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Abstract—This paper presents some comparisons between the 

trends in electricity infrastructure growth in the United States 
and Brazil, and attempts to identify commonalities and 
differences on grid modernization efforts in these two countries 
using the Smart Grid Initiative as a template.   
 

Index Terms—Brazil, Energy Independence and Security Act 
of 2007 (EISA07), grid modernization, Smart Grid Initiative, 
transmission infrastructure, USA. 

I.  INTRODUCTION 
N November 10, 2009, the Brazilian electricity grid 
encountered a massive blackout that left several tens of 

millions of people without electricity supply for several hours 
[1]. While the causes of this blackout are still under 
investigation at the time of writing this paper, its impact has 
been significantly reported [2]. The extent of the Brazilian 
blackout of 2009 and its economic impact is reminiscent of the 
2003 blackout of the northeastern grid in the US - though the 
former event may not be as dramatic as the latter event vis-à-
vis the total loss of generation in MW [1], [3]. It might be 
conjectured that the latter event was mainly responsible for the 
various grid modernization initiatives and legislations in the 
US since 2003- the most significant of which is the Smart 
Grid Initiative, which occurs in the Energy Independence and 
Security Act of 2007 (EISA07) as the official policy of 
modernizing the US transmission and distribution grid [4]. 
The US Department of Energy (DoE) characterizes a Smart 
Grid as one with the following characteristics: 1) ability to 
perform self-healing and operate resiliently against cyber and 
physical attacks; 2) enabling active participation of consumers 
in demand response; 3) catering to the power quality needs of 
the 21st century loads; 4) incorporating renewable resources 
and energy storage along with conventional installations; 5) 
optimizing assets for efficient operation and 6) enabling new 
services, products, and markets aided by interoperable 
standards and lowered barriers [5]. The Smart Grid Initiative 
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is expected to hasten the deployments of renewable energy 
resources in the US grid to wean off the use of fossil fuels for 
electricity generation and is aimed at increasing the reliability 
and security of the electricity grid. This initiative is also 
expected to impact the end users by providing them an avenue 
for active participation in demand response.  

At a time when several significant steps are being launched 
in the US for modernization of the electricity infrastructure as 
part of the landmark Smart Grid Initiative, it might be 
worthwhile to draw some comparisons between the 
recommendations of that initiative and the grid modernization 
efforts in Brazil. The intent of such a comparison is to probe 
the usefulness of the recommendations of the Smart Grid 
Initiative for grid modernization in a developing country with 
increased energy needs like Brazil. 

The scope of this paper does not include detailed analysis of 
the blackout events of 2003 and 2009, in North America and 
Brazil, respectively. Instead, this paper will briefly address the 
trend in electricity infrastructure growth and challenges in the 
US and in Brazil and present some commonalities and 
differences between the grid modernization efforts therein 
under the purview of the Smart Grid Initiative.   

II.  COMPARISON OF TRENDS IN ELECTRICITY INFRASTRUCTURE 
GROWTH BETWEEN THE US AND BRAZIL 

A.  Electricity infrastructure growth in the US (2009-2030) 
The demand for electric energy in the US is projected to 

grow at an annual rate of approximately 1% from 2009 to 
2030; thus, raising the actual consumption from approximately 
3764 Billion kWh to approximately 4748 Billion kWh in that 
timeframe, as shown in Figure 1, which is generated using 
data obtained from [6].  

Concomitantly, the growth of generation in the form of new 
installed capacity in the US is expected to grow by 260 GW as 
shown in Figure 2, which is also generated using data obtained 
from [6]. It is noted that this growth of generation capacity 
also accounts for approximately 30 GW in capacity 
retirements. Of this new additional capacity, almost 25% is 
expected to come from renewable resources; 18% is projected 
to use coal and approximately 5% is projected to use nuclear 
as the fuel; and almost 53% of the new additions is expected 
to use natural gas as a fuel source.  
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Figure 1. Trend in electricity demand growth in the US (figure generated 
using data obtained from [6]).  
 

 
Figure 2. Type and percentage of generation capacity addition from 2008 to 
2030 in the US (figure generated using data obtained from [6]).  
 

Electricity generation from wind installations in the US is 
expected to grow from a projected value of 36.35 billion KWh 
in 2009 to 129.8 billion kWh in 2030 at an annual rate of 
6.25% [6]. This growth in wind energy installations in the US 
is heavily dependent on state regulations such as wind profile 
at the location, cost of energy from fossil fuels, ability to 
access the transmission system, investments in transmission 
infrastructures, availability of energy storage deployments, 
and state mandates such as renewable portfolio standards [6].  
 

