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This paper departs from a planning tool to assist policy makers and energy planners to improve en-
ergy access and affordability, besides developmental needs of low-income/underserved households and
small entrepreneurs. The methodology aims to systematically integrate energy technologies (supply and
demand-side), new and innovative business models and local developmental issues into long term power
plans by applying concepts and the process known as Integrated Resources Planning (IRP). To illustrate
the application of the methodology, referred to as IRP-Access in this paper, some possibilities are tested
to reduce Energy Service Costs (EC), analyzing the impacts in the electricity affordability of low-income
consumers. For this purpose, we use data from a Brazilian electricity concessionaire which operates in
a complex socioeconomic region in the Southeast of the country, where the energy access is solved, but
affordability is still a current issue. The results illustrate the potential of implementing technological al-
ternatives in Brazil, from the supply and demand side, in order to improve affordability, to address energy

poverty and to systematically incorporate such critical issues into the long-term energy planning.
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1. Introduction

A precise and consensual definition of energy poverty is not
widely accepted yet due to the different socioeconomic realities of
countries around the world and to the different approaches when
considering climate conditions or cultural contexts [1-8]. In other
words, energy poverty is a relative and socially constructed con-
cept [9].

However, among all the debate in the literature regarding the
definition of energy poverty, we consider that the one stated by
[10] seems to better capture its multidimensional features and
is more appropriate to our approach: “The energy dimension of
poverty — energy poverty — may be defined as the absence of
sufficient choice in accessing adequate, affordable, reliable, high-
quality, safe, and environmentally benign energy services to sup-
port economic and human development”. Thus, the physical en-
ergy access itself does not necessarily attain other energy poverty
attributes such as affordability, reliability, quality, safety and envi-
ronmental protection.

* Corresponding author.
E-mail addresses: jpiai@uel.br (J.C. Piai), rodolfo@iei-brasil.org (R.D.M. Gomes),
jannuzzi@fem.unicamp.br (G.D.M. Jannuzzi).
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For instance, Brazil is close to reach universal physical access
to electricity, but affordable energy services are a concerning and
unsolved issue for many consumers (see Section 2). Unfortunately,
the Brazilian low-income energy efficiency programs for the last
20 years have not incorporated an affordability outcome as an ex-
plicit criterion in their design and evaluation in addition to the
cost-effectiveness perspective.

This kind of rationale, which persists for a long time behind the
design and evaluation of energy programs, must change. This paper
aims to illustrate that the explicit use of energy poverty attributes
as criteria by energy planners (such as affordability) discloses the
energy dimension of poverty, then connecting energy programs to
broader poverty policy targets and related indicators.

Concurrently, the need for new and more innovative approaches
is increasingly being recognized in order to unlock the potential
role of energy in socioeconomic development [8]. Especially by
considering the possibilities untapped by the evolution of tech-
nologies currently available, such as distributed generation and
smart appliances. Therefore, in connection with the paragraph
above, this paper presents an illustration of how such cutting-edge
decentralized supply technologies (solar PV, in particular) could
be included in traditional low-income energy efficiency programs,
when considering energy affordability from the energy planning
perspective.


https://doi.org/10.1016/j.enbuild.2020.109817
http://www.ScienceDirect.com
http://www.elsevier.com/locate/enbuild
http://crossmark.crossref.org/dialog/?doi=10.1016/j.enbuild.2020.109817&domain=pdf
mailto:jpiai@uel.br
mailto:rodolfo@iei-brasil.org
mailto:jannuzzi@fem.unicamp.br
https://doi.org/10.1016/j.enbuild.2020.109817

2 J.C. Piai, R.D.M. Gomes and G.D.M. Jannuzzi/Energy & Buildings 214 (2020) 109817

However, the “complex multidimensionality” [11] and the “mul-
tifaceted notion” [12] of energy poverty is a great challenge to pol-
icy makers and energy planners, especially in developing countries.
In this context, [13] proposed an adaptation to the conventional
energy planning method known as Integrated Resources Planning
(IRP) [14,15], called IRP-Access (see Section 3), to face these chal-
lenges.

