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1. Summary

“The goal of this paper is to present the work in the thesis developed by Silva Jr. (2005)
who discusses the application of the methodologies of Life Cycle Cost Analysis
(LCCA) as a tool 10 propose encrey efficiency standards, complementally to- the
voluntary labels already existing in the one-door Brazilian reffigerators. Another
abjective is to study the role of these instruments (energy efficiency labels and
standards and environmental labels) as means 1o supply technical subsidies for the
establishment of maximum level of electric energy consumption and environmental
quality impact for electrical equipments in Brazil. The LCCA methodology allows to
evaluate the impacts of the energy efficiency increasing in electrical cquipments
resulting in important saving (energy. financial, carbon dioxide emissions avoided etc.)
for the country and its citizens. The results reached in this studies offer important data to
subsidize decpered discussions with manufacturers and the govemment to stipulate
minimurm energy efficiency standards for the Brazilian refigerators. Thus, with increase
of 28,1% on the eneray efficiency of the one-door Brazilian refrigerators in 2008 to
reach a values of savings that can be in order of 54.63 TWh (with respective reduction
of demand power of 208 MW), of US$ 6.23 Billions of Dollar (RS 17.2 Billions of
Reais) of reduction in the account of electric energy for the population and of
approximately 22 billions of tons of COx not emitted on the environment after 30 years
of the implantation of standard. These values, that can't be despised by government,
manufacturers and consumers, One other interest of this work i to start the discussion,
the possibility of the creation of environmental labelling (e.g., Green Seal — USA, Eco-
label — EU etc.) that is an additional program/imethodology, which. it may be utilized as
support. for development of technologies and for the increase of energy and
environmental efficiency of the electric equipments. These labels are strategically
important for Brazil to amplify the environmental programs to their products because
they can facilitate the insertion of these products in the international market, at the same
time, that the country gets in the increase of the quality (environmental ctc.) and
promotes the sustainable development around the world

2. Introduction

In 2001-2002 Brazil had a crisis in the electric sector that was popularly called
“Apaglo”. At first, absence of rain was considered responsible as reason of rationing,
thus due to do Brazilian generator park be established approximately by 90% of electric
power, Aflerwards, it was verified that the “Apaglio” was also caused by omitting of
investment in the national eleciric system. At that time, necessity of the consumption of
clectric energy was until 20% in most of the Brazilian States, although, a few States
went on with their normal consumption. The electric power continued is their maximum
limits of storing of water and even hecing obliged to dismiss water. These happeni
coniributed for the economic retraction of de Country, stopping internal and external
investment and causing collapse in companying and dismissing and partial privation of
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the utilization of the public real estate, “Electricity”, the most part of Brazilian
population (1)

The facts as the previously mentioned should bring feelings also concemed to the
necessity of a new sustainable! consumption culture. It is very important the the
government created programs of concretization of the importance of using, in a rational
form, the natural recourses. Another factor that most be considered is the economic,
because, today it has beeing disseminated the necessity of join effort to protect the
environment and, consequently. the human being survival. Thus. many countries are
already demand form their suppliers (of varied product) a great worry in producing end
products of high quality and, at the same time, respecting Nature (3). This has being
demanded through of national programs of energy labelling (label of energy efficiency)
and, more recently, environmental (Ecologic Labels). The manufacture who not
adjusted to these demands may be prevented of commercialize his products in these
countries, causing economic and social problems for his company and for his country.

Nowadays, in Brazil there are modern instruments of incentive (Energy Efficiency Law,
compulsory investments in energy efficiency from the electric energy company,
Labelling Brazilian Program — PBE, National Program of Electric Energy Conservation,
etc.) 1o the technologic innovation introducing more rapidly the products energetically
more efficient n the consumer market.

The cnergy efficiency programs are tools that help in the reduction of consume
wartanting comfort (o the population and economic development to de country (quality
of the equipments, great private investments, etc.). Brazil has already the Law 10.295
(4), regulated by decree 4,059 (5) that regulate about the “National Program of Electric
Energy Conservation” establishing action group to study and establish minimum
standards energy efficiency for electric energy consumer equipments that are traded i
the country.

