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Overview

The first attempts at standardizing specific regmients and measurements for LED were observeckimitidle
1990s, around 20 years after LED products stanteeriag into market — especially with regards téegaand
quality requirements, essential aspects for themroercial insertion, so that consumers have conéeen the
usage of this new source of lighting. In Brazike ttompanies of the lighting industry rely on the@erise of the
National Institute of Metrology, Quality and Teclogy (Inmetro) for the execution of tests and measent
services for the development of luminaries. Therdf such services avoids that companies, espesiakbll and
medium-sized, spend significant amounts on equipinstallation, as it was mentioned while calcuigtthe cost
of metrological services, which also requires splemd staff and infrastructure. This study will Bedicated to
analyzing the role played by metrology in suppagrtine Brazilian LED industry, emphasizing the imgasxerted
by Inmetro.
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1. LED market outlook

Light-emitting diodes (LED) are included in thetstaolid lighting (SSL) technologywhose utilization has been
growing at a remarkable speed for the past 40 ybath regarding the amount of products utilizedragh as
their spread for different sectors: housing andlipdlghting, displays and electronic devices, e tautomotive
industry, in medical devices, toys and so on.

Though the light industry has been a quite stabtgrent since the T&entury, it is now going through a major
change, induced by population growth and a gredgerand for energy efficiency products. Accordingstiadies
developed by McKinsey & Company (2011 and 2012ja daresee that world population will reach up t@ 7
billion in 2020. This growth will cause an explasiin urban population and, consequently, a greasage of
lighting, since cities consume more light than raraas.

Recent data provided by the Boston Consulting GriB@GY show that, in 2014, the global lighting market
reached up to US$ 112 billion and, until 2020, thisnber will raise up to US$ 133 billion, a medignowth of
roughly 3% per year.

Nonetheless, due to its highly heterogeneous ctaaistics, the lighting market has not been recgiva lot of
attention, despite its vast size. Therefore, ireotd facilitate the understanding of such specifiaracteristics, this
market should be analyzed under three perspeativagplication: general illumination, automotivéurhination
and backlight illumination. However, it is importan highlight this market is undergoing a deep eapd change,
driven by two trends: the growing adoption of ligimitting diodes (LED) technology and the increggopularity
of connected lighting systems.

The general lighting market is the dominant oneresenting around 75% of the total, and it is suiddd into
housing, commercial, hospital, industrial and pubthting. This sector has reached revenues ofcapately 75
billion Euros in 2011, with the expectation of rbaxg up to 83 billion Euros in 2020 — the BCG estied that this

YLED lamps of unique base with incorporated contielices, on the contrary of other lamps that useégaemetallic filaments
or electric discharges in gases to produce ligltgipce light through the phenomenon known as elkohinescence, being,
for that called solid state lighting (SSL) (Inmet2®13).

“Based on the report “How to win in a transformiiggpting industry” (2015).



number reached up to € 72 billion in 2014. Suchwinowill be guided by the strong increase of thestnuction
sector, mainly in emerging countries.

The automotive lighting sector represents arourtd 20the total, with revenues estimated in more th& billion
Euros in 2020 — in 2014, this number has alreadghred € 17 billion, according to BCG. This segnwetrgjectory
keeps a deep similarity with the general lightiegter: it is related to a sound growth of the dedsafor cars in
emerging countries.

Finally, the lighting sector of backlight, whichcindes screens for laptops, monitors, televisiontsaher portable
devices, represents around 5% of the market. Tle characteristic of such niche is the strong petien of LED
lighting, that reached 50% of this market in 20d4ih the expectation of reaching the peak of 108%he next
year$ (McKinsey & Companyop. cit.).

Another factor that has been considered as a widl is the growing concern with environmentaliéss and
climate change. Because of these concerns, govatarhave been trying to banish less efficient petgllike
incandescent lights), and have also been settingemergy efficiency requirements for green buildintn this
path, energy efficiency technologies for lightisgch as LED, have received more attention.

