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Abstract: This paper presents an evaluation of public policies for fare social tariffs of electricity in
Brazil by using an economic model of the electricity market (TAROT-Optimized Tariff) that represents
the regulated market of distribution of electrical energy. It was considered the scenario of an increasing
number of prosumers (residential consumers who self-generate energy) in two of the five major
regions of Brazil which have quite different socioeconomic characteristics. However, the current
electricity regulation is the same for all concessionaires. In this work a new public policy is proposed,
allowing the use of regulation in a different way aiming for a best result for Brazil and particularly for
the poor population that today are not able to enjoy the benefits of electricity due to high tariff values.
It is also discussed how this can contribute in a positive way to improve the income distribution in
these regions, which is evaluated by using the GINI index.

Keywords: social electricity tariff; gini index; energy policy; economic market model; smart market;
energy poverty

1. Introduction

The Brazilian energy market is regulated by ANEEL (Brazilian Electricity Regulatory Agency)
which has established the tariff calculation procedures for all distribution companies in the country.
The premises followed by ANEEL ideally aim fair tariffs for consumers and for the electricity
companies. Therefore, public policies are designed to make sure that the population will have
access to electrical energy and the regulatory contractual requirements will be guaranteed for the
concessionaires [1].

1.1. Motivation and Incitement

There are government programs to promote distributed generation (GD) and boost this market
by giving consumers the chance of producing renewable energy [2,3]. In addition, there is also an
electrical energy social tariff (TSEE) program for the low-income population. However, socioeconomic
characteristics are quite different in each region of Brazil, and because of this, the present public
policies, which are a cross-subsidized, do not cause the same impact on all consumers (especially for
the ones living in poor regions [4,5]).

1.2. Contribution

The main contribution of this paper is to review the application of the same public policies for
all regions and propose changes in its formulation, and deciding which best public policy could be
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applied to improve the situation of those consumers. Besides reducing energy poverty, one must also
consider how this policy contributes for improving the income distribution in each region. With the
Smart Grids scenario being globally promoted, a truly Smart Market should also care about minimizing
energy poverty and promoting socioeconomic justice. In Brazil there are both cases of energy poverty,
since for the average income of families, electricity is still too expensive. According to Brazilian
Institute of Geography and Statistics (IBGE) [6,7], 99.8% of the Brazilian residences have access to
electrical energy. The 0.2% of the population corresponds to about 140,000 homes without any access
to electrical energy at all. According public data from ANEEL [8], about 12% of energy consumers are
considered low-income consumers and, therefore, are getting discounts on their energy bills. In order
to cope with these challenges, an economic model of the market is used in this work to reveal the
fallacies of the actual tariff police discount and propose a new public policy. Therefore, after this brief
introduction presenting the motivation for this work and its contributions, this paper is organized as
follows: Section 2 presents a literature review and the currently social electricity tariff scheme used
in Brazil. Section 3 discusses the impact of distributed generation in amplifying the energy poverty
problem. Section 4 presents the fundamentals of the Optimized Tariff (TAROT) economic model and
the use of the GINI index in order to assess the customers income distribution. Section 5 presents
and discusses the simulated results of the proposed energy policy showing the variation in the main
economic variables: tariff, income distribution, socioeconomic welfare. Finally, Section 6 shows the
research work’s main conclusions.

