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ABSTRACT This work presents a detailed view on how the current policy scenario for the electricity
sector in Brazil is prepared to absorb the concept of microgrids in both its technical and commercial
scope. The main focus is on how we can move towards consistent and fair regulation in which all parties
involved in the distributed generation sector are satisfied with their duties and rights. The current regulation
framework does not explicitly tackle microgrids, but allows them to be connected into the distribution grid.
However, the adoption of microgrids could be wider and fairer for their stakeholders through deeper technical
understanding and consequent proposals for improvements to that regulation. Based on the assumption that
the concept of microgrids has benefits for the environment and society, the intention of this work is to
contribute to policy analysis that serve to leverage the insertion of microgrids in the context of the Brazilian
energy sector. Thus, our main objective is that stakeholders are able to guide themselves and find proper
implementation of their projects and realize the technical, societal and commercial benefits. The focus of
the article is limited to microgrids inserted within the coverage area of distribution utilities. Therefore,
the power grid is available to the connection, as long as it is operational. Nevertheless, the possibilities
of islanded operation are explored. More than the availability of the grid under normal operation conditions,
raising levels of interaction and cooperation for mutual gain and how the grid-microgrid relationship could
be improved is the main focus. Finally, numerical simulations with the analysis of an actual deployment of
a microgrid in a residential condominium in Brazil are used to illustrate the impacts of the proposals.

INDEX TERMS Microgrids, distributed generation, policy analysis, regulation proposals.

I. INTRODUCTION
New power sector technology and according regulations
recently introduced in several countries due towidespread use
of distributed generation are changing the structural design
of power systems based on large power plants and long
transmission lines that serve end consumers at various voltage
levels. The integration of small scale distributed generation
next to the consumer and its loads into a small power system
that can operate in a smart fashion connected to low and
medium voltage grids with the capacity to of operate either as
an island or connected to the distribution grid is the definition
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of microgrids used in this work, based on [1]. Microgrids are
a reasonably recent advance and in order for this concept to be
widely implemented and established, it is necessary to intro-
duce technological, organizational and regulatory changes so
that its implementation and integration with the traditional
system are properly performed [2].

On another side, economic and financial issues are
paramount to increase the number ofmicrogrid project. In this
sense, a proper balance between costs and benefits is needed
so that business opportunities involvingmicrogrids are attrac-
tive to investors, both, in Brazil and elsewhere.

The integration of microgrids with conventional electric
power systems must be carried out in accordance with cur-
rent regulations. As in any sector of society, regulation is a
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fundamental point and sets the standards for the development
and adequacy of a given activity in the electricity supply
chain. The insertion of distributed generation into distribu-
tion grids, for example. However, there are many barriers to
more frequent and wider adoption of microgrids. Regulation,
or its lack thereof, represents one of them [3]. The main
contribution of this article is to present a coherent series of
proposals for regulatory changes that enable the insertion
of microgrids into the current Brazilian electricity markets,
which can answer various questions that exist today regarding
the current regulation.

The work starts discussing the most general aspects to be
considered, which include the regulatory and legal framework
advances that can foster this integration, and the analysis
of the influence of these aspects in the Brazilian context.
To complement this discussion, we address the tariff policy
adopted in Brazil, as well as the existing tariff structure. Three
main portions drive the economic aspects of microgrids,
namely: tariff incentives, fuel costs for microgrids using
fuel-dependent generators, and market environment in its
wider context. Creating effective mechanisms through which
microgrids can exchange energy and services with the grid,
capturing a significant portion of the benefits they provide,
must be a priority in the regulatory framework. However, this
issue is seemingly more complex for the following reasons,
mentioned in [4]:

• The economics of microgrids are highly sensitive to
tariff details and related agreements. Thus, an incorrect
tariff policy can have a major negative influence on the
economic performance of the microgrid;

• The services that the microgrid can provide to the grid
are new, such as voltage support, or are traditionally
provided by sources with different characteristics, such
as the provision of ancillary services, which have been
provided by large power generation units;

• Many of the benefits are local, and quantifying them
is not only a technical challenge, but can also raise
financial issues.

Other aspects within the economic scope and the dynam-
ics of the current market are also considered in here. The
technical knowledge and regulatory reach complete the con-
text in which this work proposes regulatory measures that
aim on the insertion of the microgrid concept in the Brazil-
ian electric system without penalizing the interested parties.
Based on this, it is proposed that the current tariff structure
is reviewed to ensure that prices reflect, accurately and in
practice, the costs and benefits of the system integrating
distributed generation resources and the utility.

In [5], the author recommends that the tariff structure be
modeled to reflect the costs and benefits of distributed gen-
eration for the system, as well as site characteristics that may
affect costs. It also underscores the need for the tariff model
to reward, with smaller amounts charged for the availability
cost, those customers who can provide physical assurance
that the system load will not exceed a certain amount dur-
ing peak periods. In addition, it discusses criteria for the

unbundling of distribution tariffs so that distribution charges
more accurately reflect the loads that microgrid customers
impose on the grid and the services they use from the distribu-
tion grid. Some of the criteria include distribution charges dif-
ferentiated by load and distance, peak load to average load on
certain distribution circuits, and nodal usage costs that reflect
marginal prices according to the location of the distribution
system. All these measures aim to ensure the expansion of
distributed generation efficiently, but bring major changes in
relation to the longstanding preference for structuring average
tariffs, not differentiated by location and with few adjust-
ments based on time of use. Therefore, one may prefer to
approach such changes with experimental tariffs and even-
tually with a series of incremental changes. If so, microgrid
participants could be ideal volunteers for experimental tariffs,
helping to demonstrate the value of differentiated tariffs for
consumers and the system as a whole. Changes in regulatory
practice are recommended in [6] to implement cost-effective
measures and distributed resources. The most relevant are:

• Allow incremental profits for distribution companies,
resulting from efficiency gains from the efficient inte-
gration of distributed resources;

• Implementation of differentiated system usage charges
and payments based on service voltage level, time of use,
and provision of ancillary services;

• Review of planning criteria to include the potential ben-
efit of delaying or reducing grid investments.

In this sense, it is possible to realize that the second point
above is the most viable to be implemented in the short term,
since changes in the form of charging can be implemented
together with the inclusion of the microgrid entity in the
regulatory environment.

This is the main suggestion made in the tariff context, and
the idea is reinforced here by the fact that these types of
tariffs, unlike the traditional hourly tariffs, allow a permanent
mitigation of the system peak.

Microgrids enable strategic dispatch and can potentially
reduce peak demand from distribution grids, even when cus-
tomer and utility peaks are not coincident. Reliable, equalized
demand profiles are of great potential value to utilities, allow-
ing the expansion of substation infrastructure to be delayed or
avoided.

With the incentive for efficient use of the grid, the focus is
no longer on the shift of consumption to off-peak hours such
as hourly rates, but rather on the reduction and even extinction
of this point [7].

Knowing what are the main characteristics required in the
tariff structure, it is necessary to choose the best model for
a given region, according to the characteristics of the same.
New tariffs will have to be developed for a microgrid that
provides services to increase reliability and power quality. For
example, tariffs should be modeled that allow utilities to shut
down all or part of a customer’s service for reasons of system
reliability in exchange for lower tariffs. The design of these
tariffs should consider a fair division of the value and costs
created by the microgrid. However, it is concluded that this
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return should be defined by utilities wishing to implement
a demand-side management program once the program is
structured [8].

As for energy pricing, it is understood that improving tariff
regulation is expensive, costly and risky. This task needs to
be done with caution so as not to upset the balance that
regulatory agencies seek to maintain between the interests of
all involved stakeholders. Thus, a radical change in the tariff
scenario could be detrimental to the system. For this reason,
the option to follow the general lines of the tariff structure
is justified, proposing appropriate modifications in order to
allow and encourage the access of microgrids to the system.

This work is structured as follows. Section II presents a
chronological history of the evolution of energy policy in
Brazil that affects the insertion of distributed generation and
the questions and challenges for the insertion of microgrids
in the Brazilian market. Section III presents proposals for
regulatory changes that largely aim on improving current reg-
ulation for distributed generation and promoting microgrids
including tariff and technical issues. A summary of proposals
is provided in Section IV and the results of deployment in a
residential condominium microgrid, proving the methodol-
ogy, are shown in Section V. Finally, conclusions are drawn
on Section VI.

II. MICROGRID RELATED REGULATIONS IN BRAZIL:
HISTORY, QUESTIONS AND CHALLENGES
Current Brazilian regulation framework and its recent history
are presented in the context of microgrids in this section.
The latest regulatory revisions are analyzed and their links
to technical and market questions and barriers are discussed.
Emphasis is put on the details regarding access procedures to
the distribution grid, technical challenges, such as intentional
islanding, and tariff structures.

A. REGULATORY HISTORY IN BRAZIL
The restructuring process of the Brazilian electric power
system began with the promulgation of the Concession Law
in 1995 [9], which required the implementation of a new
institutional and regulatory formats to enable changes in the
electricity sector. This still plays an extremely important
role for the improvement of the regulatory apparatus of the
Brazilian system and for the expansion of the distributed
generation.

Brazilian Electricity Regulatory Agency - ANEEL ’s Nor-
mative Resolution No. 481 was approved on April 17th,
2012 [10]. This defined the modified discount for the Dis-
tribution System Use Tariff (TUSD) and Transmission Sys-
tem Use Tariff (TUST) for photovoltaic energy. Normative
Resolution No. 481 amended ANEEL’s Normative Resolu-
tion 77/2004 [12] and provides a discount for photovoltaic
solar plants with a power output greater than 30 MW, from
50% to 80% of TUSD and TUST. This discount is given
to plants that have been in operation until 2017 for 10
years. Plants that are to be installed later are eligible only to
50% discount. In addition, ANEEL’s Normative Resolution

No. 482 of April 17, 2012 [11] deals with the grid access for
distributed generation. It gives rules for the connection
of distributed generation electricity production facilities.
According to Normative Resolution No. 482, distributed
micro-generation was defined as an electric power generat-
ing plant with an installed capacity up to 100 kW. Mini-
generation facilities are the ones with installed power larger
than 100 kW an up to 1 MW. Both generation must make
use of sources based on hydropower, solar, wind, biomass
or qualified cogeneration, connected to the distribution grid
through consumer unit facilities. This Resolution provides for
the compensation of active energy consumed with the active
energy generated by the consumer unit with distributed mini-
generation in a one-to-one ratio with credits valid for up to
three years.

It is concluded that Brazil only regulated the distributed
generation connected to the distribution grid in 2012 with
the edition of Resolution No. 482. However, little was seen
at the time in terms of diffusion of these systems. It is now
clear that the Brazilian electric system is nowmoving towards
the implementation of distributed generation systems and it is
expected and desirable that the regulatory framework allows
for the mass insertion of microgrids in the coming years.
Some important features were redefined with the Resolution
No. 687, in 2015.