Therefore, partnership among government, manufactures and academy and research
institutions may contribute for the development of equipments and methodologies that
aimed evaluate and furnish technologic resources for this aim, beside to propose encrgy
efficiency standards (index) capable of being utilized by national industry.

Thus, the subject presented here suggests a sustaining methodology to the establishment
of the roles of energy efficiency. The most important part of the work developed are the
studies and the application of methodology of Life Cycle Cost Analysis (LCCA) for the
establishment of Minimum Energy Performance Standards (know in the literature as
MPES)

The energy efficiency standards and labels are they, voluntary or compulsory, have the
goal of establishing references for the energy electric consume. These instruments have
being widely used around the world as capable instruments for the realization of the
transformation of electric demand in the energy market.

In this way, the goal main of this work is to discuss the application of the methodology
of Life Cyele Cost Analysis (LCCA), as a tool to propose complementary energy

" Sustainable consume means o use with a safe conscience the natural resource 1o satisty the actual
necesities of population, without implicatng the nccessites and wishing of future generation (2)
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efficiency standards 1o the voluntary labels already existent and the possible
environment labels for the one-door *Brazilian refrigerators.

inergy Efficiency Standards and Labels

Here is presenied a brief review of some examples of energy efficicncy standards and
labelling programs applied around of world and in Brazil.

3.1. Examples of some Labels in World and in Brazil

Today in the world exist several countries that agreed fo the encrgy efficiency programs
and many of them make the labels in a compulsory character. One of the most known,
according to CLASP (6), is the comparative energy efficiency European Union label,
illustrated in Figure |

Figure | —Furopean Unian Lael: chassiication by category (7).
The comparative European Union label classifies the consumption. in kWhiyear, of the
equipment by categories (A, B, C. D, E, F and G). Thus, the cquipments that reach the
category “A™ will be the more efficient than the found in the category “G”, Brazil
adapted the model of the comparative European Union Label in the Labelling Brazilian
Program (PBE).

We can also find in use the labels called Endorsement Labels (7). Through this label
the consumer will only have the information (credibility) that appliance was approved
after have passed by texts used determined energy efficiency rules. To example we have
the Energy Star Label (Figure 2) that has been much utilized in computers and, at this
moment have been applied also in the ventilation area, heating. air-conditioning, office
equipments (6) and, more recently in the United States reffigerators (8).

I this work, we analyze as a case study that applies the propased methodologics, the one-oor Brazilian
domestic refrigecators. The justifcation forthis choice happens because the refrigerators are beside the
electric showers, he most consumers of elecricity i a residency, being its consumpion of clectric
enersy is cqual 10 30% of all residencies
? The Fnergy Effciency Labels are permitted t the clectric appliance and cquipments that paricipate of
an enery cificiency program and that are inside of the consumption levels (clectric energy) previously
established. The cnergy efficiency standards are procedures and rules stablished by lawiul insiruments
that stipulate the minimum performance oFa product manufuctured of compulsory form or no.

* Endorsement Labels are scals that already own a quality evaluaion rules and performance of before
approved product. These labels are typically appled in products considered Top-Tier, that is, the mare
effcient products of  market.
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Figure 2 - Energy Star fabel: Endorsement Labels (8).
In 2000 was implanted in Japan an energy labelling program with voluntary character
The goal is to incentive the manufacturers to present equipments with the lowest
consumption index possible. The appliance (model) that reaches the smallest
consumption index will receive the exclusive Top-Runner Label. The other models that
didn’t reach the index will receive another label color, indicating its how they are less
efficient (in %) comparing to the Top-Runner. This is a way of stimulate the
competition among manufacturers and technology innovations in energy efficiency
because the model that consume less energy in a year will be the Top-Runner for the
next year

The PROCEL/INMETRO Label of energy saving (Bravilian Label - Figure 3) is a
reward conceded annually to the electric equipments that present the most satisfactory
energy efficiency rate (Category “A” of the comparative Label - Figure 1) inside of ifs
respective modalities. The mean this reward is to stimulate the national manufacture of
houschold products more efficient in the modality saving energy and to orient the
consumer, in the instant of purchase, they o acquire cquipments that present beter
energy efficiency level (9),

Figure 3: PROCELANMETRO Label of Energy Saving (10).