2. Social Electricity Tariff

There are many works in the literature that discuss energy policies, economics and technological
approaches such as measuring energy efficiency in social housing in a case study in Brazil [9],
constructing energy poverty profiles for an effective energy policy [10], policy implications of
energy poverty indicators [11], socioeconomic indicators for the analysis of electricity distribution
concessionaires in Brazil [12], study about reconsidering energy poverty policies [13], the political
economy of energy poverty and what are key challenges [14], a critical perspective on energy poverty
policies in the European Union [15], an evaluation on fuel poverty policy in Northern Ireland using
a geographic approach [16], measurement of spatial socioeconomic impact of energy poverty [17],
the energy poverty and social relations [18], the examination of the relationship between energy poverty
and measures of deprivation [19], strengthening the EU response to energy poverty [20], and also an
energy poverty overview [21]. All these works are showing concern for the less fortunate people who
cannot benefit from electricity because of their socioeconomic conditions, a phenomenon known as
energy poverty. In Brazil’s case, the Electrical Energy Social Tariff (TSEE) [22] is a public policy aimed
at favoring the low-income population and providing better access for this population to the benefits of
electricity. There is no doubt that with electrification, income growth and socioeconomic developments
follow up. But it is relevant to adjust the energy policies to be less bureaucratic, less costly and
more effective for the people in need. Currently in Brazil, the Electrical Energy Social Tariff (TSEE) is
regulated by Law Nr. 12212 of 2010 and by Decree Nr. 7583 of 2013. It covers the Group B consumers,
more specifically the group Bl-Low Income, Indigenous and Quilombola. It consists of tariff discounts
incident over the conventional residential tariff as shown in Table 1. Table 2 indicates how many
low-income consumer units there were in Brazil in each of its country regions in December of 2018,
and how much was subsidized in this same month. It is easy to see that each region has a different
number of low-income consumers, and the northeastern region is the one with the largest relative
percentage number of low-income consumers and the southern region is the one with the lowest.

Being the percentages of the Social Electricity Tariff (ISEE) applied cumulatively (according to
Table 1), then a low-income consumer with a total monthly consumption of 220 kWh would have:

65% discount on the tariff over 30 kWh —————> (0.35*Tariff)*30 kWh = 10.5*Tariff.
40% discount on the tariff over 70 kWh > (0.60*Tariff)*70 kWh = 42*Tariff.
10% discount on the tariff over 120 kWh > (0.90*Tariff)*120 kWh = 108*Tariff.
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It will then pay a total electricity bill of: (10.5 4 42 4 108)«Tariff = 160.5*Tariff, whereas for a
common consumer the electricity bill would be: 220*Tariff.

Table 1. Energy Consumption and Discount Percentage [22].

Monthly Consumption Parcel of Electrical Energy (MCP) Discount

MCP < 30 kWh 65%
30 kWh < MCP < 100 kWh 40%
100 kWh < MCP < 220 kWh 10%
MCP > 220 kWh 0%

Figure 1 shows that the percentage of discounts depend on the energy consumption of each
low-income consumer. Considering that this work is an analysis using average consumer data, it was
assumed that all consumers have the same energy consumption profile. Therefore, two non-cumulative
discount bands were chosen to carry out the study.

Effective Tariff Discountasa function of consumption
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Figure 1. Graphic of cumulative percentage of discount according to Table 1.
Table 2. Monthly Evolution of Electric Energy Social Tariff (TSEE) in Brazil [8].
Tracking by Region 2018
Number of Consumers Units Monthly Required
Region  Income Income % Low Income/ % Low Income/ Revenue
Residential Region % Toatl Low Income Difference (R$) %
Midwest 411,772 7.75 4.81 10,167,512.45 5.16
Southeast 2,120,577 6.38 24.79 50,900,428.45 25.82
South 521,402 5.00 6.10 11,903,791.58 6.04
Northeast 4,702,221 24.59 54.98 101,975,446.60 51.72
North 796,586 18.76 9.31 22,313,699.55 11.27
BRAZIL 8,552,558 11.80 100.00 197,160,879.09 100.00

The discounts listed in Table 1 are cumulative as illustrated in Figure 1 and yet, as can be seen
in Figure 2, and Figure 3 the electricity consumption by low-income consumers is lower than that
of common consumers and the average discount on the electricity bill is only R$ 20. It is very clear
the difference in the consumption among regular and low-income consumers since the value of the
discount is very low. Due to the clear differences among regions, applying this small discount in the
electricity tariff for the low energy consumption class does not seem to be a much effective as public
policy. Eventually, the total regulatory cost of having this policy in place might be greater than its
actual benefits it causes. Table 3 presents the socioeconomics characteristics of the five geographical
regions in Brazil, with their GINI index. The difference between regions is clear when data on average
income and average energy tariff are analyzed. Although the tariff value is close, the impact on average
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income in each of these regions is quite different. The average income in the southern is almost double
the average income in the northeastern. GINI index also makes clear the difference between regions.