Besides the trends of price reduction in the seaufttiacklight, there has been a reduction in tretscof LED chips
and packagint(which still represents one of the most significaroduction costs), mainly in the components that
were designed for usage in medium power, suitaislgéneral lighting.

LEDs have, then, entered into the policy desigrvarious countries all over the world, mainly intstea in
improving the efficiency of energy consumption.viarious countries, mandates have been issued toopecthe
mandatory replacement of incandescent lights, ogeaiwider space for other lighting technologieghwa sound
contribution from LED products.

For its commercial insertion, nonetheless, it iseesal that LED products comply with safety andalgy
requirements, especially so that consumers haviiddemige in the usage of this new source of eneygyalet al.,
2013). In fact, as Estrada-Hernandez et al. (2008jted it out, the light emission principle of LEDs completely
different from the one of conventional lamps, wingposes, then, the need of new measurement paradigm

The first attempts at standardizing specific reguients and measurements (mainly regarding safetygaality
aspects) for LED were observed in the middle 198@sund 20 years after LED products started ergdrito
market.

In Brazil, the LED industry relies on the expertifethe National Institute of Metrology, Quality T echnology
(Inmetro) for the execution of tests and measureémsenvices for the development and improvementiwiiharies.
The offer of such services avoids that companigseaally small and medium-sized, spend signifieanbunts on
equipment installation, which also requires spemal staff and infrastructure.

This study will be dedicated to shed some lighthe important role played by metrology in suppaytite
Brazilian LED industry, especially in terms of marlaccess and fair competition.

2. Metodology

To properly build our analysis, key stakeholdersh@ LED industry were heard through interviews émdugh
the application of a questionnaire in order to tdgrhow important metrology and related aspects @r the
development of this industry. The research adddeseme topics related to how the National Metrolotgtitute
(NMI) must get prepared for the challenges thaugty will face over the coming years.

Additionally, a Cost/Benefit Analysis (CBA) has Ipebuilt. Our goal here was to try to identify theturns
obtained by the policies conducted by Inmetro is process, i.e., whether the benefits providedheyservices

3According to data made available by Technavio,eieample, the mobile computing device segment damihthe market
during 2015, with a market share of 82%.

“Procedure held in the initial of the LED value chaihich involves the encapsulation and protectibthe chip using either
epoxy resin or silicon.



made available to the LED industry compensatesadsés and investments engaged by the Institute objeetive
here is to call attention to the need that thigtgp initiative be included in public policies te llesigned to the
sector.

Although the CBA is a widespread quantifying methibere is no specific methodology for assessiegdifferent
impacts of a certain project, especially if it slso&non economic nature (social, environmental). éftis is why
the joint use of more than one technique and melbgg (for example, the use of complementary gatwie
assessments) has become quite usual.

In an attempt to explain the main difficulties ta application, as well as complementary and sdtera ways to
overcome them, the Office of Management and Bu(ig#ice, 1992) prepared a manual whose guidelieésy ito
quantifying the effects of a program and/or politfythis is difficult to quantify, it is advisableo submit any
relevant quantitative information, beyond the dgson of non-quantifiable effects. In this sensehen
quantification of certain types of costs/benefgseither difficult or impossible, you can selechest auxiliary
methods. The techniques depend on different cantmd technical structure of the institution inrgea

Regarding public investment, particularly in R&D rikghes (1958) was perhaps the pioneer to develop
mechanisms to estimate their rate of social andafgireturns. In its simplest model, innovationgeti@ped by the
public sector contribute to reduce the productiosts of goods sold in a competitive market. In lemspetitive
markets, the Griliches model also considers thelymer surplus to measure the rates of return. yad$97),
followed by Link and Scott (1998, 2011), proposes tmethodological alternatives: the spillover arme t
counterfactual methodologies.

The methodology used to evaluate the performancprishte R&D subsidized by public resources is exll
spillover methodology. Applying this methodologydealuate R&D performed in the private sphere amgpsrted

with public funds is appropriate because its resutinly partially suitable for the company, theneénder being
transferred to the whole society. The extent ofgpidover of this knowledge with public good chetexistics and
their effects on the estimates for the rate ofrretn the private sector compared to a "minimune raft return”

determine whether the public sector should subsidiznot the research in the private sector.