However, the backbone of the electricity infrastructure in 
the US, i.e., the transmission grid is suffering from: 1) 
stagnating and declining investments, [7], and 2) aging assets, 
[8]. A particularly significant challenge for transmission 
system growth in the US is related to the interstate regulations 
for planning, siting, and allocating costs [9]. Locating sites for 
new grid infrastructure is considered the most significant 
obstacle for maximizing the reach of expanding renewable 
resources [10]. Given these challenges in the transmission 
system in the US, it is apparent that most of the 
recommendations of the Smart Grid Initiative may be realized 
in the electric distribution side of the electricity delivery 
infrastructure [11]. 
 

B.  Electricity infrastructure growth in Brazil (2009 – 2030) 
Brazil is the fifth largest country in the world with an area 

of 8.5 million sq. km that is inhabited by approximately 199 
million people who consumed 404.3 billion kWh of electricity 

in 2007. It is pertinent to draw comparison to the US, which is 
has an area of 9.8 million sq km with a population of 307 
million that consumed more than 3800 billion kWh in 2008 
[12]. Brazil produced 438.8 billion kWh of electricity in 2007 
(approximately 80% of which was generated using 
hydropower) compared to the US which, as the largest 
producer and consumer of electricity in the world, produced 
4110 billion kWh in 2008 [12]. Brazil also imported 
approximately 42 billion kWh of electric energy in 2008 to 
meet its demands. In keeping with the development of Brazil 
and the projected growth in most of its economic sectors, the 
electricity demand growth in Brazil is expected to grow at a 
steady rate of 4.8% until 2020 as shown in Figure 3 to a total 
of approximately 700 Billion kWh [13]. 

 

 
 
Figure 3. Trend of electricity demand growth in Brazil from 2009 to 2020 
(generated using data from [13]). 
 

 
Figure 4. Trend in generation capacity addition in Brazil during 2010-2030 
(figure generated with data from [14]). 
 

Generation capacity addition in Brazil is expected to follow 
the trend shown in Figure 4 for the period 2010 to 2030 in 
order to cater to the projected increase in demand [14]. From 
Figure 4, it is apparent that there is a concerted effort to 
decrease the reliance on hydropower in Brazil for serving the 
electricity demand from approximately 84% in 2010 to 
approximately 78% in 2030 [14]. This effort is planned in 
order to tide over times of severe drought in Brazil such as in 
2001 [15]. The total installed capacity of nuclear-fueled 
generation in Brazil is expected to increase from 2000 MW in 
2006 to 7500 MW in 2030 [16]. Among the non-hydro 
renewable resources in Brazil, wind energy appears the most 
credible choice and is projected to grow at an annual rate of 
14.8% from approximately 375 million kWh in 2006 to 6890 
million kWh in 2030 [14]. Figure 5 depicts some potential 
locations of new wind energy installations in Brazil. Figure 6 



depicts a timeline of some of the generation capacity additions 
in Brazil in the short term. 

 

 
Figure 5. Possible locations of wind energy projects in Brazil (courtesy: 
Operador Nacional do Sistema Elétrico (ONS), Brasil). 
 
  

 
Figure 6. A short-term timeline of generation capacity additions in Brazil 
(figure generated with data from [14], [17]). 
 

The electric transmission system in Brazil is expected to 
significantly expand in tandem with the generation capacity 
additions [18]. This is enabled by the Growth Acceleration 
Plan (PAC) -a plan that provides progressively lowering rates 
of interest for energy sector investments such as in 
transmission systems [19]. So, unlike in the US, the electricity 
infrastructure in Brazil is expected to grow in all sectors, viz., 
generation, transmission, and distribution. 

 

III.  COMMON LESSONS ON GRID MODERNIZATION IN THE US 
AND BRAZIL 

The official policy of grid modernization in the US is 
expected to impact the distribution realm of the electricity 
delivery infrastructure in the US [11]. The Smart Grid 
Initiative in the US is also expected to impact the generation 
side of the infrastructure particularly with respect to the 

integration, operation and control of renewable resource and 
energy storage elements. It is not apparent that the Smart Grid 
Initiative may lead to infrastructure growth in the transmission 
systems in the US beyond installations of phasor measurement 
units (PMUs) and wide-area measurement systems (WAMS). 
This may be even more apparent given the challenges facing 
infrastructure developments vis-à-vis location, siting, cost 
allocation, and interstate regulations in the transmission 
system in the US.  In late 2009, the US DoE awarded 
approximately $3.4 billion to various entities in US for 
deploying and demonstrating the Smart Grid concept via 
innovative enhancements to the grid such as pervasive smart 
meter installations, smart appliances, demand response pilot 
programs, etc. [20]. 