Average consumption of Energy - Brazil 2017

B Averzge consumption of regular consumers [kKWh)

m Avergge consumption of poor consuamers [KWh]

= 200
=
E 150
=]
2 100
o
L]
5 50
o
= 0
i sept oct nov dec
MONTH OF 2017
Figure 2. Graphic of average consumption in current TSEE [22].
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Figure 3. Graphic of average discount by current TSEE [22].
Table 3. Socioeconomic Characteristics of Brazil in 2017 [8,23].
GINI Index Population Average Average Consumption of  Average Energy
Distribution [%] Income [R$] Electrical Energy [TWh]  Tariff [R$/MWh]
Midwest 0.536 7.60 2512.00 28.18 599.23
South 0.477 14.30 2397.00 57.38 579.06
Southeast 0.529 42.00 2475.00 147.08 593.51
Northeast 0.567 27.60 1509.00 60.76 546.82
North 0.544 8.50 1630.00 20.26 628.79

Brazil 0.549 100.00 2178.00 313.65 584.61
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3. How Distributed Generation (Dg) Can Intensify This Difference

The impact of Distributed Generation (DG) on low-income consumers and its impact on energy
poverty has been studied in various ways: there are studies about the effective way to overcome
domestic energy poverty in developing regions using solar home systems [24], an Indian case also
about solar home systems to reduce energy poverty [25] and there is a study questioning if the
renewable s are affecting income distribution and increasing the risk of household poverty [26].
In Brazil there is an aggravation scenario in this situation, when evaluating the history of average
electric energy tariffs. Figure 4 shows the trend of tariff increases in the period of 2011-2020.
By increasing the common residential electricity tariffs, the TSEE has also increased and this has
led to even more socioeconomic discrepancy among these consumers. Figure 5 presents a graph
illustrating the percentage of Distributed Generation (DG) connections per consumption class in 2018.
However, unfortunately, the low-income residential consumer class and a big part of the Brazilian
population are unable to use DG as a means for getting possibly cheaper electricity. That is, they will
have to keep paying the growing concessionaires’ tariffs.

Average Application Tariff ||'~!-,* MWhI]

AVERAGE TARIFI
i
]
=]

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

YEARS

Figure 4. Average energy tariffs over the years [27].

Figure 6 demonstrates how it was the share of individual power plants in Brazil in 2019.
The proportion of solar energy is still very low in relation to hydraulics. Figure 5 presents a graph
illustrating the percentage of Distributed Generation (DG) connections per consumption class in 2018.
However, unfortunately, the low-income residential consumer class and a big part of the Brazilian
population are unable to use DG as a mean for getting possibly cheaper electricity. That is, they will
have to keep paying the growing concessionaire’s tariffs. A greater penetration of renewable generation
in the electrical distribution systems, such as the installation of photovoltaic panels, would result in
a reduction in the concessionaires’ revenue. In the current Brazilian regulatory model, the tariff is
defined by ANEEL, in order to guarantee the concessionaire’s financial and economic equilibrium.
In a context of high penetration of renewable DG, the reduction in the concessionaire’s revenue
would be offset by ANEEL, allowing for higher tariff increases. Ultimately, the increase in tariffs
would also impact low-income consumers, increasing energy poverty. There is not a correlation in
the discussed period of the 2011-2020 price increase with the increase in Distributed Generation.
These data have been put in place to show that captive consumers see rising tariffs as an incentive to
become prosumers. The more prosumers are in the system, due to regulatory premises to maintain
the financial economical equilibrium of the distribution companies, the electricity tariff will increase,
resulting in a greater burden for common consumers and even greater burden on the low-income
consumers. Considering the current very low relative number of prosumers in Brazil, there was not
an evident increase in electricity prices during their installation. The increase in tariffs presented
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in Figure 4 is related to the other tariff components of the current Brazilian regulatory system,
such as overinvestments of distributors in the sector, since the return on investments made in the sector
are ensured by the current regulation and are part of the tariff calculation base. Other governance,
environmental, geographical, socio-economical and regional characteristics also affect the power
distribution companies’ performances, thus impacting their respective electricity tariffs.