Hence, this paper presents an analysis based on IRP-Access to
illustrate how the mindset of traditional mechanisms and pro-
grams can be reoriented to explicitly consider the improvement
of the affordability capacity of low-income consumers to pay for
their electricity bills. For such illustration, the paper draws on the
data from a regulated and mandatory low-income end-use energy
efficiency program performed by a local private-owned utility op-
erating in a large city with extensive slum areas and low-income
residential customers in Brazil.

The illustration presents the impacts in the affordability condi-
tions of an average household under three actions combining sup-
ply and demand technologies: (1) only the replacement of refriger-
ator, inefficient lamps and electric shower head (business as usual
scenario based on data and results from one of this local utility’s
low-income energy efficiency traditional programs); (2) only the
installation of a grid-connected photovoltaic system under a net-
metering scheme to supply its monthly consumption (based on
data from secondary sources); and (3) the combination of both
measures.

There are low-income housing in Brazil which can have struc-
tural conditions and space for installing PV panels [16-18] and, if
not, the current regulation allows the siting of the installation of
distributed generation in a place other than the consumer’s one.'

It is worth mentioning that the objective of the authors with
this paper is neither to prescribe the best measure to choose for
a distribution utility’s low-income energy efficiency program nor
to perform the evaluation of the illustrative cases presented here.
Instead, we propose a different designing and evaluation approach
of how to think such programs from an affordability point of view,
differently than only from a cost-effectiveness perspective.

Initially, a brief overview of the public actions for promoting
affordability to electricity in Brazil is presented. Afterwards, we
present the IRP-Access method and the case study.

2. Energy poverty in Brazil: some remarks

The universalization of electricity access is almost a reality in
Brazil. According to the Brazilian Institute of Geography and Statis-
tics (IBGE), the national coverage of the electricity access, which is
the physical connection that enables the arrival of electricity to the
consumer through distribution network or distributed generation,
increased from 94.5% in 2000 [19] to 98.7% in 2010 [20] (Table 1),
and then to 99.8% in 2017 [21].

However, affordability conditions have been deteriorated in
Brazil, especially during the economic crisis the country has been
facing since 2015. The combination of the increase in electricity
rates, inflation and unemployment have affected the population’s
ability to pay for their electricity bills, resulting in the rise in non-
payment rates, interruption of services and irregular connections.

1 The constructions carried out by the My House My Life Program (PMCMV), or
by other municipal and state housing programs, which have a planned infrastruc-
ture [16,17,44-46]. The houses in “shanty towns” are subnormal occupations, but
it can support the installation of photovoltaic panels through technical adaptations
[47,48]. In addition, Brazilian law permits shared electricity generation: the joining
of consumers, within the same area of concession or permission, through a consor-
tium or cooperative, which has a consumer unit with distributed generation in a
different place from the consumer units in which the excess energy will be com-
pensated [49].

Affordability is understood here as one of the attributes of the en-
ergy dimension of poverty which relates to the ability of house-
holds to purchase the electricity in order to meet their required
energy services without suffering undue financial hardship [22-26]

To illustrate such affordability deterioration, Fig. 1 presents the
relation between the increase of electricity tariff rates and the im-
pacts of economic recession on the ability of households to pay
for their electricity bills. From 2013 to 2015, the average electric-
ity service interruptions (primary axis) increased by 54.4% and the
average tariff rate by 64.4% (secondary axis). The data is from one
of the largest electricity utilities in the country, which serves Sdo
Paulo metropolitan area. The current regulation allows the nonpay-
ment of electricity bills up to 3 months by the consumer before the
service is interrupted. The average energy debt index had similar
behavior in comparison to the average interruption rate in the pe-
riod (primary axis). The index represents the number of consumers
who have overdue debts of their electricity bills.

