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Abstract

This study presents a viability study of the
energy efficiency in public lighting of the District of
Cisneiros / MG controlled by the management system.
Today, due to a series of transformations, the concern
with the environment is increased. There is much
discussion about preservation alternatives and
positive and conscious attitudes that people and
organizations can practice for the preservation of life.
Energy efficiency plays an increasingly important
role in this scenario, considering the implementation
of programs aimed at reducing electric losses,
associating the idea of producing more or equal,
spending less. In this study, the economic viability
applied in an energy efficiency project will be studied
in which mercury vapor lamps were replaced by LED
luminaires, aiming to reduce consumption, improve
the operating system and reduce environmental
impact. The methodology applied to the case study
was based on bibliographic research, articles found
in Google Scholar and also on ANEEL's Propee. With
the analysis of the project, it was verified the
economic feasibility, with the obtained results, it is
suggested that it be executed.
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I. INTRODUCTION

Due to a number of transformations in the
environment, much is being discussed today about
preservation alternatives and positive and conscious
attitudes that people and organizations can practice
for the preservation of life. According to [1] (2007),
the objective of these alternatives is to create forms
that cause less consequences to the environment and
humans living on the planet, as over time increases
the concern about the risk of extinction of
biodiversity and climate change. According to the
author, there is much talk today about good practices

related to the conscious use of the resources available
in nature, as well as on the practice of environmental
education and reuse of the waste generated by the
human being.

Considering the movements for the environment,
the treaties related to climate change, energy
efficiency has been placed as a privileged instrument
to mitigate the effects of emissions of greenhouse
gases and destroyers of the ozone layer. Over time, it
has been realized that increased efficiency can be one
of the most economical and environmentally friendly
ways to meet the energy requirements of energy
efficiency programs, such as the National Program for
the Conservation of Electric Energy (PROCEL) and
the Energy Efficiency Program (PEE).

In energy efficiency projects, obsolete or outdated
equipment is replaced by modern equipment and
better performance, so that energy savings in public
lighting networks with financial gains for the client
and the investor. Some projects achieve gains with
the automation of the equipment, improving all
process from the control of the damaged equipment
and optimization of luminous flow. Despite this,
investors need to evaluate financial gains and for this
there are investment analysis techniques that help in
decision making.

This article presents a viability study of energy
efficiency in public lighting controlled by the
management system of a district in the interior of
Minas Gerais. The district of Cisneiros is composed
of approximately 1050 inhabitants and has 125 points
of illumination that were analyzed for the verification
of the efficiency. After the study, investment analysis
techniques were used to demonstrate the return on
invested capital and the gain generated for investors
to demonstrate the viability of the project.

The general objective of the study is to verify the
feasibility of energy efficiency in public lighting in
the District of Cisneiros / MG controlled by the
Remote Management  system. Specifically,
calculations of monetary and energy economics will
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be carried out, demonstrating the viability of the
project and a comparison considering the two forms
of analysis, the project being funded with the
resources of the city and the second the project being
funded by the National Agency of Electric Energy
(ANNEL), proving that it has a cost / benefit ratio of
less than or equal to 0.8, according to ANEEL's PEE
methodology, being an autarchy under a special
regime linked to the Ministry of Mines and Energy,
with the purpose production, transmission and
commercialization of electricity, in accordance with
the policies and guidelines of the federal government.

This study is justified due to the proposal of the
reduction in the consumption of electric energy and
by the facility to replicate in other cities, considering
the fact that in the majority they make use of the
artificial lighting during the night. Considering all the
previously mentioned concern, it is opportune to
reaffirm that the whole of society must really
collaborate for an improvement of our environment.
According to [2] (2015), the world is facing a water
crisis that brings serious social and economic impacts,
so that all changes of principles, for the sake of life,
practiced by people and organizations will contribute
to the future generations of our planet.

Il. LITERATURE REVISION

A. Energy efficiency

Energy efficiency is the method of achieving more
energy using less. According to [3], this means using
energy efficiently. Energy efficiency is the ratio
between the amount of energy applied in an activity
and the amount available for its consummation.
According to [4], energy efficiency means producing
more energy or the same amount, spending a lower
amount of energy, as energy advancement and
rational use of energy will practice of using few
natural resources to generate energy, to minimize
negative effects on the environment.