3.2. Energy Efficiency Standards
The cncrgy efficiency standards had its origin in 1962 in Poland. The French
government established standards 1o the refrigerators in 1966 and o the freczers in
1978, Others. Furopean governments, including the Russian government, introduced
legislations authoricing the exigency of information referring to efficiency in lahels and
its energy performance in standards during the years 1960 and 1970 ((6), (1))

In the countries were these programs are practiced in compulsory character there is
prohibition of selling of products that are beneath of minimum energy efficiency
allowed by standard (¢.2. USA, Canada, France etc.). In the countries were they practice
energy efficiency standards programs in a voluntary character (c.g. Hong Kong, Japan
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ele.) it is not forbidden, but they stimulate the consumer to buy the equipments with a
Tabel (more efficient) with programs of information etc.

The standards establish a minimum efficiency (or maximum energy consumption) than
the products included in the program may present, These standards allow innovation
and project competitions among the manufacturers and the agreement is determined by
laboralary texts. For cxample, it unit most consume not more than a maximum quantity
of encrgy per year, according Lo the texts previously-established.

The Law n* 10.295 display that “The government will establish maximum consumption
levels of encrgy or minimum cnergy efficiency. of machines and appliances that
consume electric encrgy manufactured or traded in the Country, based in the concemed
technical index (4). This Law, settled by decree n® 4.059, assigns responsibilities 10 an
evaluator commitice co-ordinated hy the Mines and Energy Ministry (MME) (9). The
electric engine was the first Brazilian electric equipment to which was cstablished an
energy efficiency standard. as display the decree n* 4.508 “The specific regulation that
decides the minimum energy efficiency standards of clectric engine of three phases of
induction, of national or imported manufucture, for commercialization or use in
Brazil..”. ‘Thus. the minimum energy efficiency standards cstablished for clectric
engines are of compulsory character. So, the manuficturers of clectric engine (a5
Brazilian as Foreigner) who want to trade their products in Brazil will be obliged to
adjust to the new exigencies established by the Law n° 10.295 and by Decree 1 4 508
The seulements of standards for other types of appliance and equipments are already
being studicd in MME.

4. The Methodology Suggested for the Establishment of Minimum Energy
Efficiency Standards

The necessary information to analyc  Standard depends on the method use for its

establishment or of the resource available for its development. The Figure 4 is o

schematized diagram that shows the steps involved in the choice of the method of

analysis or Standard establishments.
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Figure 4: Step Involved in the Choice of the Method or Etablishment Standards (1).
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These Steps are Basically three:

The negotiation for it product, that involves search of information about: a) If the
product is made in the country; b) If there are importation of this product, which are the
technical characteristics of the appliances etc.; C) If a determined product still don’t
have the standard and/or label energy efficiency. is recommended 1o do a simplified*
analysis. On the contrary. if it passes for the following Step.

The second information 1o be answered is, display. of data about the project of the
product. If is not possible to obtain these dats with the manufacture, the Statistical
Analysis® is chosen to propose the standard. In affirmative case, it is chosen the
methodology of Life Cycle Cost Amlysis (LCCA) (the whole analysis of
engineeringleconomy and Payback)

For some counties, it can't be possible to use all the steps indicated in Figure 4 due to
not existing @ good data historical necessary for the application of the methods of
Statistical Analysis and LCCA. So, at least the simplified analysis most be used in any
situation.

4. Methodology LCCA

The methodology of Life Cycle Cost Analysis is the junction of three known technical,
being: the engineering /economy Analysis (searching of technologic innovations), the
Life Cycle Cost and the Payback Period. The sequence of calculations of this
methodology is made afier of the engineering analysis, here called of step 0, in which
are simulated the possible technological innovations in the equipments analyzcd.