Traditionally, energy affordability issues are tackled by provid-
ing subsidies for target customers. The main Brazilian public pol-
icy in this sense is the Social Electric Energy Tariff (SEET) [8,30,31],
which offers different discounts on the tariff rate for consumers
whose household monthly income per capita falls below half the
current minimum wage (R$ 954 or US$ 251.05 at the time of writ-
ting) [32]. These discounts are given only for the first 220 kWh
consumed in the month, while the remaining of the consumption
of such month is rated without discount. The details of how to cal-
culate the electricity cost using such ruling are given in footnote 4,
considering the average consumption used in the case study. The
amount of such discounts (or subsidies) are collected from all con-
sumers through electricity rates and/or from taxpayers (national
budget). As the SEET-beneficiary consumers become more energy
efficient and/or generate their own electricity, their electricity bills
go down and, correspondingly, the required subsidies.

It is also possible to combine this national SEET ruling with
state-level affordability programs which focus on the local reality.
For instance, the government of the State of Parana created in 2013
a program called “Fraternal Light” which pays the electricity bills of
the consumers registered in the SEET whose monthly consumption
is lower than 120 kWh.

In addition, utilities are obliged to invest in energy efficiency
programs since 1998, when the first contracts after privatiza-
tion were signed [33]. Afterwards, the Law n° 9991/2000 turned
mandatory the investment of a minimum percentage of 0.5% of the
power concessionaires’ net operational revenues in end-use energy
efficiency projects under the Energy Efficiency Program (PEE) reg-
ulated by the Brazilian Electricity Regulatory Agency (ANEEL). Such
percentage is charged from all consumers through the electric-
ity rate. The concessionaires are required to submit their projects
to ANEEL, which must monitor them and approve their imple-
mentation after completion based on the current regulation. The
ANEEL Resolution n° 176/2005 established that a minimum of
50% of these energy efficiency investments must be directed to
low-income projects. In 2016, such minimum requirement to low-
income projects was canceled and concessionaries could invest up
to 60% in such kind of projects.

The PEE’s projects are currently the major end-use energy effi-
ciency investments in Brazil. These projects promoted, for example,
the replacement of old equipment by more efficient ones, such as
refrigerators, lamps and shower heads [34,35]; orientation of the
population on the rational use of electricity; among several other
actions to reduce electricity consumption [36]. The illustrative case
brought by the authors is one of these projects.

From the supply side, the Brazilian consumers became allowed
to generate their own electricity using renewable sources since
2012 [37], which refers to the ability of producing electricity for
their own consumption and still sharing the surplus with the net-
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Table 1
Electricity access in Brazil (2000, 2010).
Total Urban Rural
Census 2000 Total households 44,776,740 37,369,953 7,406,788
% households with electricity connection ~ 94.5 99.1 71.5
Census 2010 Total households 57,324,167 49,226,749 8,097,418
% households with electricity connection = 98.7 99.7 92.6
Sources: own elaboration from [19,20].
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Fig. 1. Electricity services interrupted due to lack of payments and electricity tariff rates.
Source: Source: [27-29].

work [38]. The net metering adopted in Brazil is a compensation
scheme in which the surplus generation becomes electricity cred-
its (not monetary resources) that can be deducted from the elec-
tricity consumption in the current or in the next consumer bills.
These electricity credits have an expiration date of five years. The
electricity can be generated at the building itself where the con-
sumption takes place, or a distributed generation can be installed
elsewhere, but providing the same benefits to the consumer. Such
distributed generation technologies make possible the reduction of
energy expenses and income generation.

Due to the high upfront cost of such distributed generation
technologies, such as photovoltaic systems, their adoption are re-
stricted to those who can afford it, even though it could ben-
efit more the poorest population, in particular, and the average
consumer in general. Few of these technologies have been imple-
mented in low-income households.

Despite all the above, SEET and investments in energy efficiency
have not been enough to solve the affordability issues in Brazil
[8]. Not only because energy policies are only part of the effort to
tackle poverty alleviation, which need to be strategically linked to
broader developmental programs, but also because innovative ap-
proaches to address energy affordability were not considered yet
within the space where energy policy and planning play an impor-
tant role.

In this sense, the next section presents the IRP-Access method
used in the illustrative study, which incorporates affordability into
the rationale of an energy program design.