B. Led technology (Lamps)

According to [5], LED technology advances in
light due to its perceived, studied and proven
attributes, such as: long service life, simple
maintenance, controllable luminous flux, luminous
efficiency, wide range of possible colors and most
importantly, low power consumption. According to
[6] say that the propensity is that LED lighting
progresses more and more in projects, today's
technology in LED has a higher price of execution
when compared to the other options that the market
offers, but the trend is that these new technologies
have a greater decrease in cost, making it more
feasible and affordable, since the cost / benefit can be
perceived in the short term and the results are seen in
the medium and long term. According to [5], at
present, and the efficiency of an LED is around
100Im/W, however in 2020 it is expected that this
efficiency will be able to exceed 200Im/W.

C. Remote Management System

The Remote Management System is the use of
devices with the purpose of controlling and
monitoring the public lighting networks, through
applications capable of performing the activation or
disconnection of the luminaire, control the luminous
flux, inform about consumption, time of use and
defects. According to [7], these systems make it
possible to manage specific luminaires or in
conjunction with access to lighting points and direct
mode operation in the point of illumination.
According to the same author, Tele-management
systems provide a series of innovations and
advantages in the control of lighting as the reduction
in emissions of greenhouse gases; greater reliability
and safety; lower consumption of fossil fuels, with
the reduction of CO2 emissions; of the "green
image".

D. Investment analysis

According to [8] the analysis of investments
includes in the critique of a single investment with the
purpose of judging whether it is of their interest or
not, but also in the study of the alternatives between
two or more investments to choose the best. Also,
according to [9] the analysis of an investment seeks to
ascertain whether or not the project is feasible to be
implemented, in this way a comparison is made using
the analysis methods and parameters that associate
costs and own revenues to the project. It is important
for the effective application of scarce resources in an
organizational environment, according to [10].

I11. METHODOLOGY

The present study was carried out based on
bibliographical research in scientific articles and
monographs available in academic google and in
books found in the library of the Integrated Faculties
of Cataguases (FIC / UNIS) and specific sites, from
February to May 2018, in order to obtain a theoretical
basis on the content addressed and the methods to be
used.

The method used for the research in question was
the case study. According to [11] the case study is a
method adopted to verify the data that was studied,
trying to analyze the decisions taken, the reason for
certain actions and in which they resulted. The work
in question aims at the implementation of an energy
efficiency project, with the purpose of realizing the
replacement of the public lighting of the district of
Cisneiros in the interior of Minas Gerais. This
replacement will happen through the installation of
LED lighting, which consists of more economical
luminaires with a longer service life. For the
development of the formulas and demonstration of
the collected data, Excel 2010 software was used. The
data were obtained through technical information
provided by the luminaire supplier in Led and a
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demonstration of the monthly consumption of public
lighting in Cisneiros District/MG.

The purpose of the project is to demonstrate its
feasibility and financial analysis, whose benefits
assist the city in the decision making of investment in
the energy efficiency project.

Public lighting in the district of Cisneiros / MG is
made up of a total of 125 lighting points and all of
these points can be made more efficient by replacing
all those luminaires with mercury vapor lamps of 125
W with 50 W LED public lighting fixtures. objective
of giving a better efficiency to the public lighting of
the district, seeking a reduction in energy
consumption, reduction in lighting maintenance costs,
longer equipment life, reduction of energy wastage
and reduction of environmental damage.

IV. RESULTS AND DISCUSSION

A. Financial analysis using the municipality's own
resources

For an initial evaluation of the results were
made quotations of equipment, systems and labor
with a specialized local service provider in order to
define which luminaire would be used and determine
the total investment of the project. In order to
determine which luminaire would be used, the
lighting project was carried out to demonstrate that it
is feasible to install the lamp on the spot, comparing
the luminous flux of the current lamps to 5,550
lumens and the luminous flux that the 50 W LED
luminaire proposes is of 6,517.8 lumens, thus meeting
the population, the height, the distance between the
posts and the width of the street.
Lighting power

)

Lifespan
(hours)

50

70000

Lifespan

(years) 16

Investiment

) R$ 69.468,93
equipment

Manpower

. ) R$ 21.328,18
instalation

Remote control
system ( 25
luminaires)

R$ 23.258,41

Total
investment

Table 1: Initial Investment.