The main points were: the limit for micro-generation
was revised from 100 kW down to 75 kW, the maximum
installed power for solar mini-generation increased from
1 MW to 5 MW, the duration of energy credits was expanded
from 3 to 5 years, the cost of metering units replacement was
shifted to the utilities, the total analysis time for new connec-
tion requests in the micro-generation compensation system
was reduced from 82 to 34 days, access request forms were
standardized and the obligation that all connection analysis
processes be performed online by 2017. Significant evolution
of regulatory framework to foster the insertion of distributed
generation in Brazil from the 2011 to 2015.

Table 1 presents a summary of the main regulatory frame-
work milestones that foster the insertion of distributed gener-
ation systems in Brazil.

B. QUESTIONS ON MICROGRID REGULATION
The key challenges associated with microgrids connected to
the main grid, revolve around defining and managing the
microgrid connection to a distribution system. According to
the tariff and regulatory framework in Brazil [13], as well as
the probable advances of these contexts in the coming years,
it is understood that the cost of energy paid by the customer
for microgrids will depend on a number of factors, among
which are:

• The cost of energy produced by the distributed energy
resources supplying the microgrid compared to the cor-
responding tariff for a given type of consumer;

• The cost of distribution services established by the utility
and additional costs associated with connecting to the
grid;
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TABLE 1. Main regulatory milestones to foster DG in Brazil.

• Streamlining these factors in conjunction with existing
tariff and billing structures is a regulatory challenge.

In a microgrid project several cost categories need to be
addressed [14]–[17]. The first is the cost of engineering stud-
ies that are required to interconnect significant amounts of
distributed energy resources to the distribution grid. The sec-
ond cost category is the potential distribution grid improve-
ments that may be required to deal with the bi-directional
power flow from distributed generation resources. Saving
energy from other generation sources can offset the latter
costs. Finally, there are the costs of implementation, operation
and maintenance of the microgrid. An appropriate regulatory
strategy in this context is critical to the success of a microgrid
project and a number of questions are to be answered when
analyzing the regulatory scenario. These are summarized
in Table 2.

The questions presented below are important for the elabo-
ration of microgrid projects for all the raised issues will guide
decision-making for the implementation of new microgrid
projects due to their important technical and regulatory char-
acter. Without having these questions well answered in the
scope and vision of the project, one is not able to effectively
advance the economic viability of new ventures.

When we talk about making the project economically
viable, we are referring to having defined the benefits that
microgrid customers and microgrid maintainers will have in
their favor over their obligations to regulators and the grid
to which they will be connected. The projects will have an
effective chance of being deployed if the resulting balance is
positive.

C. CHALLENGES FOR THE INSERTION AND
AGGREGATION OF MICROGRIDS IN THE BRAZILIAN
REGULATORY CONTEXT
It is important to review the current regulation in order to
clarify existing policies and remove uncertainties about the
microgrid participation in the system, both, for customers and
utilities before any specific changes for microgrid insertion

are proposed within the regulatory context. The interrelations
between microgrid focused regulation and other policies also
need to be verified to support distributed generation and
develop ideas to remove or reduce selected barriers.

Among the regulatory challenges that need to be addressed
for the development of microgrids in Brazil, the main ones
include defining and managing the microgrid connection to
distribution systems.

The main barriers and issues to be addressed for an appro-
priate inclusion of microgrids in the regulatory and legal
context of New York City were analyzed in [19]. This section
presents issues that can be relevant in the context of the
Brazilian regulation based on this study. Microgrids are not
currently defined as entities in the existing regulation in
the international electricity sector, neither in the Brazilian
context [15].

As a result, the first microgrids to be developed in the
current practice will have to anticipate, based on the project’s
ownership and service characteristics, how the project will be
viewed and dealt with by regulators

The specific terms of a regulation that meet the needs
of microgrids varies according to the particular character-
istics of each project. The following is a list of important
issues [27]: the deployed technologies; whether the system is
located entirely on private or public property; whether or not
the microgrid uses the distribution lines of the local utility;
whether it is owned by the utility or a group of cooperated or
consortium consumers; whether the system serves multiple
customers previously not served by the utility; if it serves res-
idential, commercial or industrial customers; if the microgrid
receives and/or provides power supply and ancillary services;
among others.

Therefore, the objective of this section is to present how the
challenges for the insertion of microgrids within the current
regulatory model could be addressed jointly with the use of
technologies readily available and in harmony with the cur-
rent tariff conditions so that it is possible to insert microgrids
in the current context even with the currently known chal-
lenges.Concrete proposals that can effectively leverage the
insertion of microgrids should come after fully understanding
the challenges.

1) TARIFF STRUCTURE
Brazil is currently in a transitional period in the form of
electricity pricing. The conventional electricity meter, cur-
rently used by most regulated consumers, does not consider,
for individual electricity measurement, the price variation
over the period of use. Thus, most consumers do not pay
for the energy consumed an amount that is effectively a
function of the time it is consumed. Prior to the creation of
the ‘‘Tarifa Branca’’ [28], which is a simple three-step tariff
with the ‘‘cheap-medium-priced-medium-priced-cheap’’ pat-
tern on weekdays and cheap pattern on weekends, there was
only one tariff, the Conventional, which featured a unique
value per kWh, charged for the energy consumed and constant
every day and every hour.
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TABLE 2. Relevant questions for microgrid related regulation and respective potential answers.

The ‘‘Tarifa Branca’’ creates conditions that encourage
some consumers to shift peak-period consumption to those
where power distribution is idle.

This transition from single tariffs to flexible tariffs can
be considered as a first step towards market flexibility, as it
allows consumers to decide on the best way to use energy.
The next steps are expected to follow the European example,
in which each consumer contracts their energy from different

suppliers. In this case, the utility is remunerated for the proper
maintenance of the grid and a trader negotiates the energy
with the consumer [29]. In this model, the microgrid could
appear as a supplier that the consumer would have a choice
to choose as its electricity supplier. This is in addition to
the model in which the microgrid provides energy to the
consumer, for cases where the microgrid has larger cover-
age. There could also be models where the consumer owns
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the microgrid and, thus, manages its own production and
consumption.

2) ACCESS AND CONNECTION OF MICROGRIDS TO THE
ELECTRICITY GRID
The guarantee of free access to third party access grids (TPA)
was needed in all countries where the electricity sector was
restructured by establishing competition. This allows the
development of various supply options for buyers and sellers
of energy in a competitive market. In most countries, distri-
bution is subject to strong technical and economic regulation,
which means setting differentiated access tariffs for system
users [24].

It was no different in Brazil. Free access, established by
Law No. 9.074/95 [30] and Law No. 9.648/98 [31], is the
right of any agent or consumer to connect and make use of the
electricity system by reimbursing the involved costs, regard-
less of the trading of energy [32]. More specifically, Law
No. 9.074/95 provides that ‘‘Suppliers and their consumers
are granted free access to the distribution and transmission
systems of a public service utilities, upon reimbursement of
the transportation cost involved, calculated based on criteria
established by the government grantor’’. Free access is one
of the pillars of a structural model of an electric system,
a basic instrument for effective competition in the segments of
generation and commercialization of electricity, where there
are a multiplicity of agents and consumers.

Regarding distribution facilities, ANEEL is responsible for
regulating access to transmission and distribution systems,
as provided for in Module 3 of PRODIST - Distribution
Procedures [39]. In particular, section 3.7- Micro and mini
distributed generation access. These procedures aim to meet
the needs of agents and consumers of the electricity system
in Brazil, through the identification and determination of
rules consistent with the access to distribution systems spread
throughout the Brazilian territory. Therefore, the essential
step required to enable the development of various supply
options for energy buyers and sellers has been taken. Guaran-
teed free access is that the interaction of the microgrid with
the distribution system will be made possible, facilitating the
importation or exportation of energy, once the request for
access is approved by the corresponding entity.

3) CURRENT INTERCONNECTION RULES
In most utilities around the world, including Brazil, dis-
tribution interconnection rules recognize only micro- and
mini-generation units. These exchange power with the utility
through a net metering system in Brazil. Thus, in order to
have an adequate insertion of the microgrids, there is a need
to create rules capable of covering different types of intercon-
nections that may not currently be considered by the utility.
According to [33], some issues that should be considered
are:

• Whether the price of interconnection considers the abil-
ity of the microgrid to act as a resource that is able to

consume and produce energy over short periods of time,
alternating between production and consumption;

• Whether limiting the size of the generator inadvertently
limits the type of services a microgrid is capable of pro-
viding, such as voltage support and system reliability;

• How should the generation and maximum total load
located at one point of the distribution system be eval-
uated, and how are the necessary improvements to the
system evaluated;

• As in a new microgrid insertion scenario, distribution
system upgrade costs will be allocated.

4) EXISTENCE OF REGULATED MARKET
Energy tariffs in the regulated market generally consist of
three parts: generation, transmission and distribution. In this
situation, energy compensation is usually structured to neu-
tralize the total cost of imported energy in relation to energy
produced and exported. The meter is located at the Point
of Common Connection (PCC) and records the difference
between energy import and export. Therefore, the utility only
sees the result of these exchanges and does not observe
everything that happens beyond the PCC, such as exchanges
between local suppliers and consumers.

In this scenario, an on-site power system supplier may
execute a power purchase agreement with an individual cus-
tomer and offer that customer a competitive on-site system-
generated energy tariff, which is normally owned by the
supplier. This would be feasible because, with the right incen-
tives, the cost of generating such a system can be competitive
with the costs of the generation, transmission and distribution
package price. However, it would be difficult to implement a
resource-sharing microgrid, i.e., various types of resources
that provide electricity to multiple customers through the
distribution system, in the current scenario since there is a
limit to how much each local generator can export.

In addition, existing laws in Brazil limit the regulated con-
sumer’s ability to purchase energy from a generator other than
the corresponding utility. Law No. 9.074/95, for example,
sets minimum requirements to becoming a free consumer and
choosing the supplier. For the regulated consumers the local
utility is the compulsory supplier with regulated tariff.

In an unregulated power market, the microgrid operator
could use the distribution grid to carry all the generated
power, including the one generated in systems located behind
the meter. However, given the competitive basis of electricity
prices in unregulatedmarkets, this energywould have to com-
pete with the cost of power generation offered by the utility.
In addition, transmission and distribution charges would be
added to the customer account on a volumetric basis, along
with demand charges. In this scenario, even with the control
efficiency advantages offered by the microgrids, it would be
difficult to compete with the energy sold by the utility. Once
the market is opened so that there is no minimum limit to
becoming a free consumer and choosing the power supplier,
the microgrid can enter the market as an option for power
supply.
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Today, the utility delivers energy at an interconnection
point in various customer aggregates and the customer is in
charge of the internal distribution. This type of model could
be the precursor to a microgrid, in which a set of clients in
an area would be viewed as a single medium voltage client.
However, some difficulties for this implementation would
be the incorporation of grids already built by the utility,
the administration of the microgrid itself and the lack of
regulatory procedures in case of the existence of a microgrid
operated by third parties [34].

5) CROSS-SUBSIDY
Another problem that can be verified is the so-called cross-
subsidy [37] since the isonomic prices set by the utilities
may not adequately recover the costs of utility and microgrid
customers who rely on the distribution system for service
reliability, but who buy less utility power than customers
using the distribution grid alone. As there are fixed charges
to be charged, these will be charged to a larger percentage
of customers who are not part of a microgrid and buy more
energy from the utility, resulting in an unintended cross
subsidy.