3. IRP-Access: the methodology

IRP, as an energy planning method, shifted the traditional
supply-oriented focus of the conventional energy planning to com-
bine both, supply and demand-side resources, to provide and/or
expand energy services. IRP focuses on the end-use of energy and
on the services required by households, businesses and industry.
This effort means that “much closer attention is paid to present
and future human needs served by energy, the technical and eco-
nomic details of how energy is being used, and alternative techno-
logical options for providing energy services that are needed” [39].
IRP, hence, broadens the mix of potential resources by incorporat-
ing technologies for energy efficiency, demand-side management
and distributed generation.

In its turn, IRP-Access [13] includes specific aspects of energy
access and energy poverty of developing countries within IRP’
scope. IRP-Access takes advantage of technologies available today,?

2 For instance, distributed generation, smart metering, smart appliances, cellular
phones and mobile applications.
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Fig. 2. Affordability as seen in Bottom-up methodology.
Source: Source: Adapted from [13].

together with new tools and practices supported by new business
models to enhance “an approach to energy services that may go far
beyond the usual concept of providing energy for basic needs and
consumerism, permitting these households to use energy services
to generate income and engage in productive activities” as well [8].

The idea proposed by IRP-Access combines two methodologi-
cal approaches, Top-Down and Bottom-Up, to result in an evalua-
tion stage whose objective “is to make sure that the proposed local
solutions are consistent with the National Plans (not only the en-
ergy plan, but also socio-economic developmental plans) and vice-
versa” (p.3) [13].

The Bottom-Up approach (Fig. 2), used in this paper, aims to
study options in greater detail that would be more appropriate to
the local conditions and to the societal segment considered. The
technical and economic performance of energy technologies should
be evaluated more precisely, and socioeconomic factors can influ-
ence the suitability of different business models and program de-
signs.

The affordability indicator considered by IRP-Access is the ra-
tio between Energy Service Costs (EC) and Total Household Income
(IN), named Affordability Ratio (AR) (Fig. 2). The energy modeling
should estimate electricity cost for the consumer and the income
generated by the energy technologies or energy services, providing
the ability of the consumer to pay for electricity or the required
subsidies.

The next section presents an exercise of how cutting-edge de-
centralized supply technologies (solar PV, in particular) and end-
use technologies could be evaluated when considering energy af-
fordability from the energy planning perspective.

4. An illustration of IRP-Access applied to low-income
consumers in Brazil

The following cases are illustrative of the role that energy end
use and supply-side technologies could have on the energy afford-
ability of consumers. The authors present the outcomes that the
three actions presented at the introductory section would have had
on an average low-income consumer at the State of Rio de Janeiro
(Brazil) under the mandatory energy efficiency program by the lo-
cal private-owned electricity distribution utility.

These illustrations are not intended to be accurate (which
would require in-depth technical and socioeconomical information,
feasibility and sensitivity analysis), but to showcase the method-
ology being proposed. Thus, some assumptions can be considered

optimistic or overestimated and the results can be rather differ-
ent depending on the hypothesis assumed as will be shown later.
The authors do not have any intention of indicating what is the
best choice to make among the presented measures or evaluate
such program, but to illustrate an approach of how to think such
program from an affordability point of view, differently than only
from a cost-effectiveness perspective.

In addition, the examples brought here are somehow realistic
in the sense that they are based on current practices of the ex-
istent Brazilian mandatory end-use energy efficiency projects and
rely on costs and outcomes from a past individual project from a
local distribution power company. Such approach of using an af-
fordability ratio can be used in other countries paying attention to
the respective local context (types of programs, consumption and
peak demand, electricity rates and rate structure, macro and mi-
croeconomics, for instance).

Despite there is no guarantee that the current ruling is im-
mutable, it is also uncertain what it would become. For instance,
the surplus of electricity generated by a household is valued equal
to the electricity supplied by the utility, even though it can be re-
vised at some point in time. Thus, for the sake of the illustration
proposed here, the examples consider that the current ruling re-
mains the same during the entire period of analysis.