The Brazilian electricity infrastructure, unlike that of the 
US, is expected to grow in all sectors, viz., generation, 
transmission, and distribution. The challenge in electricity 
infrastructure growth in a developing nation like Brazil is 
inherently tied to social and economic growth [21], [22]. Even 
while the electricity grid infrastructure is being expanded, 
there may be new, hitherto unconsidered environmental 
constraints that may play a significant role considering the fact 
that Brazil is the only South American country in the list of 
top twenty fossil fuel CO2 emitters and that the Amazon 
region in Brazil is projected to have over 100 GW of 
undeveloped hydro-potential [23], [24]. 

Perhaps the most significant impact under the lens of the 
Smart Grid Initiative with regard to the Brazilian electricity 
infrastructure may relate to cross-border trades and market 
regulations [24]. It is believed that with reform such as time-
of-use tariffs, efficiency can be boosted through demand 
response [25]. This may be achieved through the active 
participation by customers enabled by technologies such as 
smart meters. In Brazil, a surge in smart meter and automated 
metering infrastructure (AMI) has recently been reported [26], 
[27], [28].  

PMUs hold the promise of increasing transmission 
reliability through better real-time monitoring and situational 
awareness, helping create better models of physical systems 
using post-event data [29]. There are already 2 installations of 
PMUs in the Brazilian national interconnected system (NIS) 
for real-time and offline applications [30]. These installations 
may prove very useful in understanding the signature of the 
events that lead to the blackout of the Brazilian grid on 
November 10, 2009. In the Brazilian transmission network, 
PMU installations are expected to accelerate, especially after 
the abovementioned wide-area blackout of 2009.   

Based on the foregoing discussion, a comparative snapshot 
between the tenets of the US Smart Grid Initiative and the 
possible applications in the Brazilian electricity infrastructure 
may be drawn; this is shown in Table 1. 
  



TABLE 1. A COMPARATIVE SNAPSHOT OF THE RECOMMENDATIONS OF THE 
SMART GRID INITIATIVE AND ITS APPLICABILITY TO THE BRAZILIAN 

ELECTRICITY INFRASTRUCTURE. 
 

Smart Grid Initiative 
recommendation 

Applicability to the Brazilian electricity 
infrastructure 

Use of digital controls and 
information 

Basic tenet aimed at improving reliability 
and efficiency of grid. 

Dynamic optimization and cyber 
security of grid 

Needed for security of supply, especially 
in the light of scarcity of supply from 
hydropower due to drought, [15], and 
recent (but unconfirmed) reports of 
hacking in the Brazilian electricity grid 
[31]. 

Widespread DER deployment 
including renewables 

Wind is expected to grow at 14.8% 
annually from ‘09-’30 [14]; this is 
expected to herald new installations, 
operation and control philosophies, and 
enable markets for renewables. 

Use of demand response and 
peak shaving 

Demand response based on tariffs may 
introduce greater efficiency in energy 
consumption in Brazil [25]. This may 
lead to efficient philosophies for tiding 
over times of severe drought as well. 

Smart appliances and 
technologies 

Increasing installations of enabling 
technologies such as smart meters and 
AMI may lead to better strategies for 
demand response; PMUs and WAMS 
may hold the key to modernizing the 
expanding transmission system in Brazil. 

Customer-driven This aspect of active participation of 
customers in demand response holds the 
promise of enhanced energy efficiency. 

Standards for interoperability As in the US and in Europe where Smart 
Grid initiatives are underway, a major 
requirement in Brazil with regard to 
deployment of dispersed technologies 
may be the development of standards for 
interoperability. 

 

IV.   CONCLUSIONS 
This paper aimed at presenting some contemporary efforts 

on electricity grid modernization in USA and Brazil and 
attempted to draw commonalities and differences in those 
efforts under the lens of the Smart Grid Initiative, a federal 
policy of modernizing the US electricity grid.  
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