayer SS. Demand bidding/buyback modeling and its impact on 

market clearing price. 2010 IEEE Int Energy Conf Exhib EnergyCon 2010 2010:791–6. 

doi:10.1109/ENERGYCON.2010.5771788. 

[83] Barelli L, Bidini G, Bonucci F, Castellini L, Castellini S, Ottaviano A, et al. Dynamic Analysis of a 

Hybrid Energy Storage System (H-ESS) Coupled to a Photovoltaic (PV) Plant. Energies 2018;11. 

doi:10.3390/en11020396. 

[84] Hemmati R. Optimal design and operation of energy storage systems and generators in the network 

installed with wind turbines considering practical characteristics of storage units as design variable. J 

Clean Prod 2018;185:680–93. doi:10.1016/J.JCLEPRO.2018.03.062. 

[85] Silvera V, Cantane DA, Reginatto R, Ledesma JJG, Schimdt MH, Ando Junior OH. Energy Storage 

Technologies towards Brazilian Electrical System. Renew Energy Power Qual J 2018;1:380–6. 

doi:10.24084/repqj16.319. 

[86] ANEEL. Agência aprova 23 propostas da chamada de P&D sobre armazenamento de energia 2017. 

http://www.aneel.gov.br/sala-de-imprensa-exibicao-2/-

/asset_publisher/zXQREz8EVlZ6/content/agencia-aprova-23-propostas-da-chamada-de-p-d-sobre-

armazenamento-de-energia/656877 (accessed July 25, 2019). 

[87] Li Y, Zhan C, Lukszo Z. Business innovation and government regulation for the promotion of electric 

vehicle use: lessons from Shenzhen, China. J Clean Prod 2016;134:371–83. 

doi:10.1016/J.JCLEPRO.2015.10.013. 

[88] Tayal D. Disruptive forces on the electricity industry: A changing landscape for utilities. Electr J 



 

 

 

47 

 

2016;29:13–7. doi:10.1016/J.TEJ.2016.08.004. 

[89] Dranka GG, Lima JD de, Bonotto RC, Machado RHS. Economic and Risk Analysis of Small-Scale PV 

Systems in Brazil. IEEE Lat Am Trans 2018;16:2530–8. 

[90] Dranka GG, Portolann CA, Casamali DF, Salvatti G, Menon M. Impact analysis of wind power mini-

generation for industrial consumers considering different tariff modalities in Brazil. 2016 12th IEEE 

Int. Conf. Ind. Appl. INDUSCON 2016, 2017. doi:10.1109/INDUSCON.2016.7874540. 

[91] Tomain JP. Traditionally-Structured Electric Utilities in a Distributed Generation World. vol. 38. 2014. 

[92] MIT. Utility of the Future - An MIT Energy Initiative response to an industry in transition. 2016. 

[93] Viana MS, Manassero G, Udaeta MEM. Analysis of demand response and photovoltaic distributed 

generation as resources for power utility planning. Appl Energy 2018;217:456–66. 

doi:10.1016/J.APENERGY.2018.02.153. 

[94] Lino P, Valenzuela P, Ferreira RS, Barroso LA, Bezerra B, Pereira M V. Energy tariff and demand 

response in Brazil: An analysis of recent proposals from the regulator. 2011 IEEE PES Conf Innov 

Smart Grid Technol Lat Am SGT LA 2011 - Conf Proc 2011. doi:10.1109/ISGT-LA.2011.6083207. 

[95] Fotouhi Ghazvini MA, Soares J, Abrishambaf O, Castro R, Vale Z. Demand response implementation 

in smart households. Energy Build 2017;143:129–48. doi:10.1016/j.enbuild.2017.03.020. 

[96] Rathore C, Roy R. Impact of wind uncertainty, plug-in-electric vehicles and demand response program 

on transmission network expansion planning. Int J Electr Power Energy Syst 2016;75:59–73. 

doi:10.1016/j.ijepes.2015.07.040. 

[97] Zhang Q, Li Y, Li C, Li C. Electric Power Systems Research Grid frequency regulation strategy 

considering individual driving demand of electric vehicle. Electr Power Syst Res 2018;163:38–48. 

doi:10.1016/j.epsr.2018.05.019. 

 