In order to compare the three measures at the same base, a
yearly cash flow for each example was made for the lifetime of the
PV panels (25 years) considering income, loans, costs and savings.’
The cash flow was brought to present value using a 10% annual
nominal interest rate by the consumer’s perspective. The exchange
rate used was 3.80 R$/USS.

To perform all calculations below, an average low-income
household monthly consumption and income was defined (Table 2
and its notes) within the concession area of a distribution company
in the Rio de Janeiro state. Such consumers fit in the SEET, which
offers stepped discounts depending on the monthly consumption,
as presented in Table 3 for the current tariff scheme.* To be eligi-
ble to SEET, the household monthly income per person must be up

3 It is worth noting that a scenario that spans over the next 25 years are prone
to several uncertainties, such as the path of income growth, equipment prices, in-
flation and electricity tariff rate and even the very existence of such mandatory
low-income energy efficiency programs.

4 The procedure to calculate the electricity bill is as follows, for the adopted
monthly consumption (195 kWh): cost = 30 kWh x 0.06431 + (100 — 31 + 1)
kWh x 0.11024 + (195 — 101 + 1) kWh x 0.16536 = US$ 25.35. Dividing it by
195 kWh results in the average SEET rate of US$ 0.13/kWh.
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Table 2
Average family income and electricity consumption for low-
income households serviced by the utility.

Average electricity consumption® (kWh/month) 195

Average family income® (US$/month) 392.90

Notes:.

2 this average is resulted from the total electricity consump-
tion by SEET consumers in February 2018 (42,437 MWh) di-
vided by the correspondent total SEET consumers (217,727).
Such values were taken from the tariff readjustment that
came into force on May 2018 for the distribution utility called
Light.

b It was considered that the monthly family income is half
(R$ 477.00 or US$ 125.53) the minimum wage times an aver-
age of 3.13 persons per low-income family.Source: Own elab-
oration.

Table 3
Tariff rates for residential and residential SEET consumers for the period of
May/2018 to Feb/2019.

Tariff rate including federal and
state taxes (cents US$/kWh)
Consumption range: from 51 to

Consumption class Discount 300 kWh
Residential - 19.870
Residential SEET
- Up to 30 kWh 65% 6.431
- From 31 to 100 kWh 40% 11.024
- From 101 to 220 kWh 10% 16.536
- From 221 to 300 kWh - 18.373
Source: Adapted from [40].
Table 4
Economic rates used for all illustrative cases.
Annual income growth rate 4%
Inflation rate 4%
Annual tariff growth rate for either non-SEET and SEET households 9%
Loan nominal interest rate per year 12%
Nominal interest rate per year: consumer’s perspective 10%

Source: Own elaboration.

to half the federal minimum wage (R$ 954.00 or US$ 251.05 as for
2018).

Table 4 presents the common economic parameters used in all
three examples.

Income increases® less than the social tariff rate, which has in-
creased from 2013 to 2018 around 9% in average, considering the
utility used in this example. It means that the affordability ra-
tio worsens over time, increasing the burden of energy costs as a
share of the family income (Table 5). This situation highlights the
need to either take measures on the energy side of the equation or
to use energy efficiency projects as a means to generate income if
such trend endures over the years.

The affordability ratio for the period (25 years), without any en-
ergy measure, is presented in Table 6 considering both the subsi-
dized and the full tariff rates. Such ratio is the present value of
the consumer’s electricity cost divided by the present value of the
family income at the consumer’s interest rate of 10%.

The following sections present the three measures and respec-
tive results.

5 It was considered that the Brazilian official minimum wage grows at least the
same inflation rate as the current legislation ruled at the time of this paper was
written. This rule is due in 2019 and there is no prospect of either reenacting it or
not. The authors also considered approximately the same Brazilian official inflation
rate target of 4.5%.

4.1. Energy efficiency replacement program

The energy efficiency measures presented in this paper are: re-
placement of an inefficient refrigerator by an one-door, 260-1 ca-
pacity efficient one; replacement of five incandescent light bulbs
by 15 W-fluorescent compact lamps (LFCs); and replacement of
an electric shower head by a 3500 W-maximum output electric
shower head with heat recovery. The consumers benefited by this
program only had to exchange their old equipment to get the
energy-efficient ones at no cost. This is common practice by other
utilities all over the country. Some distribution companies have
performed rebate programs to replace the same equipment, such
as refrigerators.