CONSUMER UNITS WITH DISTRIBUTED GENERATION
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Figure 5. Graph illustrating the percentage of DG connections per consumption class in 2018 [28]
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Figure 6. Electricity Generation in 2019 [29].

Therefore, in this paper, the regulatory economic market model TAROT is applied taking into
consideration the increase in the number of prosumers (consumers who produce their own energy),
ordinary consumers and low-income consumers, in order to assess how the current TSEE public policy
affects the regions already specified, and evaluate possible solutions.

4. Regulatory Economic Market Model

The regulatory economic electricity market model that is used in this work is the TAROT.
This model was already used to analyse the impact of electricity theft on power quality [30],
for evaluation of public policies in smart grids [31], to do a socioeconomic analysis of incentive
public policies for the use of renewable energy per consumer class in Brazil [32], aggregated economic
analysis of the Brazilian electricity distribution companies [33], the impact of quality investment in the
electricity market [34], economic evaluation of regulatory tariff risk planning for a Brazilian electric
Power Company [35], etc. It is a model that represents the Brazilian regulated electricity distribution
market. Using TAROT, it is possible to determine the value of the optimal regulatory tariff to be paid
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by all consumers, considering an optimized investment to maximize the socioeconomic well-being
(EWA = ECA + EVA in Figure 7), which is the main regulatory premise set by ANEEL. Figure 7 presents
the model structure as an economic flow among the market agents, where: U—represents the economic
utility for the use of electricity by consumers; EC A—represents the consumers surplus; RB-represents
the gross revenue of the electricity company; tax—represents the sales tax, which takes part of the
revenue that goes to government; R—represents the revenue after tax; G—represents the costs of
the concessionaire (purchase of energy and operating costs (eE), costs of technical and non-technical
losses ((p * E?)/B) and the depreciation of investments (dB)); EBIT—represents the Earnings Before
Interests and Taxes, i.e., the profit before income taxes; IMP—income tax = t ¥ (EBIT); t—represents
the tax rate over company’s income; NOPAT—Net Operating Profits After Taxes ; Y—remuneration
of capital; r,—represents the compensation ratio of the invested capital i.e., the Weighted Average
Cost of Capital (WACC); B—represents the optimized basis of capital remuneration; EVA—Economic
Valuer Added (EVA is a Stern & Stewart trademark); EWA—Socioeconomic welfare added to society;
e, p, d—are adjustable coefficients that aim to approximate the costs to the real situations; E-is the
amount of consumed electrical energy.

U:aE—gEf [MRS] \ Consumer
ECA=1U—R [MR9] 4—0 ‘_ model

RB=T+E [MRS]

|

O—.» tax = RB +ICMS

R =RB — tax [MRS]

|

EWA = ECA+ EVA [MRS)] O—>G=9E+%F+d*B[MR$]
. Electricity
EBIT = R — G [MRS]
company
model

O—.» IMP=034+ (R —G) [MRS]

NOPAT= (R—G)+(1—0,34) [MRS]

O—» Y=r,«B [MRS]

EVA = NOPAT —Y = zero [MRS]

Figure 7. Economic flow diagram of a regulated electricity distribution market [31].

The parameters a and b represent the consumer eagerness and the satiety, and are
calculated using data from the tariff regulatory review process and consumer characteristics,

by Equations (1) and (2), respectively:

a:(l—l—%)*T (1)

2
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where: T-consumers average electrical energy tariff; and e-consumers demand-price elasticity (assumed
£ =0.055).