In fact, according to [35], in Portugal it was found that
with the increase in distributed generation, consumers reduce
their energy bill by producing their own energy. However,
the costs of the electricity system remain and are spread over
a smaller number of system users, affecting the price on the
final consumption.

Referring specifically to microgrids, this phenomenon also
leads to questions about the utility’s obligation to provide
an equivalent service to both types of consumers. Customers
who do not participate in a microgrid will actually be paying
to support premium services for customers connected to the
microgrid if the microgrid customers get higher levels of
reliability, as expected, and increasingly avoid paying their
share of the fixed costs for maintaining the distribution sys-
tem. As a result, the area’s energy tariffs will not be able
to cover actual energy costs. The basic premise for a smart
grid is the smart, subsidy-free or publicly subsidized tariff
that motivates customers to rational usage. Thus, with the
increase of distributed generation and even with the connec-
tion of microgrids in the Brazilian system, a reformulation
and adaptation of the energy tariff calculation methodology
will be essential to avoid such cross subsidies. Making the
tariff system more efficient smart, with seasonal, hourly and
locational signage, and clearly no cross-subsidies is one of
the objectives.

This adaptation is being discussed in Brazil through
ANEEL’s public consultation AIR No. 04/2018 [29], which
considers six possible alternative scenarios. Compensation
would be made differently in each of these. Currently the
energy consumed is fully offset by the energy generated.
Thus, in the first base scenario 0 considered by ANEEL there
would be no change in the compensation system. On the
other hand, from alternative 1 the energy generated by the

consumer is already worth less, because the value of trans-
mission wire B will not be compensated.

This component is equivalent to almost 30% of the energy
bill value. In alternative 2 both wire B and wire A are no
longer accounted for, so the energy injected into the grid
will be worth 34% less. In alternative 3, the TUSD charges
are excluded from the offsetting, making the energy gen-
erated by the consumer 42% less. Alternative 4 excludes
losses. Finally, alternative 5 excludes the Energy Tariff (TE)
charges.

These scenarios would vary depending on the type of
project being registered with the utility, namely: Generation
Next to the Load; or, Remote Generation.

Generation Next to Load: In this mode, the consumer
generates energy and compensates at the place where the
generator system is located. ANEEL proposed that the current
rule would apply to connections made until the end of 2019.
In this case, the consumer has a vested right for 25 years.
For systems connected from 2020 onwards, the current rule
would be maintained for 10 years. In addition, ANEEL estab-
lished some power triggers installed in Brazil to change the
compensation system. In the case of generation together with
the load, the trigger is 3.36 GW installed power. Once the
trigger is reached, alternative 1 becomes valid, i.e., there is
no compensation of the wire B tariff.

Remote Generation: This is remote self-consumption or
shared generation solar farms. In this mode, the terms
of 25 and 10 years work the same way. However, after the
first trigger (1.25 GW) alternative 1 begins to apply. A second
trigger (2.13 GW) is provided, which initiates alternative 3,
excluding wire B, wire A and TUSD charges from compen-
sation.

ANEEL decided on October 15, 2019, at a public board
meeting, as a result of AIR No. 04/2018, to open a public
consultation in continuation of Public Hearing No. 1/2019
to receive contributions to the proposed revision of Norma-
tive Resolution 482/2012 regarding the rules applicable to
distributed generation. The proposal under discussion pro-
vides for a transitional period for amendments. Consumers
who have the distributed generation system remain with the
billing rule in force until the year 2030. Consumers who
order the distributed generation facility after the publication
of the standard, which is expected by 2020, will pay the grid
cost (TUSD, Wire B and Wire A), in the case alternative
2mentioned above. In 2030, or when a predetermined amount
of distributed generation is reached in each utility, these con-
sumers will offset the energy component of the Energy Tariff
(TE) charges, i.e., alternative 5 occurs, and pay in addition to
the grid costs.

In the case of Remote Generation, the proposal foresees
two scenarios. Consumers who already have distributed gen-
eration continue with the rules currently in force until the
end of 2030. In addition, new requests for access after the
publication of the standard, scheduled for 2020, will pay
grid costs and charges, also offsetting the energy component
within the Energy Tariff, i.e., alternative 5.
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6) COST OF CONNECTION
The Capacity Reserve designation applies to self-producers
who remain connected to the grid even when they are not con-
suming power from the utility. Self-producers without sale of
surpluses are, by definition, their own generation consumers
operating in parallel to the utility grid and do not have surplus
for sale. This type of consumer pays a price for the grid
connection service because the utility is required by law to
automatically supply power if that customer’s generator is not
operating. The costs are computed based on the consumer’s
generator size and are intended to reflect the cost portion to
operate and maintain the infrastructure and reliably provide
power to that customer.

The concept of capacity reserve also applies to a microgrid
if it is able to almost completely meet its demand while
remaining connected to the grid [33]. It is then necessary for
the utility to define who is responsible for the cost of main-
taining the grid connection. It could be the microgrid operator
or the individual consumer that is part of the microgrid.
A simple and objective solution would lead to the belief that
the cost would be individual for small microgrids. The full
cost would be of the microgrid for large microgrids formed
by multiple partners as it could benefit from the reduced costs
of a larger consumer. In any case, the energy cost increases
if the cost of servicing the capacity reserve is included in the
cost of service for the microgrid customer.

A consideration that distinguishes microgrids from other
types of consumer with generation capacity is their ability to
provide grid services. This is a clear contrast to the view of
the microgrid as a consumer of grid services. In other words,
the microgrid could offset the benefits, which is not the case
with a generator in which interconnection exists solely for the
benefit of its customers. The grid connection of a microgrid
also favors the system when it provides ancillary services for
maintaining system quality parameters.

The following questions are, thus, relevant:
• Whether interconnection with the system provides a
benefit to the system, or if it provides only benefits to
microgrid customers or both;

• How the costs of providing services related to connect-
ing to the microgrid client grid must be offset by the
services and benefits that the microgrid provides to the
system, if any;

• How the interconnection service should be managed,
i.e., whether it should be through an interconnection
charge or if the utility should directly request ancillary
services or both.

Details of the proposed remunerations are discussed in more
detail in Section 3.11 as a form of regulatory contribution.

7) INTENTIONAL ISLANDING
According to IEEE 1547, an unintentional islanding is an
unplanned event that is typically triggered by loss of the
utility’s grid or equipment failure.

In the event of unintentional islanding, it shall be detected
and distributed generation shall cease to be supplied to the

grid within two seconds of the formation of the island. This
measure is the one most adopted by utilities.

Intensifying distributed generation penetration posesmajor
technical challenges for power utilities and one of the biggest
is the ability to operate in islanded mode. Islanding is the
mode of operation in which the generating station supplies
an electrically isolated portion of the access distribution
system [36].

This mode of operation is not a new issue in the study of
electrical systems. However, most analyzes in Brazil were
aimed mainly focused at system protection against island
formation, typically not allowing this type of operation.

There are differences between islanding and anti-islanding
considerations that need to be clarified [37]. The IEEE 1547
anti-islanding provisions [38] are intended to prevent unin-
tended islanding of grid-connected generation. Separate pro-
visions also provide standards for intentional islanding [17].
Anti-islanding is a vital safety feature of protection systems
and is not to be removed from the standard in future revi-
sions. In order to be compatible with established regula-
tions, distributed generation systems should be automatically
switched off in case of interruption to prevent unintended
islanding. As for intentional islanding, recent changes to
IEEE 1547 provide some of the key provisions to enable
this practice, where an isolable generation source is designed
to operate both on-grid and off-grid. The main difference
between anti-islanding and intentional islanding is that once a
system is intentionally islanded, anti-islanding requirements
no longer apply. The islanded system is disconnected from
the grid and, thus, does no longer poses a safety concern.

The advantage of intentional islanding operation over
standby power outages is that intentional islanding allows
for a controlled transition process, which prevents potential
failures or microgrid supply quality requirements and also a
smooth reconnection to the grid, reducing potential voltage
sags by connecting loads.

Utilities currently prefer to avoid islanding at all because
of the consequences that an unintended islanding can lead to.
A concern refers to the safety of the personnel responsible for
maintaining the distribution grid since there may be equip-
ment powered by the distributed generation. This can lead to
accidents and possible damage, especially in the service of
power restoration. In addition, severe damage to distributed
generation with rotating machines can be caused due to the
possibility of out-of-phase reconnection.

In the case ofmicrogrids, there is still no specific regulation
for this modality. What is understood by the current regula-
tion is that operations where there is a risk of power injec-
tion into the grid by distributed generation sources during a
contingency period are not allowed. This is the example of
islanding. The isolated operation of sources and loads, during
the contingency period is allowed provided that no power
injection occurs into the faulted grid.

Consideration should be given to the impact on the quality
of energy delivered to consumers in the islanded area when
analyzing the intentional islanding of the microgrid since
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the distributed generation voltage and frequency controls
are sometimes not configured to sustain an islanded system.
In addition, according to the current regulation the utility
is still responsible for the energy offered to the consumers,
even if it does not have control of the distributed generation
operation. This is a reason why many distribution companies
do not desire islanded operation. However, a proper regula-
tory framework can be established that allows distribution
companies to guarantee the quality of energy delivered to
the final consumer. In many cases the utility could have the
benefits of the high penetration of distributed generations
allowing the formation of isolated subsystems in its local
grid. Islanding happens intentionally in such cases because
the operator is aware and agrees to this.

There must be a motorized coupling circuit breaker or an
electronic grid coupling system to make intentional islanding
possible. This is similar to the devices used in parallel-
connected generation units. It should be located at the con-
nection point between the main system and the microgrid to
allow the islanding and reconnection of the island to the main
system. A device that ensures the synchronism check function
at reconnection times must control them, e.g. a synchronism
check relay. In addition, a relay that prevents the reverse
flow of energy at times when the microgrid is intentionally
islanded must be present.

The success of an islanding depends on the condition of
the grid before the islanding, especially the power flow in the
coupling circuit breaker, the characteristic of the microgrid
internal generating units, the disturbance that led to the for-
mation of the island and the islanding detection time.

Detection of islanding is essential, as steps must be taken
to fully establish the new mode of operation. The selection
of the distributed generation control/operation mode and the
reconfiguration of the protection system within the island
should be immediately performed following the detection of
an islanding condition. Planned control actions such as load
shedding or change in power generation and storage should
be initiated if necessary.

Proper planning is required for the islanding scheme to be
implemented since the transition between modes of opera-
tion must be guaranteed. The quality of the energy within
the islanded microgrid, the successful disconnection of it
and its subsequent parallelism with the main system should
be verified through previous studies. Operating microgrids,
especially in island mode, requires the adoption of relatively
new knowledge and technologies. In this regard, efforts must
be made to overcome regulatory challenges and address tech-
nical deficiencies such as the need for automation and the
implementation of data communication systems.