Table 7 presents the upfront costs, lifetimes and energy effi-
ciency outputs from a previous utility program. The upfront costs
are entirely covered by the energy efficiency program, and after
their lifetimes, by the consumer. All equipment costs are consid-
ered at the full retail prices as a conservative assumption from the
utilities side because they buy at the wholesale price due to the
large amount required to implement the program.

It was considered that there is no operation and maintenance
costs for the refrigerator and LFCs over their lifetime. For the elec-
tric shower, there is one replacement of its heating resistance per
year at the cost of US$ 7.89. This cost is covered by the consumer.
For simplicity, the decay in the efficiency of all equipment was not
considered during the lifetime.

The total savings of 73 kWh (Table 7) in a month repre-
sents 37.4% of the total household electricity consumption. For the
new consumption (122 kWh/month), the average SEET rate is US$
0.10753/kWh, whose calculation follows the same procedure as
presented in footnote 4.

4.2. Grid-connected photovoltaic system program

Brazilian legislation allows consumers, such as households, to
self-generate their electricity in grid-connected systems. The mea-
sure proposed here is a low-income program of installing grid-
connected PV systems in order to generate 100% of the monthly
consumption of 195 kWh. Table 8 present the upfront costs and
other relevant inputs to design the PV system. The upfront costs
can be shared by the Brazilian energy efficiency program (lost
funded) and the consumer (through bank loans or from loans
by the program itself, for instance). Even if the electricity gener-
ated within a month covers the whole consumption, the Brazil-
ian consumers must pay for the what is called cost of grid avail-
ability, which is the equivalent of the electricity cost of 30 kWh
(single-phase connection) or 50 kWh (two-phase connection). The
monthly cost is, respectively, US$ 1.56 and US$ 3.26. This work as-
sumed the household is single-phased connected to the grid.

As for the energy efficiency program, the consumer pays en-
tirely for the O&M costs. The consumer also pays for the replace-
ment of the inverter in the end of year 10 and in the end of year
20. It was assumed, as a matter of simplification only, that there is
no decline in electricity generation by the PV system.

The cost of the PV system was assumed to be 10% lower
due to the scale of the utility program. Table 9 present the fea-
tures of the PV system to deliver the full electricity consump-
tion (195 kWh/month) of the average household considered in this
work.

4.3. Energy efficiency and PV system

The approach used here is to first implement the energy effi-
ciency measures to reduce the household electricity consumption
and then install the PV system designed to meet this new con-
sumption. This reduces de size of the PV system and, therefore, its
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Table 5

Affordability ratio (%) without energy measure for the first ten years (2018-2028).

Tariff 2018 2019 2020 2021 2022
SEET 6.45 6.76 7.09 7.43 7.79
Full 9.86 1034 1083 11.35 11.90

2023 2024 2025 2026 2027 2028
8.16 8.55 8.96 9.40 9.85 10.32
12.47 13.07 13.70 1436  15.05 15.77

Source: Own elaboration.

Notes: The first row considers the consumer pays the social electric energy tariff (SEET) and the second one the

full tariff.

Table 6

Average affordability ratio (%) before energy measures.

Family income

Electricity bill (SEET)

Electricity bill (non-subsidized)

Present value (US$)

61,615 6,770
Affordability ratio (EC/IN) - 11.0%

10,345
16.8%

Source: Own elaboration.

Table 7
Inputs for the energy efficiency replacement program.

Equipment Electricity savings (%)  Savings (kWh/month)  Equipment Cost (US$)  O&M (US$/year) Lifetime (year)
Refrigerator 45.0 26 315.79 - 10
LFC 72.0 25 (5 lamps) 11.85 (5 lamps) - 4
Electric ShowerHead  49.0 22 131.58 7.89 10
Total - 73 459.22 7.89 -
Source: Own elaboration.
Table 8 Table 11

Input data for a grid-connected PV system.