The counterfactual methodology, on the other hemdsed to compare the current technological §&ié¢us quo)
with the situation in which the technology does meateive public investment. Tass@p.(cit) advocates the use of
a "counterfactual methodology for economic impassessment”, to analyze a situation in which thelipub
investment could, somehow, have been alternatipelformed by the private sector and thus the gésera
technology could also have been developed by tlatprsector.

In other words, the benefits of public investmeah de characterized as the cost that the privatersavoided
expending. However, it is not always possible & private sector to make the investment — espgamR&D —

in the same way that the public sector, keepingstmae quality. In this sense, the avoided costesept the
expenses the private sector would have had witlidévelopment of a substitute technology and the ¢ds/alue
due to the lack of quality of the alternative temlogy when compared to the technology developeabityir public
investment.

In the case of metrology, this aspect becomes ravident. Based on the broader social benefit ofrotay
programs, whose character of public good requirggehinvestments, as well as elements of integrattois
expected that such activities be conducted, an#tional level, under the aegis of a central gavemmt agency.
Swann (1999) argues that a national system of measunts that exceeds certain minimum level canr offe
significant advantages to firms in that countrycsithe metrology institutes that carry out thedaviies not only
perform research, but also assist in the incormraif the results achieved by those who do notehawbroader
understanding of basic research. The author, mere®upports the role of the state in the provisibrihese
resources, since "measurement systems financdkeljyublic sector encourage the types of innovatibnduced
that disrupt the stability and familiarity" (p. 36)

Therefore, rates of return of counterfactual besedind the cost/benefit rate would be achievedpractice,
through extensive interviews with managers, resesscand those stakeholders of the sector. Thiulation
would be made based on the answers to the fundahtpréstion in the assessment: are public invegsr@emore
efficient mean to generate/enhance certain techggolban private investment could have been had tesn
realized?



In recent years there has been, among economisitspartant development of methods based on irdersj such
as the counterfactual or choice models. These empatal techniques "simulate a market situationkinga
respondents more ‘comfortable’ to express the@isassents - hypothetical - about the real improvésnarspecific
environments" (Pearce and Turner, 1990).

The next section will present the results of ogesgch based on the above methodology.

3. The impacts of metrology applied to the LED sectoin Brazil
3.1 - Introduction

In 1988, the average number of lamps in every Baawzihome was divided as such: 6 incandescent aid 1
fluorescents lamps. After the 2001 "blackduthd the energy rationing, the market of energiciefit lamps
experienced a great boost. In 2005, the numbemop$ present in each home in Brazil reached thk af& units,
being 4 incandescent and 4 fluorescent lamps, erage. The market of fluorescent lamps has grovenita®0%
per year since 2001 and from 2006 to 2007, theeas® was from 20% to 25%. Despite this growth, 608t of
residential lighting is reached through incandestamps (Mansoet al., 2010).

According to the Brazilian Association of Lightingdustry (Abilux), the number of LED lamps sold Brazil
jumped from 4 million units in 2011 to 81 milliom i2015, but still represents less than 15% of tital t
consumption (about 600 million). The growth in tige of this technology can be explained by the dwétval
from the market of incandescent bulbs, the largeciise in the price of electric energy in the tastyears and the
sharp fall in the price of LED products, which fasots adoption. Nonetheless, Abilux estimates it
participation of Brazilian companies in the natiobBD market is still less than 10%.

Also with respect to the LED technology, it is netethy that their participation gained a new imgula the
country, especially from 2010 onwards, when theddiand Energy Ministry (MME) issued two documeetsirsg

out minimum levels of efficiency to incandescemhpe®. Until 2010, according to the MME Department ofefgy

Planning, about 300 million incandescent lamps wsaiel every year in Brazil, and they would be gedju
replaced by more efficient lamps, like CFL (compiwbrescent lamp), tubular fluorescent lamps, aioor even
LED.