Intentional islanding in Brazil, i.e., when a generating plant
supplies to an electrically isolated portion of the distribution
system, is also addressed in PRODIST [39]. PRODIST Mod-
ule 8 establishes the general power quality requirements that a
utility must fulfill. Distributed generation operation currently
only occurs when connected to the main system, whereas
islanded operation is typically vetoed by the utilities due to

the lack of studies that guarantee system level safety, except
in the case of isolated systems.

PRODIST Module 3 provides on islanding, advising that
the utility may establish the island operation of part of the
distribution system in agreement with the power generating
plants provided that the operating procedures contained in
PRODIST Module 4 - Distribution System Operating Proce-
dures are met. This guideline shows that the utilities are not
forced to accept an islanded unit. However, Module 3 estab-
lishes that a technical assessment of the possibility of island
operation involving service to consumer units should bemade
for generating plants with installed power above 300 kW.
Studies must be made to evaluate the power quality in the
associated microgrid in order to opt for island operation.
An automatic parallelism circuit breaker opening system shall
be used when island operation is not allowed. Thus, even
if the island operation is interesting for both the utility and
the accessor, quality and protection studies that guarantee the
quality and safety of the grid should be made to ensure its
viability. Islanded operation is not allowed if they are not done
and generation should be disconnected in the event of failure
using anti-islanding protections.

If island operation is permitted for the generating plant,
the conditions shall be established in an operating agreement
between the parties in the operating relationship between the
utility and the microgrid operator. The procedures set forth
in Module 4 of PRODIST - Distribution System Operating
Procedures - regarding this type of operation must also be
observed. PRODIST Module 4 provides on islanded opera-
tion that the generator responsible for frequency control of
the electrically isolated portion of the distribution system
shall be provided with Automatic Generation Control (CAG)
or any other technology capable of performing the same
function if islanding is done permanently or for a long time.
In addition, the unit shall provide the necessary information
for the elaboration of steady state and transient studies and,
when requested by the utility, adjust the parameters of the
control systems in order to guarantee the proper performance
of the system. Thus, if there is a need to make intentional
islanding possible, the utility may request alteration of the
parameters of the voltage and speed regulators if necessary.
This is an interesting fact since it adds an option that can be
changed if the initial studies show the impossibility with this
mode of operation [34] or to if increasedmargins of quantities
that limit the viability of the islanding are needed. Thus, it is
noted that there are favorable conditions for the formation of
microgrids in the current regulatory framework. Regarding
quality, there would be no major obstacles [34] as long as the
provisions of Module 8 are followed. Each microgrid could
be operationally seen as a customer by the utility, respecting
a bilateral document called Operating Agreement (AO) [34].
Finally, there is a need for studies so that islanding is proven
to be viable and safe. The conclusion here is that there are no
regulatory barriers for intentional islanding as long as studies
and operational agreements are properly done and give the
technical support to it.
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III. PROPOSALS FOR REGULATORY CHANGES
Microgrids can be considered disruptive technology in in
many situations as they introduce features that did not previ-
ously exist in conventional power systems. However, most of
the barriers to a successful microgrid project implementation
are institutional [23] and financial.

There are also issues that will be probably defined with the
increase in the insertion of microgrids in the electric power
system. These include hardware interfaces, communication
interfaces and protocols, which should be preferably stan-
dardized for interoperability. This will foster cost savings and
flexibility for the end user and the utilities so that they can
incorporate microgrids into their operations while increasing
a consumer’s ability to access options and pricing appropriate
to the level and type of service that is received [18].

Overall, the regulatory context in Brazil is adjusting to
the inclusion of microgrids in the system in accordance with
the 2020/2021 Brazilian regulatory agenda [40]. However,
there are still some regulatory deficiencies that need to be
addressed, as it is a fairly recent discussion. Firstly, it is
important to highlight that the microgrids are not currently
in force and completely defined as entities in view of the
existing regulation in the Brazilian electricity sector. As a
result, microgrids that may be deployed will have to antic-
ipate the first regulatory aspects based on ownership and
service characteristics. In this sense, it is important to verify
how the microgrids will be seen and treated by the regulatory
agencies.

According to a research published by the Brazilian Soci-
ety of Energy Planning - SBPE [41], the establishment and
practice of microgrids are still uncommon, as this type of
technology demands profound changes in the philosophy of
planning and operation of distribution systems, in addition to
still high installation costs. The permission for a microgrid to
operate in islanded mode is a decision of the distribution grid
operator. Thus, the negotiated the permission for intentional
islanding is also included in the framework of the proposals
made here. This should be done until a specific regulation on
the subject is published.

The specific terms of a microgrid regulation should vary
according to particular characteristics, including the deployed
technologies, if the system is located entirely on private prop-
erty, if it crosses a public road, if it serves multiple customers
not previously served by the utility, if it serves regulated or
free customers, the size of the microgrid distribution area [27]
and, if interacts with other microgrids in a technical and/or
economic agreement.

A. REMUNERATION OF SURPLUS GENERATION
Economical drivers are typically good tools to encourage a
desired practice or trend. Thus, the likelihood of adherence
will increase if it is possible to increase the return obtained
by the consumers by participating in microgrids.

One option for remuneration of surplus generation would
be to sell it on the free market, but without reduced lev-
els of technical and bureaucratic requirements to aid small

generators to enter this commercial environment. Special
rules could be implemented that would allow the creation
of a new concept of consumer-generator agent that has a
generation surplus in accordance to the proposal in [42]. This
agent would be able to sell its surplus in the free market
and would be represented at the Chamber of Commerce of
Electric Energy (CCEE), by some agent, which would in turn
facilitate the participation of this consumer generator in the
Free Market Environment (ACL). In this context, the retailer
comes in as a possible solution. This agent would be respon-
sible to better negotiate by doing so with the sum of the
surpluses of several consumers or several microgrids within
the ACL.

It is noteworthy here that the current scenario is of growth
resumption and requires a profound review of the expan-
sion model of demand for the energy matrix in Brazil [43].
In this environment, we will soon see more industrial and
commercial customers search for the free market, i.e., energy
contracts outside the utilities monopoly environment. The
competitiveness is created by the high attractiveness of
reduced prices of photovoltaic solar generation, meeting
shorter deadlines in the implementation of new projects and
matching the generation and consumption curves of potential
consumers. What is needed here is to improve the prioriti-
zation mechanisms for access to the distribution grid. Where
Regulated Trading Environment (ACR) based contracts have
an advantage over ACL models. Thus, a joint action in this
direction may leverage not only the photovoltaic solar source,
but also all the businesses involving the insertion of micro-
grids.

It could be also advantageous to create the figure of gen-
eration and demand aggregators, which will be those that can
integrate generation and demand surpluses of small energy
blocks coming from microgrids and distributed generation
units. Their aggregation would ideally provide an adequate
volume to trade in the market as if it were a virtual plant [42].
It is evident that the regulatory context will tend to evolve to
allow the commercialization of surplus generation, both from
distributed generation and microgrids.

The system owner should be able to choose between trad-
ing this additional energy and using it to offset its consump-
tion with the local utility. This will help distributed generation
to expand and new business opportunities to be appear, such
as companies specializing in the deployment and operation
of distributed generation power plants, roof rents and the
creation of electric communities for the viability of a project.
This proposal should also go through further discussions to
make commercialization feasible, such as the incidence of
taxes and the cost of energy transportation.

Of course, this is one of the ways in which surplus energy
can be traded. Just as it works today for some customers who
can choose to stay in the regulated market or move to the free
market, it would be interesting that a microgrid could choose
to trade at the CCEE through an aggregator trader, or sell the
surplus directly to the utility as a regulated consumer unit,
or use energy surplus to offset its consumption with the local
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utility, which is the only option legally available. Regulatory
model proposals should consider the three aforementioned
possibilities, as the energy surplus valuation would differ
depending on the possibility considered. At first, the most
advantageous option would be to market through an aggre-
gator, but it is an option that is more complex than the others
and needs more adaptation to the current rules.

B. DEALING WITH DIFFERENT MICROGRIDS
CASE BY CASE
It is evident that each microgrid will have its particular char-
acteristics, as well as different consumer protection issues,
based on location, type of customers, owner of the microgrid,
and specificities of operation. Therefore, competent bodies
should analyze the regulatory specificities on a case-by-case
basis, taking into consideration issues such as:

• The size of the microgrid in terms of number of cus-
tomers and installed load;

• Whether the microgrid is operated for economic gain;
• How microgrid services are offered to customers,
including whether the service is offered at a fixed price
or through contracts;

• The obligation of a consumer to become a client of the
microgrid;

• The type of customers that the microgrid serves;
• The potential influence of microgrid on off-load, which
may be potentially affected by its existence.

The regulation for a specific microgrid can be modeled
once the above issues are defined and respecting the general
regulatory framework that will be adapted for the insertion of
microgrids.

One of the issues that must be decided according to the
particularities of the microgrid is the supply obligation. This
is stated in [19] as one of the main challenges to be addressed
for the correct inclusion of microgrids in the regulatory and
legal context of the city of New York. For physical micro-
grids, if the regulatory body determines that they have an
obligation to serve, it may also consider that the microgrid
is the last resort provider. For microgrids serving customers
that were previously interconnected with the local utility,
or who continue to receive backup service from the utility,
the last resort provider is likely to remain the local distribution
company. Thus, it is expected that this obligation will exist for
microgrids serving areas that would otherwise be electrically
isolated from the distribution system. Ultimately, the require-
ment will depend on the customer’s accessibility to the local
distribution company.

This would probably require the microgrid to service at the
request of a potential customer and would also probably lead
to a more complex tax structure.

C. BUSINESS MODELS FOR THE UTILITY IN CASE OF
OWNERSHIP OF PARTIAL OR TOTAL OWNERSHIP
Electricity utilities will face increased competition on sev-
eral fronts following the downward trend of costs for

renewable resources; microgrids; and, other technologies.
It seems unlikely that the traditional business model will
survive in its present terms, although it might not be doomed
to complete extinction. A survey of top executives from more
than 50 energy companies revealed that the existing business
model is expected to transform or even be unrecognizable by
2030 [44]. It is important to gain an understanding of potential
alternatives to the current electricity business model based on
such high expectations for transformation.

There are different models that the utility could adopt to
better fit the increasing penetration of microgrids and dis-
tributed generation in the electrical system. These include:

• The utility builds, owns and operates the distributed
generation systems and microgrids;

• The utility forms partnerships with third parties devel-
oping the microgrids, including some level of revenue
sharing;

• The utility is the operator of a virtual power generation
plant;

• The utility becomes a provider of electricity services.
The results of the economic modeling described in [45]

show that utility’s classic business model would be less
affected by greater microgrid penetration if the utility chooses
to build, own and operate the systems rather than oppose their
growth and risk a competition with a third party developer.
However, the utility’s investors may not incur large capital
expenditures in the implementation of microgrids and the
relevant regulatory bodies may not grant tariff adjustments to
recover the cost of microgrid deployment. The solution may
be a partnership with third parties that would include some
level of cost and revenue sharing when the regulatory and
investment risk is considered. For example, the utility may
hire a third party service to design and build microgrids, but
all power would be sold to the utility. It would share a portion
of the microgrid power sales with the third party developer
until their costs are recovered in exchange for those services.
The utility would fully assume ownership of the microgrids
and receive 100% of its generation sales as soon as the third-
party developer recovers its costs.