R$ 114.055,92

He consumption of the current and proposed
luminaire was calculated, being multiplied the power
of the luminaires by the hours and days of operation,
thus achieving the total consumption, according to the
following formula: Consumption (kWh / month) =
Power (W) x operating hours x days operation / 1000.
Twelve operating hours per day were considered,
operating 30 days per month for 12 months, to
calculate the consumption, according to table 2
below:

Lighting | Reactor Operation| Operation Monthy
power power |Amount| per day | in month |consumption
w) w) (hours) (days) [(KWh/month)
125 13 125 12 30 6.210
50 - 125 12 30 2.250
Table 2: Monthly consumption of the proposed

luminaire.

Through an energy invoice provided by a public
agency in Palmas / MG it can be verified that the
tariff value is 0,40025 R $ / kWh, in this way was
calculated the monetary savings that the project will
have, making the substitution of lighting. The
following equation was used for the calculation of the
monetary economy: Economy (R$/month)=Economy
X energy tariff.

Tariff Monthly .
. R g Invoice
Project with  |consumption amount
taxes (KWh)
Current | 0,40025 6.210 R$ 2.485,55
Proposed [ 0,40025 2.250 R$ 900,56

Generated economy (R$/month) | R$ 1.584,99
Table 3: Monetary Economics.

After obtaining monetary savings, the simple
payback was calculated to verify the return on
investment. The following equation was used for the
calculation of simple payback. For the calculation of
the simple payback in years the result was divided in
months by 12. Simple payback (months) = Value of
the investment (R$) / Economy (R $).

Initial Monthly | Simple | Simples
i i payback | payback
investment savings
(months) | (years)
R$ 114.055,52 | R$ 1.584,99 72 5

Table 4: Simple Payback.

Using the Excel software, the NPV (net present
value) and the internal rate of return (IRR) of the
project were also calculated. For the calculation of
NPV and IRR we use the formulas that excel itself
makes available, we consider a TMA (minimum
attractiveness rate) of 0.5467% which refers to the
long-term interest rate available on the IRS website
and also through the cash flow that demonstrates the
inputs and outputs of the project.

VPL TIR
R$ 73.682,74 1,30%
Table 5: Simple Payback.

Considering a TMA of 0.5467, according to table
5, the results prove that the project is feasible, since
the IRR was higher than the TMA. The NPV is
positive.

B. Viability analysis carried out by ANEEL's Energy
Efficiency Program

Using the methodologies set forth in ANEEL's
Energy Efficiency Program, calculations were also
made to demonstrate the feasibility of implementing
the project through ANEEL resources. The
concessionaires of electric power in the concession
area open public calls so that these projects can be
submitted and approved. Initially, the project costs
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were considered, as shown in the table below.
Following ANEEL's procedures, marketing, disposal,
measurement and verification costs were included.

Description Lifespan Amount Unit cost Total cost
(years)
Led fixtures -
50 W 16 125 R$ 555,74 [ R$ 69.467,50
Remote
management 10 1 R$ 23.258,41 | R$ 23.258,41
system
Installation 1 R$ 21.328,18 | R$ 21.328,18
Marketing 1 R$ 2.500,00 | R$ 2.500,00
Discard 125 R$ 1,60 | R$ 200,00
M&V 1 R$ 3.000,00 | R$ 3.000,00

Table 6: Project Costs.

After defining the project costs, the annualized costs
were calculated considering the capital recovery
factor at a rate of 8% per year and taking into
consideration the useful life of the equipment.

Capital | Annualized
recovery| cost with
factor indirect

Lifespan

Amount| Total cost
(years)

Equipment Unit cost

Led fixtures -
50 W
Remote
management | R$ 23.258,41 1

system

R$ 555,74 125 R$ 69.467,50 16 0,11226 | R$ 10.071,28

R$ 23.258,41 10 0,14767 | R$ 4.435,83

CET= R$ 92.725,91 CAT=
Table 7: Annualized costs.

R$ 14.507,11

The annualized benefit was calculated using the
following formula:

BAT = (EE x EEC) + (RDP x CED)

Considering the unit cost of energy saved (CEE) R
$ 610.86/MW/h and unit cost avoided (CED) R$
847,26/kW/h. These values were presented in the
announcement of the public call of the on-site
distributor. The monthly consumption value was
multiplied by 12 months and divided by 1000 to find
the annual consumption in MWh and decreasing the
annual consumption of the current equipment by the
proposed one, we arrive at the calculation of the
annual energy saved (MWh/year) and for the
calculation of the demand reduction in kW (RDP)
was multiplied the quantity by power, divided by
1000 and subtracted the current by the proposal.