Affordability ratio for the energy efficiency measures.

Electricity generation ratio 1,482  kWh/kWp.year  [41]
Cost of PV system (<6 kWp) 4,590  US$/kWp [42]
0&M 1% % per year [41]
Inverter 1,579  US$ Ownestimate

Source: Own elaboration and [41,42].

Table 9
Size, costs and loan tenure for the utility’s grid-connected PV system program.

Size of the PV 1.58 kWp Lifetime (PV 25  years
system panels)

Cost of the PV 6,527 UsS$ Lifetime 10  years
system (inverter)

o&M 65.26 US$/year  Loantenure 10  years
Inverter? 1,578.95  US$

Source: own elaboration.
Note:.

2 the consumer will pay the full cost of the inverter, without the 10% discount.
On the other hand, the program could have a component replacement program
for such consumers (lost funded or financed).

Table 10
Size, costs and loan tenure for the utility’s grid-connected EE+PV system
program.
Electricity consumption after savings 122 kWh/month
Electricity saved (37.4%) 75 kWh/month
SEET rate 0.10753 US$/kWh
Size of the PV system 0.99 kWp
Cost of the PV system 4,089.79  US$
0o&M 40.79 US$/year
Inverter 987.89 Us$
Lifetime (PV panels) 25 years
Lifetime (inverter) 10 years
Loan tenure 10 years

Source: own elaboration.

costs. Table 10 presents the inputs used of both energy measures
to perform the calculations.

5. Results

Before presenting the results, it is important to highlight that
future energy prices, future savings, future micro and macroeco-
nomic indicators and even the maintenance of current regulation

Cost to consumer after measure

Electricity
Family Electricity bill (non-
income Measure  bill (SEET) subsidized)
Present value (US$) 61,615 238.88 3,502 6,472
Affordability ratio - - 6.2% 11.0%

Source: Own elaboration.

is uncertain. Hence, at the policy-making decision level, sensitivity
analysis must be considered not only “to determine the best choice
among policy options”, but also to evaluate “policy problems, iden-
tifying relationships among key variables, and testing the implica-
tions of various conditions” [43]. It is important for policy makers
to bear this in mind, even though the sensitivity analysis is out of
the scope of this work.

It is not too much to remind that the objective of the authors
with this paper is neither to prescribe the best measures choice
for a distribution utility’s low-income energy efficiency program
nor to perform the evaluation of the illustrative cases presented
here. Instead, we aim to propose an evaluation approach that goes
beyond cost-effectiveness analysis of the measures by focusing on
the consumers’ affordability to pay for energy services as a share
of the family income. Such approach can better link to poverty re-
duction policies and related indicators by disclosing more explicitly
this energy dimension of poverty.

5.1. Energy efficiency replacement program

As a result, the energy efficiency replacement program im-
proves the affordability ratio from 11.0% to 6.2% (Table 11). The
energy cost to the consumer comprises both the upfront costs of
replacements after the lifetimes of appliances, O&M and the elec-
tricity bill after savings.

In this scenario, under a year-by-year basis, the base case af-
fordability ratio of 11.0% would be attained in the years when the
consumer invests to replace the refrigerator and electric shower af-
ter their lifetime: 11.9% (year 10) and 13.1% (year 20) (Fig. 3). In the
end of the analysis period (year 25), the affordability ratio is 10.9%.
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Fig. 4. Annualized cost per electricity saved for different consumer loans for either utility’s PV Program or EE+PV Program.
Source: Source: Own elaboration.

In case the consumer would have to pay for the full tariff rate,
the affordability ratio (11.0%) after measures would be coincidently
the same as with the subsidized one (11.0%) of the base case before
the energy-efficient measure. In the end of the analysis period, the
affordability ratio is 20.0%.

Even though the impact of the program on affordability is im-
portant, its trend must be considered by evaluators and policy

makers. For this specific illustrative case, the affordability deteri-
oration condition over the years remains unchanged after the pro-
gram, because the income growth is lower than the tariff growth
(Fig. 3). New energy efficiency measures can be done, but its po-
tential is lower once that the benefited consumers do not depart
from an inefficient stock anymore. Hence, efficient energy services
have a role in improving energy affordability, but they face a natu-
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Table 12
Affordability ratio for different loans (consumer’s share of the up-
front costs) - PV Program.