Step | — the Life Cycle Cost (LCC) is the total expense of the consumer along the
lifetime of the equipment, included not only the purchase cost, but also the operating
cost (consumption of electric energy and maintenance) discounted by the Constant over
time (Equation 1),

LCC=R,+)—5 Were, B, =P+Cl @

Py = Retail purchase cost summed a innovation cost:
P = Retail purchase cost of the base product (consumer valuc):

€O = Annual operating Costs (Value paid by electricity consumption etc.);
« 1= Consumer real discount rate;

1= Constant over time (years), from product purchase:

N = Lifctime of the product (years): and

CI= Innovation cost has been analyzed.

Assuming that the operating costs don’t vary. it s obtained the Equation 3:

“This analysis consist of a simpliied technical-cconomic analyss. that i, it s collcted some models of a
product that s sl the market and it s made the comparison of encegy performance among tha.

“The Statistical Analysis consists of a Technical-economic analysis ess specified than the LCCA, that s
it i colleted models of the national market and it is mide the comparison of encrgy performance among
than through of a graphic. The next stp is o obiain a fevel af medium energy performance thiough of s
lincar regessing of all the muxiels collccted for the study. If it is found cquation of the level of the
‘medium energy performance, it is inseried the sffciency saving previously-Jetermined by the regulating
agency (e energy saving of 10%, 15%, 20% elc.). With the tnsert of effciency saving in the lincar
regressing, i s found the standard straigh line foe the new Jevels of nergy efficency the wil be uilized
as reference for the consumprion of electricity of the new equipments and eleetric-electronic appliance
made andor traded i the Country
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The expression 4 is called Present Waorth Factor (PWF) (12):

L1 1 1)

I = PWF

Z(l+r)’ P () J o

If it is substituted, thus, the Equation 4 in the Equation 3, it is obtained the Equation 5.
LCC =P, + PWF *CO ®)

Step 2 — after determining the LCC of the product (different for each option of

inovation) it is calculated the Payback Period = PAY. The PAY furnishes the necessary

time for the consumer 10 recover additional due 1o the increase of efficiency, due to the

smallest operating costs of the appliances and equipments. The PAY is obtained through

the resolution of the Equation 6 (11).

*co @)

pay

Cl+ Y ACOt

©)

The ACO is the difference of the operating costs before and after the insertion of the
innovation be analyzed. Assuming that the difference of the operating costs (ACO) it is
‘maintained constant over time (), the expression has a simple solution:

[ cr J
Aco o
Found Results

The methodology of the LCCA has a technical base originating in simulations of
technical improvements in the refrigerator not despising economic calculations that take
in consideration the reffigerator lfetime, Payback Period for the consumer, the technical
innovation costs and the Life Cycle Cost (LCC). being possible to obtain, in this way,
the investment net save that is the difference between the total save obtained and the
efficiency project cost (operating costs summed a innovation costs). These economic
caleulations are important 1o help in the feasibility or unfeasibility of the encrgy
efficiency project.

Thus, it is proposed by case study of the LCCA that the energy cfficiency of the one-
door refrigerators commercialized in Brazil could increase as a rule 28,1% in 2008,
These efficiency saves can be reached through the technologic innovations as the
utilization of compressor more efficient and other innovations, alrcady existing in the
market, as: initial increase of 4" and afterwards of 17 in the thermal wall insulation
thickness, door of the refrigerator etc. The standards proposed by LCCA it is presenting
economically feasibility, with a Payback Period of 6 years, approximately ' of lifetime
of a refrigerator is estimated in 16 years. In period from 2008 to 2038, the quantity of
energy saved may reach the amount of 54.6 TWh, the quantity CO; avoided emission
can reach 11 millions of (CO, and the Brazilian consumers can save approximately US$
6.23 billions of Dollar in their electric bills. With the acquirement of standard it was
established also, the Encrgy Efficiency Rate to each category of the
PROCEL/INMETRO comparative label for the one-door refrigerators.

PAY
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Table 1: Propose of Energy Efficiency Rate to the Standard 1 (28,10%) in 2008

EER
B 18,29 <ous< 18,44
@ 18,07 <ous< 1829
D 17,68 <ous< 18,07
E 17,11 <ous< 17,68

The example to follow has the goal to facilitate the interpretation of the Energy
Efficiency Rate of the Table 1. Thus, it is taking of adjusted volume of the refrigerator
(e.g. 330 liters) and it is divided by its monthly consumption (e.g. 17,54 kWh/month) is
obtained the EER = 17,10. It is comparing the EER = 17,10 with the Table 1 (Standard
in 2008) the refrigerator is in the category “F”.