In addition to the partnership approach with third parties,
there is also the possibility of creating a business model
where the utility is seen as the operator of a virtual gen-
eration plant, which is an alternative model that utilities
could use to incorporate distributed generation into their
flow of revenue. The utility should aggregate generation to
help balance supply and demand as well as relieve grid
congestion as a virtual plant operator. This strategy could
either improve reliability or postpone the need for system
improvements.

From the standpoint of the utility model, the price would
be based on the value of the services provided by the utility.
Customers select from a list of services they need and pay
according to the value of those services. This model increases
the equity of the utility’s customers and ensures that the
utilities, distributed generation owners and microgrids are
properly compensated [45], [46].
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D. MICROGRID SEEN BY THE UTILITY AS SINGLE
CUSTOMER (OPERATING AGREEMENT)
The operator allows a series of innovations and tailored oper-
ations by allowing the customer or the microgrid to be man-
aged according to its needs and then acting as a single entity
aggregated to the distribution system. The interconnection
point only needs to identify if power is being injected into the
grid or if it is being imported by the microgrid. On the other
hand, although microgrids can be simply viewed as a form
of distributed generation, these systems deserve a separate
discussion since they offer a number of unique issues that
need to be addressed. Charges for utility backup services need
to be reviewed for each application in a scenario of multiple
clients connected at a single connection point, just as the
applicable interconnection standards need similar analysis.

Regulatory uncertainties are created when one person
within a microgrid sells energy to another using existing
utility lines within the microgrid [47] as mentioned.

E. DEFINITION OF NEW MARKET PARTICIPATING AGENTS
According to [26], [44], utilities seem to support the idea of
defining new market participants. These are mainly a system
integrator or operator of coordination between the microgrids
and other forms of distributed energy. In this case, the system
integrator would be somewhat analogous to the CCEE, which
hosts the free market energy, and would play a similar role for
microgrids and other forms of distributed energy, acting as a
central entity that manages markets, tariffs and systems in a
geographic region.

These system integrators are a purely conceptual model.
However, controversy still exists over who should play the
role of system integrator. In the survey [45], the utilities
believe that they themselves should act as system integra-
tors in their concession region. Consideration should also
be given to how this issue will be viewed in regulatory
terms as the system integrator may have a large market
influence.

F. SPECIFIC REGULATION REGARDING INTENTIONAL
ISLANDING FOR MICROGRIDS
It is relevant to study intentional islanding as it is seen as
an essential feature for microgrids [17], [48]. The regulation
on this subject should establish an appropriate framework for
microgrid development and proliferation.

The general interconnection framework should be
reviewed and the following specific issues are to be consid-
ered:

• During islanding, the distributed generation resources
operate in a grid with drastically altered characteristics
while performing regulation and control functions.

• Intentional islanding of grid sections should be allowed
without loss of local generation, while unintended, and
potentially harmful, islanding should be avoided. The
overcurrent protection devices may no longer be effec-
tive in islanded operating mode due to the expected low
short circuit currents.

• Standardization of grid and construction components
will also have to reach parts of the grid where a micro-
grid is expected to operate. This would require the
installation of controllable interconnect circuit break-
ers and parallelism means at the full-grid coupling
point, for example, at the low voltage buses of a dis-
tribution substation where fuses would be typically
sufficient. Modified mains protection devices may be
required within a section of a microgrid, along with
specific neutral grounding arrangements in mains isola-
tion. Adequate communication infrastructure may also
be required along with power lines [16]. In gen-
eral, utility will have to modify their grid devel-
opment practices where microgrids are expected to
form.

If interconnection is at the distribution level, an intercon-
nection agreement must be made between the microgrid and
the local utility. Distributed resources, including microgrids,
must meet the technical requirements that enable parallel
operationwith the utility system. Themicrogridmay be inten-
tionally islanded to maintain critical loads during a mains
fault. It is essential that islanding is intentional, as it ensures
that the energy resources contained in the microgrid will not
inadvertently energize the surrounding grid [47].

Some microgrid critics have raised security concerns, par-
ticularly when microgrids are disconnected and reconnected,
saying the process could disrupt grid reliability. However,
most utilities interviewed in the survey reported in [44] do
not see microgrids as a significant threat to grid reliability,
with only 23% of respondents saying that having multiple
microgrids connected to the grid would increase the risk
of a central grid failure within a service territory of the
utility.

G. ADEQUACY OF FIXED INSTALLMENT PAID FOR
GRID-CONNECTED MICROGRIDS TO PROMOTE ENERGY
EFFICIENCY AND OPTIMIZED GRID USAGE
The availability cost is charged from low voltage consumer
units in Brazil even when the energy injected into the grid
is higher than the consumption. This is the value in money
equivalent to 30 kWh (single-phase), 50 kWh (two-phase) or
100 kWh (three-phase). Medium voltage consumers would
have the energy portion of the invoice equal to null in a similar
situation and the portion of the invoice corresponding to the
contracted demandwill be normally billed. However, the con-
tracted availability or demand cost charged to the power
compensation policy is designed with a single consumer in
mind. In the case of microgrids, it should be considered
whether it is fair that the same fixed cost of each microgrid
participant is charged [44] since the microgrid might have
demand management and be able to cut non-priority loads
if a reduction in generation occurs.

The proposal here is to modulate the cost of availability or
the demand contracted by the reliability level of the generator
set and the way of use of the electric grid to which the
microgrid is connected.
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1) STRATEGIC DISPATCH OF MICROGRIDS
The benefits of microgrids are potentially greater than those
of distributed generation. This is because these systems not
only respond to tariff price signals, but also enable strategic
dispatch and can produce a demand curve that is ideally
controllable, even when customer and utility peaks do not
match. Reliable, programmable demand profiles are of high
potential value to utilities, allowing the expansion of a sub-
station’s infrastructure to be delayed or avoided.

If the utility wishes to encourage peak mitigation behavior
at the feeder, incentives should be created for peak-hour stor-
age to match or exceed expected loss, or to create alternative
tariffs with higher load-accommodating demand rates during
peak events [49].

With the incentive for the efficient use of the proposed grid
given by the coincidence factor at the end of the microgrid,
the focus is no longer on the shift of consumption to off-
peak hours, as is the case with hourly rates, but rather the
reduction and even extinction of this one. This is a more
interesting incentive than simply shifting consumption to off-
peak hours as it permanently solves the problem. Eventual
peak hours in the scenario where the hourly rate brings the
expected result and most consumers respond to price signals
would be shifted from their initial times. Thus, utilities would
be lead to modify the original tariff distribution. This would
create a cycle that would not resolve the issue. If, on the other
hand, a reduction in peak hour consumption is encouraged,
regardless of the time when it occurs, which is the objective
of the incentive to decrease the coincidence factor at the peak,
the reduction of the load will be permanently achieved.

This incentive can only be answered by those entities that
have the capacity and intelligence to respond to it, as is the
case with microgrids. For this reason, we propose the imple-
mentation of this type of incentive for these new systems.

H. REWARDING ANCILLARY SERVICES OF A MICROGRID
Some microgrids may be able to provide surplus power or
other ancillary services to the grid. Thus, the regulatory
framework should contemplate this possibility, so that the
microgrids obtain an extra return from the provision of such
services.

For example, the ability of a microgrid to be islanded
means that it also has the ability to balance its own load and
generation profiles, even if only temporarily. A result is that
it may be able to provide demand response services.

It is common sense that demand response services should
be offset by the market price of energy at the time the energy
is sold. However, there is also the issue of the cost of not meet-
ing the demand from the microgrid, which will not optimally
meet its loads. This cost is not easily calculated and should
be considered when valuing the service [47].

I. NEEDS AND INTERESTS OF STAKEHOLDERS
Even though regulatory changes allow for a variety of ser-
vice features and options and compensation arrangements
adopted by the microgrid, some stakeholder priorities may

be conflicting. For example, a microgrid can manage the
energy stored in a storage system to generate financial return
on surplus energy sales programs and bring a benefit to the
microgrid. It can also use this stored energy as backup energy,
ensuring the ability to address the shortage, which would
benefit the end user, but bring conflict with the previous
usage.

Similarly, when a value is directed to one stakeholder, one
may be shifting the value away from another stakeholder.
For example, a microgrid can generate and sell power to end
users, bringing a benefit to them, but on the other hand it will
be reducing the grid load, which decreases the return of the
local utility.

It is advisable that an analysis of the relationships between
the interests of stakeholders to decide what would the opera-
tion strategy be aiming to meet the priorities of each stake-
holder in the best way possible. This is to be done before
configuring a final regulatory and tariff model.

J. STRATEGIES TO AVOID CROSS-SUBSIDY
A question of equity arises as the utility’s expenses are recov-
ered through tariffs given that a microgrid can consume less
energy as mentioned in 3.9. Other customers must recover
the utility costs if the microgrid consumes less energy in
the current practice. To the extent that microgrids can be
connected where they can bring benefits to the grid, such as
decreased congestion, the fixed costs that also involve grid
upgrades to includemicrogrids can, in principle, be recovered
from the utility’s tariff. This approach would reallocate the
costs of upgrading the grid to all taxpayers who benefit
from the presence of the microgrid, i.e., there would be
a ‘‘payment’’ of fixed costs through a distribution system
improvement service. However, there is no guarantee that
the microgrid will always bring benefits to the grid, as this
depends on a number of factors. On the other hand, it is
important to highlight that the cross subsidy can occur in both
directions.

If the value of microgrid generation is lower than compen-
sation:

• Other utility customers subsidize microgrid customers
and the utility’s fixed costs under-recover;

• There is an upward pressure on tariffs, i.e., cross subsidy.
If the value of microgrid generation is larger than

compensation:
• Microgrid customers subsidize other utility customers;
• The development of microgrids is discouraged.
Utilities have been forced to find solutions to this problem

in some areas of the United States where there is no measure
to avoid cross-subsidy and distributed generation has grown
significantly. According to [50], [51], these solutions can be
grouped into three main approaches aimed at ensuring that
the distributed generation ormicrogrid customerwho pays for
grid services pays their fair share of the costs of those services
offered by the grid, while still receiving fair compensation for
the excess energy it produces. These are:

• Redesign, both, regulated and free consumer tariffs to
better reflect the involved costs, including the adoption
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of one or more demand tariffs, thereby allowing the
appropriate portion of fixed costs to be charged tomicro-
grid customers.

• Charge consumers belonging to the microgrid for their
total consumption under the regulated consumer tariff
and to compensate separately for their total generation.

• Charge the amount of the defined Capacity Reserve to
customers belonging to the microgrid.

A comparison of these three options is presented
in [51] to justify the choice made to circumvent the
problem.

Our proposal is for a choice once again guided by the sim-
plest implementation option, which is the Capacity Reserve
for the microgrids. This allows for an experimental imple-
mentation, greater stakeholder adherence and more easily
perceived results.