After calculating the TAROT parameters for a distribution company, it is possible to determine
the optimized tariff without separation between the types of consumers. That is the reference of
electricity tariff (Tr). The reference tariff (Tg) is the smallest tariff that consumers Blc and Low would
pay (all prosumers, Blc and Low pay for the energy purchased (E)). Then the respective company’s
revenue is given by Equation (3):

R=ExTg 3

Splitting the percentage of energy between prosumers (J) and common consumers (1 — J),
one can determined the value of the tariff needed to be paid by prosumers assuming that the common
consumers continue to pay the reference tariff. The company’s revenue can then be rewritten as in
Equation (4):

R=060+E*Tpo+ (1—-0)*ExTg 4)

Now, the model can be deeper detailed in revenue and energy consumption type, for 3 types of
consumers: Blc-common consumers, Low-low-income consumers and Prosumers (those who produce
their own energy). Thus, knowing the percentage of energy consumed by Low-income consumers ()
with respect to common consumers, the company’s revenue can be rewritten according to the energy
used by each consumer class and the energy tariff paid by each of them, as presented in Equation (5):

R=Epro*Tpro-+(1—08)*[(1—PB)*ExTp1c+B*+Ex(1—discount)«Tg] 5)

where: Ep,—prosumers energy; Tyr,—prosumers tariff; 6—percentage of energy due to prosumers
(assumed, for this academic study as 10%); Ep1. = (1-0)*(1-B)*E—common consumers energy; Tpi.—
tariff of common consumers; Ep,, = (1-0)**E—Low-income energy; TSEE— tariff of low-income
consumers; ET = Epy.+ Ej,y; f—is the percentage of energy associated with low-income consumers,
based on values from ANEEL (Table 4).

The Prosumers tariff remains the same (previously calculated), and the TSEE is calculated as
a discount over Tr and considering that the discount was based on the value of the optimal tariff.
The costs for the electricity company consider only the consumers with type Blc and Low, and are

presented in Equation (6):
2

E
G:e*ET—f—p*BT—i-d*B ©)

The intent prosumers consumption tends to be low and their compensation mechanism for the
surplus of generated energy uses the same tariff in the present regulation. So, only the common
consumers are overcharged due to the tariff percentage of discount applied to get the TSEE.
Using Equation (5) and knowing that the discount at TSEE will be given on the reference tariff
(Tr), the only term to be determined is the common energy tariff (Tp;.). Thus, it can be determined
how the public policy impacts on all common consumers. For this it is given the discount that is
already considered in Table 1. It was chosen the value of 10% and the value of 65%. A suggestion of
new public policy is to withdraw the tax over sales (ICMS) ceasing to be a cross-subsidy, as will be
demonstrated later in this paper.

Figure 8 presents a flowchart with the steps of the study.
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Figure 8. Flowchart of the steps implemented in this study.

In order to assess the income distribution, it is used the GINI index, since this is a widely used
method for evaluating inequality in income distribution as exemplified in [36-38]. For example,
a perfectly equal income distribution has GINI index of zero, whereas a total unequal distribution
has GINI index equal to one, as illustrated in Figure 9. Figure 10 illustrates how the GINI Index was
calculated (for this specific study), being A = the difference between the GINI Index before and after the
applied tariff discount, 'yr’= relative level of income, ‘y’= cumulative percentage (or per unit) of income
participation , ‘n’= percentage (or per unit) of population, where: 7y ,,—percentage (or per unit) of
income related to Low-income consumers; y—percentage (or per unit) of income related to wealthier
consumers; yBlc—percentage (or per unit) of income related to common consumers; {—Percentage
(or per unit) of Low-income consumers, that is, the poorest consumers; a- percentage (or per unit) of
the wealthiest consumers; (1-a-{)—cumulative percentage (or per unit) of the common consumers.
It is assumed that the share (¢ < 0.50) of the wealthiest inhabitants receives total inflows equal to
the share (y > 0.50) of the total income of the country. In this study it was adopted a = 0.20 and 7y
= 0.55. What is considered is that with the reduction of the tariff, there is an equivalent increase in
the income of the low-income consumers. Before, those consumers used to spend an “X” amount of
their income with the electricity bill, and now they will spend “X-AX”. Then, it can be said that there
was a relative transfer of income from the richest to the poorest, and this indicates a reduction in the
inequality. For this study, the distribution of income was based on [23] and it was assumed that only
10% [39] of their income was spent on electricity bills.
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Figure 9. GINI Index expressing income inequality distribution.
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Figure 10. Simplified GINI Index calculation.