6. Conclusions

The use of tools and methods that simulate the performance of the refrigerator to
propose technical innovations and the use of the methodology LCCA that is possible to
obtain significative reductions in the electricity consumption of the Brazilian
refrigerators. The big advantage of analysis presented through the application of the
methodology of Life Cycle Cost Analysis is to permit valuation of innovation impacts
(technologic improvements) feasibility economically (cost-effective) in refrigerators
(e.g. of one-door), resulting in important saves to the Brazilian consumers and for the
Country and to stimulate the dispute of a market of quality for the Household Sector.
Although, when it isn’t possible to collect the data claimed to application of LCCA
(Innovations technical data, Costs etc.), it can utilize to the methodology more
simplified as previously mentioned.

So. the recommendation of the implantation of the standard obtained with the LCCA of
28,10% in rate of the household sector of energy efficiency increase and of the proposal
of the Energy Efficiency Rate (Table 1) in 2008.

This study recommends also, the development of an environmental label for the
Brazilian refrigerators. Those labels are already being utilized by several countries
around the world (e.g. Green Seal — USA, Eco-Label — EU etc., Figure 5), stimulating

the manufacturers to adjust in their rules in other to trade their products in those
countries.
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Figure 5: Environmental Labels: Eco-label (EU) and Green Seal (USA) (14).
Brazil doesn’t still won this type of environmental label for refrigerators, but if nothing
is done to change this situation, the Brazilian manufacturers refrigerators may have
difficulties, by countries that claim the environmental label, to export their products, the
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Brazilian consumers will continue acquiring products with inferior technologies and
possibly with higher environmental impacts and the Country will go on suffering
environmental impacts due to the increase of the demand in the electricity consumptions
from of energy and environmental inefficient appliances. Although, it can’t only give
emphasis to the side of the economic strategic as advantage to the utilization of
environmental label programs. These programs seek mainly to reduce the environmental
impacts caused by all manufacture chain of a product, it is seeks the technical quality of
the product (energy efficiency programs) and also seeks the life quality and physical
integrity of the consumer (e.g. preoccupation with noise levels, with materials that can
provoke allergy, that can contain parts that cause accidents by perforation, cutting etc.).
Thus, the environmental label programs hold important differences before the energy
efficiency programs because embody, not only, the technical aspects of functioning of a
electric equipment (energy performance), were the energy efficiency labels and
standards are fundamental, but also, all the aspects of the life cycle of the product. So,
those programs allow to analyse and to reduce the portion of responsibility of a product
in the impacts occurred a environment, from the withdrawal of its raw material in
nature, passing by all its productive process, distribution logistics and end use with
consumer until to come a end its lifetime (its discard or scrapping), as it is shows the
Figure 6.
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Figure 6: Schematic diagram of the Life Cycle Analysis (13).

Thus, here is the recomendation for the next Works, of a study about environmental
labels, the complete the analysis of the energy efficiency standards and labels, here
already presented. It will be necessary, new simulations, using specific software, new
considerations about technologic innovations, study of the improvement of the energy
efficiency and of the environmental impacts also for other consumer equipments of
electricity and even the developments and/or adaptation of the methodologies of the
international environmental label programs for the Brazilian case.

Portanto, fica a recomendagdo, para proximos trabalhos, de um estudo sobre rétulos
ambientais, que complementa a anilise dos selos e padrdes de eficiéncia energética,
aqui apresentada. Serdo necessdrias, novas simulagdes, utilizando softwares especificos,
novas consideragdes sobre inovagdes tecnolégicas, estudo de melhoria de eficiéncia
energética e de impacto ambiental também para outros equipamentos consumidores de
eletricidade ¢ até mesmo desenvolvimento e/ou adaptagio das metodologias de
programas de rotulagem ambiental internacionais para o caso brasileiro.
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