K. CAPACITY RESERVE FOR MICROGRIDS
As explained above, we opted to use the Capacity Reserve for
microgrids to avoid cross-subsidies. However, charging this
amount is often challenging because the costs to the utility
of servicing a microgrid vary considerably with the time and
place of installation of the microgrid.

The Capacity Reserve for microgrids is defined as the
charge for services rendered by the utility when the cus-
tomer is not generating. This can be due to a failure, for
example, or when its generation does not fully meet its
demand.

It can work as an incentive to peak demand control for cus-
tomers and is justified by the additional costs of distribution
and cross-subsidy.

It may consist of:
• Fixed charges that encompass supply infrastructure
costs, metering, billing, general services and energy
delivery regardless of customer consumption;

• Volumetric charges that represent the proportion of the
energy that is consumed. Thismay be horizontal and
cover variable generation and maintenance expenses.
It may also be based on the Time of Use Tariff (TOU),
with pricing dependent on in-peak and off-peak periods
or in Real Time Pricing Tariff (RTP), with different
pricing for each hour of the day [3];

• Demand charges that relate to the maximum power
required by the customer at a time of the month, regard-
less of duration or frequency, in order to recover the costs
of proportional capacity directed to that customer in a
shared grid;

• Most utilities using this structure charge some or all of
the following services:

• Power backup in case of generator failures;
• Maintenance to perform scheduled repairs;
• Supplementary energy linked to efficiency reduction;
• More economic energy costs, when the utility can offer
energy production and delivery that costs less than the
customer’s local production;

• Delivery of energy services.

L. OTHER CONSIDERATIONS
In addition to the suggested modifications, it is also impor-
tant to consider the issue of remuneration for other services
provided by the microgrid, such as the supply of reactive
power and the availability of its installed power to be cut by
the utility in case of grid overload, representing a service as
demand response. For these services, they may be paid by
the utility through bilateral agreements as already in practice
in some countries in case of demand response [8]. Thus, the
utility may offer a monthly fee for providing active or reactive
power and pay an hourly rate when this service is actually
requested by the utility.

IV. SUMMARY OF PROPOSED REGULATORY CHANGES
Unlike the business context, there are advances made in the
regulatory context that were aimed at fostering distributed
generation, but that also contributed to advances in the micro-
grid regulatory framework. However, changes in the regula-
tory scenario of modern power systems have been suggested
to not only allow, but also to encourage the insertion of
microgrids.

Important decisions on how the Brazilian regulatory
authorities will treat grid-connected microgrids, including
sales of surplus generation and services that the microgrids
will provide, are to be made in addition to the points that
should be analyzed for the improvement of the Brazilian
regulatory scenario aiming at the insertion of microgrids.

There are certain changes that are not strictly nec-
essary, but that would entitle owners or operators of
microgrids to encourage the creation of these systems.
Among these changes and considerations, we highlight the
following:

• Microgrid owners should have the right to pro-
vide power to interested customers located near the
microgrid;

• Microgrids should have the right to buy and sell to the
local energy utility and be able to negotiate bilateral
agreements with the utility or service aggregators to
provide complementary services;

• Standard interconnection procedures that apply to
microgrids should be adopted;

• Possibility for a microgrid energy storage system to be
charged with power from the utility grid;

• Possibility for regulated consumers to buy energy from
other consumers participating in microgrids and, at a
higher level, from other microgrids;

• The ability of the microgrid to participate in demand
response programs and in the free market to sell sur-
pluses;

• Specification of ancillary services that the microgrid
may provide.

The main tariff flows and their respective transaction
models were previously defined for the model in which a
microgrid is viewed as a single customer for the ‘‘grid con-
nection service’’, but consider each customer belonging to the
microgrid as a single customer for the provision of energy.

VOLUME 8, 2020 94865



M. A. I. Martins et al.: Proposals for Regulatory Framework Modifications for Microgrid Insertion–The Brazil Use Case

TABLE 3. Summary of the main regulation topics related with known
challenges and this work’s proposals.

Measurement for the billing of the use and connection
of the electrical system or, the supply of electricity where
applicable, shall be made in accordance with the conditions
agreed upon by themicrogrid participants, in accordancewith
grid codes and/or marketing rules applicable in each case.
In addition, all costs arising from the contracting of energy
should be prorated according to rules to be defined between
the participants and the owner of the microgrid [10], [11].

Finally, the invoice amount related to the supply or connec-
tion and use of the electrical system shall be divided among
all members of the microgrid in proportion to their use and
consumption.

Table 3 presents a summary of the main topics related to
the specific regulation of microgrids that are discussed in this
article and their application status regarding the current regu-
lation and the possibility of application of the current rules to
insert microgrids. In addition, this table specifies the sections
of this work that discuss the current status of the listed topics
and the proposals for inclusion and improvements that are
made here.

V. RESULTS OF PROPOSALS AND IMPACTS
From the simulation and the actual parallel deployment of a
microgrid in a residential condominium in Brazil, some of the
proposals previously presented were inserted to consolidate
the methodology of the proposals and proof of originality
so that the results and impacts of the proposals are clear to
improve the insertion of microgrids in the current market.

A. SIMULATION SETTINGS
The realistic model was simulated in the Homer (Hybrid
Optimization Model for Multiple Energy Resources) Pro
microgrid software [52], a microgrid optimization software
originally developed at the National Renewable Energy

FIGURE 1. Microgrid representation in Homer Pro.

Laboratory, which includes three tools in a single software,
evaluating the technical and economic feasibility and the cost
of different configurations of variables that form a microgrid.

Figure 1 shows a simulation scheme identical to that
deployed in the residential condominium.

The deployment characteristics of the microgrid in the
residential condominium are:

• 10 Residential participants;
• Priority loads;
• Non-priority loads.
• 1 Energy storage system – Li-ion batteries – 111kWh;
• 10 Roof top PV generator – Residential participants –
2kWp each;

• 5 Energy storage system – Residential participants -
Lead acid batteries – 5kWh each;

• 1 Roof top PV generator – Club – 25kWp
• 1 Roof top PV generator – Entrance – 2kWp;
• 2 Wind generator – 7kW;
Other technical characteristics and results of operation of

the deployment of this microgrid can be better understood and
verified in the references [14], [51], [53]–[59].

B. ECONOMIC VIABILITY RESULTS
Homer analyzes the viability of the microgrid by comparing
it with the base case. The comparison was made between the
case in which only the loads and the electrical grid are consid-
ered (Base system), and the case in which the microgrid with
all sources is deployed (Current system). The base case con-
siders the costs of purchasing energy and costs of measuring
and communication infrastructure. The basic communication
and measurement infrastructure is considered for both cases.
Below in Figure 2, the result of the economic viability of the
microgrid.

The microgrid becomes viable with a payback of less than
10 years, and the simulation considers a 20-year useful life
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FIGURE 2. Economic viability of the microgrid.

TABLE 4. Results from homer simulation.

FIGURE 3. Coincidence factor during the peak. Source: [60].

for the microgrid components, and still has a 9.8% of Internal
Rate of Return (IRR), Table 4 presents the results captured
from Homer simulation.

C. CAPACITY RESERVE RESULTS
The capacity reserve, which represents the amount charged
for the use of the distribution system, weighted according
to the demand profile of the microgrid. The purpose of the
capacity reserve is to encourage the optimal use of the distri-
bution system.

In order to calculate the capacity reserve, it is necessary
to previously calculate the values of: the Coincidence Fac-
tor (CF) and the FORced exit of the microgrid (FOR) based
on real data from microgrid participants and simulation.
Figure 3 defines the microgrid CF graphically.

TABLE 5. Savings with the capacity reserve proposal.

FIGURE 4. Deployment of rewarding ancillary sevices.

To determine the CF during the peak, it is necessary to
define the peak time of the utility’s system, and then analyze
what percentage in relation to the peak demand of the micro-
grid is demanded at that time. From the data provided by the
utility and the residents of the condominium, it was found
that the peak of the aggregate curve happens at 10:30 pm. The
peak coincidence factor calculates howmuch of themicrogrid
peak happens at the system’s peak time. By the result of the
simulation we have that, in the worst month, at 10:30 pm
the average load is 173.4 kW, while the average peak is
289.97 kW. Thus, the CF for this case is 58%.

On the other hand, the FOR is calculated as the rate at
which there is a forced exit from the sources of the microgrid.
Through Homer Pro it was possible to verify that the percent-
age of load that was not met by the sources of the microgrid
is 0.24% of the total annual demand.

Therefore, considering that the microgrid contracts a peak
demand of 293 kWand that the capacity reservemodel is used
for charging the microgrid during peak hours, the microgrid
will be billed for the demand as shown in Table 5. Considering
also that the microgrid, with the stimulus created by the tariff,
decreases consumption at the peak and shifts consumption at
peak hours of the system to other times.

D. REWARDING ANCILARY SERVICES RESULTS
Homer Pro is possible to model the share of demand, as well
as the reduction of peak load. Demand-share programs are
based on incentives to motivate consumers to temporar-
ily reduce or shift part of their demand in response to a
request from the utility or the operator of the microgrid.
Consumers must reduce their consumption at the time and in
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TABLE 6. Methodology for calculating the energy bill of which microgrid
participant.

TABLE 7. Summary of monthly amounts to be paid by microgrid
participants.

the manner requested by the utility, in return for economic
incentives; which should cause variations in consumption
patterns (reduction of peaks, filling of valleys and load shifts),
to promote the desired effects on the load curve served by
the power system. One of the modalities of demand par-
ticipation in a variable tariff environment are the contracts
established between distributor and microgrid, and these con-
tracts must specify benefits for consumers participating in the
microgrid.

The implementation of demand-sharing programs for con-
sumers with variable pricing takes place through the avail-
ability, by consumers, of reductions in part of their load
at the request of the utility operator. The utility determines
where and when the load should be reduced, according to the
operating condition and the severity level.

To exemplify the operation of this strategy, a contract
made between the utility and the operator of the microgrid to
reduce the peak demand during the summer. For this contract,
the distributor will pay a higher amount than the microgrid’s
Levelized Cost Of Energy (LCOE) times the energy amount
cut by the microgrid. Analyzing the two occurrences shown
in Figure 4 (marked in yellow), the cut load was 28.89 kW
in the first case and 26.04 kW in the second. Therefore,
the amount paid by the utility to the microgrid operator for

these occurrences, assuming that the utility pays twice the
LCOE is 78.59 and 70.83.

E. SUMMARY OF METHODOLOGY PROPOSAL FOR
REGULATORY CHANGES
In summary, to quantify the monthly amounts to be paid or
received by each participant in the microgrid, the methodol-
ogy described in Table 6 is adopted.

For the simulation performed, the summary of the val-
ues obtained is shown in Table 7. The difference was also
calculated with respect to the bill before participating in
microgrids. It is noted that in all cases there was a reduction
in the amount to be paid because of the proposed strategies.

VI. CONCLUSIONS
The integration of microgrids with conventional electric
power systems must be carried out in accordance with proper
regulations. As in any sector of society, energy regulation
represents a fundamental point and sets the standards for the
development and adequacy of activity in the energy supply
chain. However, there may be regulatory gaps for this practice
to occur more often and the regulation that encompasses it or
the lack thereof represents one of them.