Monthly Annual Demand
Equipment|consumption [consumption ?Jtoﬁ:(:
(KWh/month) [ (MWh/year) (KW)
Current 6.210 74,52 17,25
Proposed 2.250 24 6,25
3.960 47.52 11
Table 8: Monetary savings and demand reduction in

peak hours.

BAT= (47,52 x 610,86) + (11 x 847,26) = R$
38.347,93/year

And after the calculations made above, the cost
benefit ratio (RCB) of the project is defined, this
calculation demonstrates whether or not the project
can be done by ANEEL's own resources. The
criterion is to demonstrate that the cost benefit ratio is
equal to or less than 0.8.

RCB= CA71/ BAT
e CAfT - Annualized total cost (R$/year)
e BAT - Annualized benefit (R$/year)

RCB=14.507,12 / 38.347,93 = 0,38

Thus, with an RCB of 0.38 it is evident that the
project has feasibility and can be executed with own
resources offered by ANEEL.

C. Practical Result

In the case of execution of the project would be
carried out the measurement and verification to prove
the savings. This measurement follows the standards
prescribed in the EVO (Efficiency Valuation
Organization) international measurement and
performance verification protocol. Measurements
were made in lamps of the same model and power of
the current ones and 50 W led luminaires of the same
model proposed. The digital et-4091 minipa
wattmeter was used to carry out the measurements
and to prove the expected savings. First, the number
of samples required for the current and proposed lamp
was calculated. The Aneel lighting worksheet was
used to perform the calculations. The formulas used
for the calculation are found in the appendix. Number
of lamps: 125/Z: 1,96/Reliability: 95%/and (precision
target): 10%/estimated cc: 0.1/n0: 4/n: 4. ANEEL
defines in the program that the measurements must
have an accuracy of 10% with a reliability of 95%.
Through the calculations it was defined that the
number of lamps to be measured would be 4 samples
per lamp type. In this way, the measurements were
performed on the defined samples. Finding the values
as per the table below.

Current Proposal

Initial sample 4 Initial sample 4

Sample carried out 4 Sample carried out 4
Average 140 W Average 48,3 W
Sam ple'stismdard 10W Sample. stgndard 04w

deviation deviation

Calculated cv 1,40% Calculated cv 0,70%
e (precision found) 1,30% e (precision found) 0,70%

Table 9: Definition of samples.

The means of the measurements were calculated,
using the formula of Excel itself. And the
measurements will be in the appendix. The coefficient
of variance (CV) is found by dividing the mean by the
standard deviation. After these results were obtained
the calculations of the economy with the real values
(measured).

Monthly Annual Demand
Equipment | consumption |consum ption ;toti:‘:
(KWhimonth) | (MWh/year) (kW)
Current 6.298 75.57 17.49
Proposed 2176 26,11 6,04
4122 49,465 11,45

Table 10: Calculation of the economy with the average
of the measurements made.
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BAT= (49,46 x 610,86) + (11,45 x 847,26) = R$

39917,80/year
Considering current power 140 W and the
proposed 48.3 W.

RCB= 14.507,12 / 39917,80 = 0,36

It can be concluded from this practice that the
result was better than expected, since the predicted in
the viability analysis was a rch of 0.38 and through
practice we verified the economy and feasibility of
the project, demonstrating a rcb of 0.36. That is, the 2
rcb presented are lower than the maximum allowed
by ANEEL which is 0.8. Enabling the project to be
executed with ANEEL resources.

V. CONCLUSIONS

In view of the current water crisis that the country
is experiencing and the increase of researches in the
area of energy efficiency, the objectives of the present
work were met, calculations of monetary and energy
economy, showing the viability of the project and a
comparison considering the 2 (two) forms of analysis,
the project being funded with the resources of the city
hall and the second the project being funded by
ANNEL, proving if it has a cost / benefit ratio of less
than or equal to 0.8, according to ANEEL's PEE
methodology.

The methodology applied to the case study was
based on bibliographical research, articles found in
Google Scholar and also on ANEEL's Propee to
verify which parameters are determined. Microsoft
Office Excel 2010 software was used to compile
tables and perform calculations. The project presented
economic feasibility, demonstrating that the first
option of analysis presented IRR greater than 0 and
NPV positive and the second option resulted in a cost
/ benefit ratio (RCB) of 0.38. And after performing
the practice performing the measurements the RCB
was at 0.36, proving that the project is once again
viable.
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