Loan to consumer 20% 41%
Present value of the cost to consumer (US$) 2,788 4,228
Annualized cost per kWh saved (US$/kWh) 0.13 0.20
Reduced subsidies (US$/kWh) 0.17 0.17
Average affordability ratio (EC/IN) 4.5% 6.9%

Source: Own elaboration.

Table 13
Affordability ratio for different loans (consumer’s share of the PV system) -
EE + PV Program.

EE+PV  EE+PV  EE+PV  EE+PV
Loan to consumer 20% 34% 41% 68%
Present value of the cost to 2,140 2,746 3,049 4,217
consumer (US$)
Annualized cost per kWh 0.10 0.13 0.14 0.20
saved (US$/kWh)
Average affordability ratio 3.5% 4.5% 4.9% 6.8%
(EC/IN)

Source: Own elaboration.

ral limit which could be overcome either by broader development
policies or the use of energy services to generate income in pro-
ductive activities.

5.2. Grid-connected photovoltaic system program

The results of the annualized cost per electricity saved to the
consumer are presented in Table 12 for two scenarios of consumer
loans to repay over 10 years. It shows that the consumer would in-
vest the same SEET rate (US$ 0.13/kWh) to cover the costs of own-
ing 20% of the PV system, which would improve his affordability
ratio from 11.0% to 4.5%. At a loan of 41% of the PV system cost,
the consumer would pay the equivalent of the full residential tariff
(US$ 0.20/kWh), improving the affordability ratio to 6.9%, which is
still lower than the do-nothing scenario (11.0%).

5.3. Energy efficiency and PV system program

The affordability is improved from 11.0% to 3.5% if the consumer
shares 20% of the upfront costs (Table 13), which is better than the
4.5% achieved with the PV system only.

Fig. 4 presents the annualized cost to consumer of the electric-
ity saved for both programs (PV and EE+PV) as a function of the
consumer loan. It shows that the combination of the energy ef-
ficiency measures and the deployment of grid-connected PV sys-
tem provides the best affordability ratios for the consumer. It also
highlights the limits for the consumer loan participation, so that
the cost of the measures borne by him does not surpass the elec-
tricity tariff rate. In other words, the cost-effectiveness under the
consumer’s perspective.

6. Conclusions

The Brazilian illustration presented in this paper shows the im-
portance to shift the yet common rationale of designing and eval-
uating energy policy and programs from a strict cost-effectiveness,
electricity-saved perspective into one that explicitly address the
energy dimensions of poverty, in our case affordability. Further-
more, this change in mindset allows the instrumental connection
of energy policy and programs to broader developmental, poverty
eradication policy targets and related indicators.

This approach gains more prominence with the recent techno-
logical developments, as the cost of distributed renewable electric-
ity generation has been falling and becoming more interesting to

consumers (reduction of electricity bills) and utilities (reduction
of power theft, metering and billing costs). Thus, the inclusion of
cutting-edge decentralized supply technologies (solar PV, in par-
ticular) into the usual end-use energy efficiency measures brings
opportunities to better address affordability.

The example presented only covered solutions to improve af-
fordability on the household consumption level (energy costs). The
innovative business model turned possible by recent regulation
was the possibility to share electricity generation in low-income
communities.

However, productive uses of energy can be added to generate
income as well. For instance, households can either rent their roofs
to generate electricity from PV panels or charge a fee for cus-
tomers for battery charging at a price lower than the utility’s tar-
iff rate. New business models, appropriate regulation and innova-
tive financing schemes can help to create sustainable energy so-
lutions to low-income households and small businesses. Minigrid
technologies, mobile applications and storage technologies might
also enable different approaches and business that can have signif-
icant impacts in creating jobs and income in low-income commu-
nities.

These are all open possibilities with relevant potential to foster
socioeconomic development waiting to be creatively turned into
reality.
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