An important conclusion is that the current Brazilian reg-
ulatory and tariff scenario is already at an adequate level to
allow for the insertion of microgrids.

Questions were presented that are seen as possible critical
points in subsequent changes in the regulatory context of
microgrids and that may therefore be subjected to analysis,
study and discussion in future revisions of the regulatory
framework in Brazil.

Possible changes in the market were raised that lead to the
conclusion that there will be a tendency for the connection
cost to increase, leading to an increase in the availability cost
and creating cross-subsidies. This will happen if the tariff pol-
icy remains as it is today, i.e., with the growing market reduc-
tion due to consumers’ adherence to distributed generation
or participation in microgrids. ANEEL’s AIR No. 04/2018
considers six possible alternative scenarios to start improving
the distribution grid usage tariffs. In this context, it is impor-
tant to promote the transition from utilities as simply energy
suppliers to utilities that operate as system optimizers.

A reform and adaptation of the energy tariff calculation
methodology will be essential due to the increased participa-
tion of distributed generation and microgrids in the Brazilian
energy system. This is to avoid cross-subsidies, making the
tariff system smarter and equipped with seasonal, hourly
and location signaling and providing for the possibility of
providing ancillary services.

There are favorable regulatory conditions for the formation
of microgrids, where system studies need to be performed
for the islanded operation of a microgrid to be proven viable
and safe. There were no regulatory barriers to intentional
islanding as long as a consensus among the involved agents
is achieved.
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Other relevant points to be addressed are: the issue of
strategic microgrid dispatch to permanently control peak grid
demand, the ability to create benefits from postponing and
reallocating investments; the avoidance, for example, of over-
voltage situations that occur when there is over generation;
among others.

The need to model the value of the interruption costs
was identified since microgrids can act to minimize these
costs. This benefit should be considered when evaluating the
viability of such a system.

Some questions remain open due to the lack of specific
regulation for microgrids, but it is clear that an improvement
in the regulation regarding distributed generation is moving
towards an adaptation, even if indirectly, of the regulatory
context. Examples are the adjustments of REN 687 in the
different credit exchangemodels and the adjustments that will
come after AIR No. 04/2018.

The transition from single tariffs to flexible tariffs,
the guarantee of free access to the distribution grids and
the establishment of the energy compensation system can
be considered as the first steps towards the flexibility of the
Brazilian market. The next steps are expected to follow the
European example, in which each consumer contracts his
energy from different suppliers, the utility is remunerated for
the proper maintenance of the grid and a trader negotiates this
energy with the consumer. In this model, the microgrid would
enter as a supplier that the consumer would have the right to
choose.

The presented results approximate reality and real cases
may vary considerably with respect to the results obtained
here, but the simulation brought a validation of the regulatory
and tariff proposals.

ACKNOWLEDGMENT
The authors thank the Brazilian Electricity Regulatory
Agency (ANEEL) and ENEL Distribuição Ceará for the
financial support to the project.

REFERENCES
[1] Renewables 2018 Global Status Report, REN21, Paris, France, 2018.
[2] M. Carpintero-Rentería, D. Santos-Martín, and J. M. Guerrero, ‘‘Micro-

grids literature review through a layers structure,’’Energies, vol. 12, no. 22,
p. 4381, 2019.

[3] K. Milis, H. Peremans, and S. Van Passel, ‘‘The impact of policy on
microgrid economics: A review,’’ Renew. Sustain. Energy Rev., vol. 81,
pp. 3111–3119, Jan. 2018.

[4] Resiliency through Microgrids Task Force Report, Maryland State Govern-
ment, Annapolis MD, USA, 2014.

[5] H. Thomas, B. Kroposki, T. Basso, and B. G. Treanton, ‘‘Advancements
in distributed generation issues interconnection, modeling, and tariffs,’’ in
Proc. IEEE Power Eng. Soc. Gen. Meeting, Tampa, FL, USA, Jun. 2007,
pp. 24–28, doi: 10.1109/PES.2007.385766.

[6] C. Linvill, J. Shenot, and J. Lazar, ‘‘Designing distributed generation tariffs
well,’’ in Proc. Regulatory Assistance Project (RAP), Nov. 2013, pp. 1–60.

[7] W. Feng, M. Jin, X. Liu, Y. Bao, C. Marnay, C. Yao, and J. Yu, ‘‘A review
of microgrid development in the united states—A decade of progress
on policies, demonstrations, controls, and software tools,’’ Appl. Energy,
vol. 228, pp. 1656–1668, Oct. 2018.

[8] N. Mohammad and Y. Mishra, ‘‘The role of demand response aggregators
and the effect of GenCos strategic bidding on the flexibility of demand,’’
Energies, vol. 11, no. 12, p. 3296, Nov. 2018, doi: 10.3390/en11123296.

[9] Camara dos Deputados. Accessed: Dec. 30, 2019. [Online]. Available:
http://www.planalto.gov.br/ccivil_03/leis/l8987compilada.htm

[10] ANEEL. Accessed: Dec. 30, 2019. [Online]. Available: http://www2.
aneel.gov.br/cedoc/ren2012481.pdf

[11] ANEEL. Accessed: Dec. 30, 2019. [Online]. Available: http://www2.
aneel.gov.br/cedoc/ren2004077.pdf

[12] ANEEL. Accessed: Dec. 30, 2019. [Online]. Available: http://www2.
aneel.gov.br/cedoc/ren2012482.pdf

[13] ANEEL. Accessed: Dec. 30, 2019. [Online]. Available: https://www2.
aneel.gov.br/cedoc/ren2015687.pdf

[14] C. Q. Pica, M. A. I. Martins, T. N. Leites, and N. Rodrigues, ‘‘The Reg-
ulatory Challenge of Integrating Microgrids in the Brazilian Context,’’ in
Proc. IEEE PES ISGT LATAM, Montevideo, Uruguay, Oct. 2015, pp. 5–7
doi: 10.1109/ISGT-LA.2015.7381144.

[15] T. Sachs, A. Gründler, M. Rusic, and G. Fridgen, ‘‘Framing micro-
grid design from a business and information systems engineering per-
spective,’’ Bus. Inf. Syst. Eng., vol. 61, no. 6, pp. 729–744, Dec. 2019,
doi: 10.1007/s12599-018-00573-0.

[16] M. Saleh, Y. Esa, M. E. Hariri, and A. Mohamed, ‘‘Impact of informa-
tion and communication technology limitations on microgrid operation,’’
Energies, vol. 12, no. 15, p. 2926, 2019.

[17] L. Mariam, M. Basu, and M. F. Conlon, ‘‘Microgrid: Architecture, policy
and future trends,’’ Renew. Sustain. Energy Rev., vol. 64, pp. 477–489,
Oct. 2016.

[18] S. Marzal, R. Salas, R. González-Medina, G. Garcerá, and E. Figueres,
‘‘Current challenges and future trends in the field of communication
architectures for microgrids,’’ Renew. Sustain. Energy Rev., vol. 82,
pp. 3610–3622, Feb. 2018.

[19] New York State Energy Research and Development Authority. Microgrids:
An Assement of the Value, Opportunities and Barriers to Deployment in
New York State, New York, NY, USA, Sep. 2010.

[20] R. Fuentes, ‘‘Net metering en Chile,’’ in Proc. Comisión Nacional de
Energía, Gobierno de Chile, 2013, pp. 3–20.

[21] CELESC. Accessed: Dec. 30, 2019. [Online]. Available: https://www2.
aneel.gov.br/aplicacoes/consulta_publica/detalhes_consulta.cfm?
IdConsultaPublica=256

[22] D. Xu and Y. Long, ‘‘The impact of government subsidy on renewable
microgrid investment considering double externalities,’’ Sustainability,
vol. 11, no. 11, p. 3168, 2019.

[23] C. Wouters, ‘‘Towards a regulatory framework for microgrids—The singa-
pore experience,’’ Sustain. Cities Soc., vol. 15, pp. 22–32, Jul. 2015.

[24] R. K. Oueid, ‘‘Microgrid finance, revenue, and regulation considerations,’’
Electr. J., vol. 32, no. 5, pp. 2–9, Jun. 2019.

[25] A. Ali, W. Li, R. Hussain, X. He, B. Williams, and A. Memon, ‘‘Overview
of current microgrid policies, incentives and barriers in the European
union, united states and China,’’ Sustainability, vol. 9, no. 7, p. 1146, 2017.

[26] J. Yu, C. Marnay, M. Jin, C. Yao, X. Liu, and W. Feng, ‘‘Review of
microgrid development in the united states and China and lessons learned
for China,’’ Energy Procedia, vol. 145, pp. 217–222, Jul. 2018.

[27] T. Stanton, ‘‘Are smart microgrids in your future? Exploring challenges
and opportunities for state public utility regulators,’’ Nat. Regulatory Res.
Inst., Columbus, OH, USA, Tech. Rep. 12-15, 2012.

[28] Tarifa Branca. ANEEL. Accessed: Dec. 30, 2019. [Online]. Available:
http://www.aneel.gov.br/tarifa-branca

[29] ANEEL. Accessed: Dec. 30, 2019.[Online]. Available:
https://www.aneel.gov.br/documents/656877/18485189/6+Modelo+de+
AIR+-+SRD+-+Gera%C3%A7%C3%A3o+Distribuida.pdf/769daa1c-
51af-65e8-e4cf-24eba4f965c1

[30] Presidencia da Republica. Accessed: Dec. 30, 2019. [Online]. Available:
http://www.planalto.gov.br/ccivil_03/leis/l9074cons.htm

[31] Presidencia da Republica. Accessed: Dec. 30, 2019. [Online]. Available:
http://www.planalto.gov.br/ccivil_03/leis/L9648cons.htm

[32] ONS. Accessed: Dec. 30, 2019. [Online]. Available: http://www.ons.org.
br/sites/multimidia/Documentos%20Compartilhados/acesso_conexao/
informacoes-basicas.html

[33] C. Villarreal, D. Erickson, and M. Zafar, Microgrids: A Regulatory Per-
spective. San Francisco, CA, USA: California Public Utilities Commis-
sion, 2014.

[34] L. Mendonca, ‘‘Proposta de sistema de automação para ilhamento inten-
cional de redes de distribuição com geração distribuída,’’M.S. thesis, Dept.
COPPE, Programa de Engenharia Elétrica, Univ. Federal doRio de Janeiro.
Rio de Janeiro, Brazil, 2014.

VOLUME 8, 2020 94869

http://dx.doi.org/10.1109/PES.2007.385766
http://dx.doi.org/10.3390/en11123296
http://dx.doi.org/10.1109/ISGT-LA.2015.7381144
http://dx.doi.org/10.1007/s12599-018-00573-0


M. A. I. Martins et al.: Proposals for Regulatory Framework Modifications for Microgrid Insertion–The Brazil Use Case

[35] A. L. C. Lavado, ‘‘Os actuais desafios da energia. Implementaçao e utiliza-
çao das energias renovéveis,’’M.S. thesis, Dept. Biol. Animal, Unversidade
de Lisboa, Lisboa Portugal, 2009.