In addition to the political aspects and businesgetbpment for the LED products, Brazil has advdnicethe
definition of technical requirements to promoteajee safety and quality for LED products tradedhi& country.
In this context, it is worth mentioning the pubtioa by Inmetro of two Technical Regulations on @ugTRQ).
The first is "LED lamps with integrated control bdsdevice” (Inmetro, 2014) and the second is déelic#o
"LED-Lighting Public Road" (Inmetro, 2017), both thvithe goal of establishing the technical requinei®iesuch
products must comply with, aiming at promoting gyezfficiency and safety.

In order to comply with the technical requiremesesggablished at the above mentioned documents, tstsehave
to be performed by a reliable laboratory, as fostance: power, dielectric strength, insulation stasice,
photometric characteristics, light intensity; thairests, durability test, resistance to ultravioseliation.

The basis for meeting these requirements occuosighr advances in metrology. So, Inmetro works ia taain
axes: 1) measuring the colorimetric and photomedraperties of LED fixtures mounted; and 2) studyihe
colorimetric, photometric, electrical and thermedgerties of LED, aimed at assembling a system etfatogical
characterization. In this context, the optical mketgy applied to LED plays a fundamental role aritl e the
main focus of our analysis.

®In 2001 and 2002 Brazil experienced an energyscuigiich particularly affected the Southeast andviist. In the words of
Ali (2009, p. 189) "The 2001 rationing was the léghever recorded in Brazilian electricity sectmly having similar events
associated with wars or natural disasters. His @npas so strong in the collective unconscious tiheér failures in other
sectors also began to be called 'blackout'.”

®For more information see: http://www.mme.gov.brigments/10584/904396/Portaria_interminestral+100F3tlel 2-
2010+Publicado+no+DOU+de+06-01-2011/d94edaad-5688-4002-f3ebe91d51d1?version=1.1and
http://www.mme.gov.br/documents/10584/1139097/Rerténterministerial_nx_1008 2010.pdf/e6cab7ch-faa&9-9ce9-
8a6028718759.



The objective of this case study, as explained reefis to shed some light to the important roleygth by
metrology in supporting the Brazilian LED industegpecially in terms of market access and fair eitipn. For
that, an evaluation of how the activities carriad by Inmetro impact the sector, with regard to thetrology
applied to the LED industry is offered.

Inmetro's Division of Optical Metrology (Diopt) derms measurements in LED fixtures providing measwents
of the quantity "luminous flux", information on ¢igution and on the optical yield curves, as vaslguarantees
the traceability of measurements of luminous intgnEor that, a goniophotometry system was sahi2002 with
the purchase of equipment from Germany for abou B@),000. Besides this amount, it was necessapdage
into investment for its set-up, which then becarperational in 2004.

At the beginning there was no specific demand feasarement services concerning LED, situation dindyt
changed after 2006 - especially with the rise imaled for services in LED fixtures. To meet this nearket, the
existing infrastructure began to be used and, the¥eno additional investment had to be made. &ebers and
technicians from the laboratory based their workirdarnational standards for introducing methodmegelated
to measurements in LED products.

From 2009 onwards, this demand for conducting phetdc measurement services became more exprdssive
LED technologies: it is estimated that today, aftex growth exhibited in recent years, measurement€£D
products take more than 50% of the operating tifteoequipment.

Regarding research activities about measuremendisaded to LED technology, it must be pointed dat tthere
are still other initiatives aiming at advancingtiire measurement of the colorimetric and photomeniperties of
LED lamps and at studying its properties. It is ampnt to highlight that several studies had beewlemby the
team, so Inmetro is able to provide the servicasttie industry needs now and will require in teamfuture. The
perspective is that the demand for services of [dhsratory will increase considerably in the upommyears,
especially after the publication of the TechnicabRlations of Quality by Inmetro.