For the main purpose of this paper and based on the Figure 10 the calculation of the GINI Index is
performed according to Equation (7). A GINIIndex equal to zero means an equally income distribution:

Aq

7
A1+ Ar+ Az + Ay @

GINI Index =
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Table 4. Data from northeastern region electricity companies [40].

DATA COELBA COSERN CEPISA CELPE CEMAR ENEL CEARA
B [MR$] 8739.81 1404.31 1160.73  5654.78  3822.26 3515.57
T [%] 7.50 7.50 7.50 8.09 8.09 8.09
d [%] 3.86 3.93 3.99 3.96 3.82 3.84
e x E [MR$] 7272.31 1796.92 1536.06  4523.48  3082.30 4130.08
E [TWh] 19.87 5.58 4.51 13.57 7.54 11.36
LOSSES [MR$] 2211.24 112.80 206.67  1486.84 466.24 529.97
TR [R$/MWHh] 609.94 479.29 525.11 575.48 690.02 572.79
t [%] 34 34 34 34 34 34
B [%] 22 29 31 25 38 31
Average Income [R$] 862.00 845.00 750.00 852.00 597.00 824.00

On the other hand, according to the current public policy and regulation, in order to pay for the
discounts given to the poor, the common consumers tariff increases. They used to pay “Y” and now
they will spend “Y + AY” in their electricity bill.

The data of the regions for this study are presented in Tables 4-7, and it was chosen one electricity
company for each state of the two geographic regions of Brazil, i.e., the northeastern region, with the
highest relative percentage (24.59%) of low-income consumers and the southern region, with the
lowest (5.00%) of low-income consumers in relation to the total number of consumers in each region,
respectively (see Table 2. With the TAROT model the parameters of Tables 8 and 9 can be determined.
It was compared the lowest and highest discount allowed by the current regulation (Table 9) in
comparison to the proposal of a new type of discount as a social electricity tariff: withdrawn one of the
sale taxes applied to the tariff, the ICMS, and then evaluate its effects on deconcentrating income to
the entire population. With all these data, the simulation was done and the results are presented and
discussed in the next section.

Table 5. Data from southern region electricity companies [40].

DATA RGESUL COPEL CELESC
B [MR$] 3604.90 917099  5731.21
T [%] 8.09 8.09 8.09

d [%] 3.87 3.68 3.78

e x E [MR$] 3308.18 9636.72  7623.20
E [TWh] 7.74 23.22 17.98
LOSSES [MR$] 196.52 583.51 481.58
TR [R$/MWAh] 659.79 641.19 617.99
t [%] 34 34 34

B [%] 5 8 3

Average Income [R$] 1635.00 1472.00  1597.00
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Table 6. The cumulative percentage (or per unit) of income participation and the percentage (or per
unit) of population for the northeastern region.

Before Public Policy

Y YLow YBlc w ¢ 1—-—a—-10

COELBA 055 0.05 0.4 020 022 0.58
COSERN 055 0.05 0.4 020 0.29 0.51
CEPISA 055 0.05 0.4 020 0.31 0.49
CELPE 055 0.05 0.4 020 025 0.55
CEMAR 055 0.05 0.4 020 0.38 0.42
ENEL CEARA 055 0.05 0.4 020 0.31 0.49

Table 7. The cumulative percentage (or per unit) of income participation and the percentage (or per
unit) of population for southern region.

Before Public Policy

Y YLow YBle u 4 1—a—-10

RGESUL 0.55 0.05 04 020 0.05 0.75
COPEL 055 0.05 04 020 0.08 0.72
CELESC 055 0.05 04 020 0.03 0.77

Table 8. Data for TAROT of northeastern region electricity companies.