[36] M. Bacelar, ‘‘Avaliação do desempenho estático e dinâmico de uma
microrrede na ocorrência de ilhamentos intencionais,’’ M.S. thesis, Uni-
versidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil, 2013.

[37] M. T. Burr, M. J. Zimmer, B. Meloy, J. Bertrand, W. Levesque, G. Warner,
and J. MacDonald, ‘‘Minnesota microgrids: Barriers, opportunities, and
pathways toward energy assurance,’’ U.S. Dept. Energy, Microgrid Inst.,
Saint Paul, MN, USA, Tech. Rep., 2013.

[38] IEEE. Accessed: Dec. 30, 2019. [Online]. Available: https://standards.ieee.
org/standard/1547-2018.html

[39] ANEEL. Accessed: Sep. 8, 2019. [Online]. Available: https://www.
aneel.gov.br/prodist

[40] ANEEL. Agenda Regulatoria 2020/2021. Accessed: Sep. 16, 2019.
[Online]. Available: https://www.aneel.gov.br/agenda-regulatoria-aneel

[41] SBPE. Accessed: Sep. 8, 2019. [Online]. Available: https://sbpe.
org.br/index.php/rbe/issue/archive

[42] Canal Energia. Accessed: Jul. 29, 2015. [Online]. Available:
https://www.canalenergia.com.br/noticias/4930611/ccee-apresenta-
proposta-para-comercializacao-de-excedente-de-gd

[43] ABSOLAR. Accessed: Oct. 7, 2019. [Online]. Available:
http://www.absolar.org.br/noticia/artigos-da-absolar/acelerando-a-fonte-
solar-fotovoltaica-no-mercado-livre-de-energia.html

[44] The Utility View of Microgrids, Utility Dive, Sacramento, CA, USA, 2014.
[45] B. Kaldunski, An Economic Analysis of Solar PV Microgrids: Are They

a Cost-Effective Option for Solar Deployment in Madison. Madison, WA,
USA: WIDRC, Oct. 2014.

[46] L. Barros, ‘‘Avaliação de modelos de negócio para energia solar foto-
voltaica no mercado de distribuição brasileiro,’’ M.S. thesis, Dept.
Interunidades Energia, Univ. de São Paulo, São Paulo, Brazil, 2014.

[47] Reforming the Energy Vision, NYS, New York, NY, USA, 2014.
[48] C. Marnay, H. Asano, S. Papathanassiou, and G. Strbac, ‘‘Policymaking

for microgrids,’’ IEEE Power Energy Mag., vol. 6, no. 3, pp. 66–77,
May 2008.

[49] N. DeForest, M. Stadler, C. Marnay, and J. Donadee, ‘‘Microgrid dispatch
for macrogrid peak demandmitigation,’’ BerkeleyNat. Lab., Berkeley, CA,
USA, Tech. Rep. LBLN-81939, 2012.

[50] L. Wood and R. Borlick, ‘‘Value of the grid to DG customers,’’ in Proc.
Innov. Electr. IEE Issue Brief, Washington, DC, USA, Sep. 2013, pp. 1–8.

[51] C. Q. Pica, M. A. I. Martins, T. N. Leites, and N. Rodrigues, ‘‘Proposi-
tion of alternatives for microgrid insertion in Brazilian’s regulatory con-
text,’’ in Proc. IEEE PES Innov. Smart Grid Technol. Latin Amer. (ISGT
LATAM), Montevideo, Uruguay, Oct. 2015, pp. 5–7, doi: 10.1109/ISGT-
LA.2015.7381243.

[52] Homer Pro. Accessed: Jul. 29, 2015. [Online]. Available: https://www.
homerenergy.com/

[53] M. A. I. Martins, C. Q. Pica, V. Maryama, B. Pacheco, M. L. Held-
wein, and J. N. R. da Silva Junior, ‘‘Design and implementation of a
microgrid power management unit using a back-to-back converter in a
residential condominium connected at medium voltage,’’ in Proc. IEEE
13th Brazilian Power Electron. Conf. 1st Southern Power Electron. Conf.
(COBEP/SPEC), Fortaleza, Nov. 2015, pp. 1–5.

[54] V. S. Zeni, V. Maryama, M. A. I. Martins, I. L. Bianchini, C. Q. Pica,
M. L. Heldwein, A. S. e Silva, and J. N. R. da Silva, ‘‘Droop-controlled
integration of diesel generator sets in uninterruptible supply systems using
back-to-back converters,’’ in Proc. 42nd Annu. Conf. IEEE Ind. Electron.
Soc., Oct. 2016, pp. 2265–2270.

[55] B. A. Pacheco, M. A. I. Martins, C. Q. Pica, and N. Rodrigues, ‘‘A
case study of adaptive microgrid protection during transitions and oper-
ations,’’ in Proc. Brazilian Power Electron. Conf. (COBEP), Nov. 2017,
pp. 1–5.

[56] C. Q. Pica, M. A. I. Martins, T. N. Leites, B. A. Pacheco, and N. Rodrigues,
‘‘A new topology for load management in smart grid residences,’’ in Proc.
IEEE 8th Int. Symp. Power Electron. for Distrib. Gener. Syst. (PEDG),
Apr. 2017, pp. 1–5.

[57] I. L. Bianchini, M. A. I. Martins, C. Q. Pica, V. S. Zeni, and
N. Rodrigues, ‘‘Microgrid test setup and procedures implemented on a real
pilot project,’’ in Proc. IEEE 8th Int. Symp. Power Electron. for Distrib.
Gener. Syst. (PEDG), Apr. 2017, pp. 1–4.

[58] B. A. Pacheco, M. A. I. Martins, C. Q. Pica, and N. Rodrigues ‘‘Medium
voltage microgrid test setup and procedures implemented on a real pilot
project,’’ Adv. Sci., Technol. Eng. Syst. J., vol. 3, no. 1, pp. 234–238,
2018.

[59] A. X. Pimentel, D. Calvo, J. N. R. Silva, L. H. M. Leite,
M. A. I. Martins, and T. N. Leites, ‘‘Design and implementation of
a grid-connected microgrid in medium voltage Brazilian distribution
network—Architecture, control and regulatory challenges,’’ Int. Council
Large Electr. Syst., Paris, France, Tech. Rep., 2018.

[60] Peak Demand and Time-Differentiated Energy Savings Cross-Cutting Pro-
tocols, N. Consulting, New York, NY, USA, 2013.

MARCOS AURELIO IZUMIDA MARTINS
(Student Member, IEEE) received the B.S. and
M.S. degrees in electrical engineering from the
Federal University of Santa Catarina, Brazil,
in 2005 and 2006, respectively.

From 2006 to 2014, he worked with indus-
try, including research and development of auto-
matic voltage regulators (AVR), speed governor
and static var compensator (SVC) for Toshiba.
He is currently a Project and Business Manager

with CERTI Foundation, Brazil. His research interests include regulation and
policy for microgrids, new solutions for better operation andmaintenance for
distribution grid, and power electronics for distributed generation.

RUBIPIARA FERNANDES received the B.S.,
M.S., and Ph.D. degrees in electrical engineer-
ing from the Federal University of Santa Catarina
(UFSC), Florianópolis, Brazil, in 1985, 1995, and
2006, respectively.

Since 1991, he has been developing teaching
and research activities with the Federal Institute
of Santa Catarina–IFSC. He has been working
with the Brazillian Electrical Sector restructuring
process and his main fields of interest are power

market simulation and regulation, power system planning and optimization,
distributed energy resources, and demand response programs.

MARCELO LOBO HELDWEIN (Senior
Member, IEEE) received the B.S. and M.S.
degrees in electrical engineering from the Federal
University of Santa Catarina (UFSC), Florianópo-
lis, Brazil, in 1997 and 1999, respectively, and the
Ph.D. degree from the Swiss Federal Institute of
Technology (ETH Zurich), Zurich, Switzerland,
in 2007.

From 1999 to 2003, he worked with industry,
including research and development activities at

the Power Electronics Institute, Brazil, and Emerson Network Power, Brazil
and Sweden. He was a Postdoctoral Fellow with ETH Zurich, and UFSC,
from 2007 to 2009. He is currently an Associate Professor with the Depart-
ment of Electronics and Electrical Engineering, UFSC. He is a member of
the Brazilian Power Electronic Society (SOBRAEP). He is also a member of
the Advisory Board of PCIM Europe. He is also an Associate Editor of the
IET The Journal of Engineering.

94870 VOLUME 8, 2020

http://dx.doi.org/10.1109/ISGT-LA.2015.7381243
http://dx.doi.org/10.1109/ISGT-LA.2015.7381243

	INTRODUCTION
	MICROGRID RELATED REGULATIONS IN BRAZIL: HISTORY, QUESTIONS AND CHALLENGES
	REGULATORY HISTORY IN BRAZIL
	QUESTIONS ON MICROGRID REGULATION
	CHALLENGES FOR THE INSERTION AND AGGREGATION OF MICROGRIDS IN THE BRAZILIAN REGULATORY CONTEXT
	TARIFF STRUCTURE
	ACCESS AND CONNECTION OF MICROGRIDS TO THE ELECTRICITY GRID
	CURRENT INTERCONNECTION RULES
	EXISTENCE OF REGULATED MARKET
	CROSS-SUBSIDY
	COST OF CONNECTION
	INTENTIONAL ISLANDING


	PROPOSALS FOR REGULATORY CHANGES
	REMUNERATION OF SURPLUS GENERATION
	DEALING WITH DIFFERENT MICROGRIDS CASE BY CASE
	BUSINESS MODELS FOR THE UTILITY IN CASE OF OWNERSHIP OF PARTIAL OR TOTAL OWNERSHIP
	MICROGRID SEEN BY THE UTILITY AS SINGLE CUSTOMER (OPERATING AGREEMENT)
	DEFINITION OF NEW MARKET PARTICIPATING AGENTS
	SPECIFIC REGULATION REGARDING INTENTIONAL ISLANDING FOR MICROGRIDS
	ADEQUACY OF FIXED INSTALLMENT PAID FOR GRID-CONNECTED MICROGRIDS TO PROMOTE ENERGY EFFICIENCY AND OPTIMIZED GRID USAGE
	STRATEGIC DISPATCH OF MICROGRIDS

	REWARDING ANCILLARY SERVICES OF A MICROGRID
	NEEDS AND INTERESTS OF STAKEHOLDERS
	STRATEGIES TO AVOID CROSS-SUBSIDY
	CAPACITY RESERVE FOR MICROGRIDS
	OTHER CONSIDERATIONS

	SUMMARY OF PROPOSED REGULATORY CHANGES
	RESULTS OF PROPOSALS AND IMPACTS
	SIMULATION SETTINGS
	ECONOMIC VIABILITY RESULTS
	CAPACITY RESERVE RESULTS
	REWARDING ANCILARY SERVICES RESULTS
	SUMMARY OF METHODOLOGY PROPOSAL FOR REGULATORY CHANGES

	CONCLUSIONS
	REFERENCES
	Biographies
	MARCOS     AURELIO     IZUMIDA     MARTINS
	RUBIPIARA FERNANDES
	MARCELO LOBO HELDWEIN