ENEL
CEARA

a [R$/MWh] 9590.04 7656.97 8045.11 8986.26  10,974.97  8888.50
b [R$/MWh?] 457.51 1301.24 1690.01 627.66 1380.54 741.94
p [R$/ MWh]?>  29,457.29 9694.85 10,159.88 28,158.37 41,367.54 15,429.11
e [R$/MWh] 366.02 322.17 340.42 333.32 409.05 363.71

DATA COELBA COSERN CEPISA CELPE CEMAR

Table 9. Data for TAROT of southern region electricity companies.

DATA REG SUL COPEL CELESC

a[R$/MWh]  10,133.77 972349  9760.55
b [R$/MWh2]  1241.31 396.97 514.66
p [R$/MWh]2 1574574 1323176 11,203.29
e [R$/MWh] 427.52 415.07 424.07

5. Simulation Results and Discussions

The simulation results are presented and discussed here, separated by region, in order to highlight
that the same energy policy causes different and relevant impacts on society, mainly in the poor people.

5.1. Southern Region

Observing Figures 11 and 12, it is possible to notice that in all types of tariff discounts there was
an improvement in the GINI index, that is, there was a decrease in inequality of income distribution.
The more negative the AGINI becomes, this means less income inequality. Also, the increase of energy
price for the rest of consumers was less than 7% and looking into Figure 13 it is easy to see that the
tariff increase for the common consumers seems to not have a strong impact in the income for the
population of southern region, since the impact on the electricity bill is small. The percentage of
low-income consumers is less than 9% as shown in Figure 11, and all public policies applied had an
improvement in GINI index despite the small drop in the socioeconomic welfare (Figure 14). However,
the increase is connected to the number of low-income consumers, i.e., the higher the number of
low-income consumers, the higher the tariff increase for common consumers. Figure 15 shows that
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these consumers spent less than 10% of their income on electrical energy. In Figure 16 is possible to
see that the sacrifice in the amount of average energy consumption in order to maintain the same
electricity bill was not that severe, no matter what public policy is applied.

GINI index variation X percentage of Low-income
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Figure 11. The GINI index for each discount and the relation with the percentage of Low-income
consumers for southern region.
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Figure 12. The relation between tariff increase (on the right side) and the impact in the income (AGINI)
(on the left side) for all consumers in the southern region.
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Effect on The Light Bill
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Figure 13. The impact on the electricity bill when it is maintained the energy consumption in the
southern region.
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Figure 15. Difference between the actual consumption of electrical energy and when it is spent 10% of
the income with it in the southern region.
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Energy Consumption
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Figure 16. Energy consumption in order to maintain the electricity bill due to the tariff increase in the
southern region.

5.2. Northeastern Region

In this region, Figures 17 and 18 also show there has been an improvement in the GINI index for
all types of tariff discounts, that is, there was a decrease in inequality of income distribution for this
region too. Again, the more negative the AGINI becomes, this means less income inequality. In both
regions, when 65% of discount is applied, more improvement the GINI index has, despite the small
drop in the socioeconomic welfare (Figure 19). However, Figures 20-22 are a strong warning about the
benefit for the poorest at the expense of the Blc consumer tariff for this region. People who do not
have social conditions and are not able to receive TSEE will pay even more for their electrical energy.
On the other side, when the ICMS was withdrawn, those people did not have to pay more and the
low-income consumers could receive a discount. This way, it is possible to simultaneously improve the
GINI index (Figure 18) despite the small drop in the socioeconomic welfare. The connection between
the percentage of low-income consumers and the increase in tariff remains. Here, it is even more
evident. Observing Figure 20, in order to maintain the same energy bill the sacrifice in the amount of
energy consumption was higher in this region. For example, to CEMAR the sacrifice was almost 30%
less energy consumed. Figure 21 shows that consumers have actually already spent more than 10% of
their income on electrical energy. Therefore, any increase in their tariff, implicates in a significant way
in their average income. In Figure 20 it is clear the necessity to spend more if they want to maintain
the average consumption of energy.
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Figure 17. The GINI index for each discount and the relation with the percentage of low-income
consumers for the northeastern region.
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Figure 18. The relation between the impact in the income (AGINI) (on the left side) for all consumers
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Figure 20. Energy consumption in order to maintain the electricity bill due to the tariff increase in the
northeastern region.

Electricity Bill

COELBA COSERN CEPISA CELPE CEMAR ENEL CEARA

140
120
100

Reais [R%]
5 & &8 B3

1]

Electricity Company

B speending 10% with light bill M actualspent an the ight bill

Figure 21. Difference between the actual consumption of electrical energy and when it is spent 10% of
the income in the northeastern region.

Effect on The Light Bill

oecens T e
I ——
coee | e
z I —
=
&
2
£
8 I e
5z ceeE
= I ——
B
2
. e
CEPISA
I —
—
—
0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0%

Percentage
B ICM S exemption  WE5% discount 10 % discourt W Reference

Figure 22. The impact in electricity bill when it is maintained the energy consumption in the
northeastern region.

6. Conclusions

This paper has presented an evaluation of public policies for fair social tariffs of electricity in
Brazil by using an economic market model. The TAROT economic model of the regulated electricity
distribution market was used to review the discrepancies of the current public policies on the
socioeconomic situation of two of the five regions of Brazil. The studied regions, northeastern and
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southern, present different responses to the application of the same public policy for social tariffs.
In the northeast the population ends up being harmed in two of the three proposals to reduce the
social tariff (because they either pay more and reduce their income or reduce their electrical energy
consumption), while in the south all proposals have shown improvement It seems that is evident
that it should be possible to apply different public policies in order to reduce energy poverty in
the country. Despite the fact that the greater the discount, the greater is the impact on combating
inequality, the public policy of exempting the ICMS seems to be the best option for the northeastern
region, as it is possible to give a better discount, (regardless the energy consumption) and not burden
common consumers in this region, which has an average low income and lose whenever there is
an increase in the tariff. The present regulatory system applied in Brazil guarantees the Financial
Economic Equilibrium (FEE) for all power distribution utilities throughout a Capital Assets Price
Model (CAPM), under a stablished Weighted Average Capital Cost (WACC), being the electricity tariff
calculated to meet this goal. Therefore, maintenance costs and prudent expansion investments are
straight considered in the tariff. However, the electricity tariff has also been historically used to collect
various taxes to the government (federal and state). Therefore, lowering or resigning from some taxes
can be implemented as public policies without affecting the energy infrastructure.

In regions with a large gap in income and where most of the population is poor, tax withdrawal
is more efficient for improving the GINI index and has a small effect on the socioeconomic welfare,
being the best scenario for the northeastern region. This might be a better way to include the
low-income population in electrical energy consumption, reducing energy poverty in the country,
by changing the number of GINI index produced by cross-subsidies and tax waiver (removing ICMS
from TSEE). Presently, due to the COVID-19 pandemics an emergency measure has been applied
in Brazil. There is a new public policy, by provisional measure MP950/2020 made by the Brazilian
Federal Government, applied for the low-income consumers that exempts those consumers whose
consumption is up to 220KWh per month from any payment (100% discount) for 3 months. In the
future, post-pandemics, the exemption from ICMS is a better measure to be implemented because,
as already demonstrated, this policy is the one that brings the most benefit to society as a whole.

It is important to consider that in regions with high levels of poverty, there is not always an
exact correlation between social public policy and its effect on the GINI index. Here, in this paper,
a simplified study was carried out, in order mainly to alert about the application of public policies
for the entire population in a large and diverse country without studying alternative and simplified
public policies and their impacts on the population of each region. Further studies of what really
represents the changes in income and social welfare are necessary, so that sociological theory can also
be helpful for regulatory studies. When a social public energy policy is introduced, the ultimate goal
is to produce a leveling in the degree of welfare (or “happiness”) of the various layers of a society.
This policy, in addition to displacing income, changes the structure of income utilization.
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