3.2 - Case study

In 2013, Inmetro applied a survey to firms of tHeD_sector in Brazil, with the main aim of identifig valuable
information that could assist in the contributionnaetrology to the referred sector. 140 firms warapped, to
whom a questionnaire was sent. 41 firms returnedilied form.

The majority of companies surveyed are concentrate8ao Paulo State. This information illustratesla@se
situation to a scenario presented by another swwagucted by Abilukin 2005, in which 58% of 604 companies
analyzed were located in the Greater S&o Paulo.

The survey shows that Brazilian lighting industrgshbeen highly dependent on imported parts anghfai
products from other countries. Other researchessklew that, for the lighting industry as a whaies necessary
to import components from abroad. And in the deweient of LED productst is not different either. Among the
companies that participated in this study, none M&B producer, including die These data indicate that none of
companies develop LED in Brazil: only six companmeduce LED, although they imported dies, the main
component of LED. The majority of companies (30y$uUED abroad (complete, singly or in modules) asds it

to manufacture its products. Besides, five commasad they do not work with LED and, so, these mames
have not answered other questions in the survey.

In relation of size of these companies, 44% of sagents are formed by micro and small companieditiaally,
there is a relatively equal distribution betweenges of revenues established and it became almpsissible to
say anything about the structure of the lightingketadue to the scope of this study. However, Abtduesearch

"Research on the technological stage of the lightimlyistry was conducted in 2005 by Abilux, Sindilard Sebrae/SP.
Available at: http://www.abilux.com.br/pdf/diagnast. pdf.

8_ED products are those produced using LED in aniysafomponents.

°LED die is a chip where light generation takes elathis chip needs to be encapsulated and eldbtricennected for

provide means to dissipate heat and to direct.lighis whole assembly is called LED package. Téighe form in which the
LED is used in practice to elaborate products likeexample, light fixtures.



conducted in 2005 indicated a predominance of miar@ small enterprises — about 40% of total
(LEVANTAMENTO, 2005)".

To estimate the size of the market for LED produet8razil (especially on the supply side), firmgne asked
about the participation of these products in thetal sales. In most companies, LED products havewa
representation in relation to total revenue. Forc@impanies (75% of respondents), the revenuesnaiotdrom
LED products represent less than 25% of its tadssand only 8 companies (22%) work more intehgiweth
LED (revenues over 50%).The average percentagarafa revenue with these products is around 2%-.8Phis
overview indicates that LED technology still hasajrpotential to be explored. Lastly, to understamg Brazilian
companies see this opportunity interviewees wereedasto estimate their revenues with sales of LED
products/components in the next 5 years. In averdgse firms intend to increase their revenues fsales of
LED products/components up to 26 percentage poirgsthe next five yeals

About business outlook with products and componewits LED technology, the large majority (97%, o6 3
companies) reported they have plans to launch riel products or improve those currently in use. Buigports
the companies' intention to increase the sharevanues from LED products/components in total sales

Through the data collected on the lighting marlkeil the survey conducted with the companies froenLthD
sector, it was found that the share of revenueaimdd from this technology in their total revensesiill smalf®,
and that on their majority import the main compdsefor the production of LED. Generally, those camies
aimed, at that time, at increasing the participatbLED products in their total sales and indidétiee intention to
introduce new products in the following five yeasich intention is confirmed through the informatitat in
2012, most of these companies spent on B&Dd on training of labor force higher levels tlihe percentage of
the manufacturing industry (Pintec 2011).

The information gathered made it possible to geiwkadge about some aspects of the LED industry sisch
demands for testing services of LED products/corepts) suppliers of these services, costs of sualices, as
well as their related benefits.

The result of this study shows that most companéesgnize that improvements in metrological fieled sor
technical regulations may increase their revenédesl, as indicated, these improvements would avaithiv
competition with products of low quality, or whiclo not meet the requirements of existing standandsddition
to increasing the acceptance and credibility inntiaeket.

However, with regard to such benefits, it was nosgible to quantify them satisfactorily, becauséy dwo
companies were able to quantify this benefit in aetary terms and the others just qualified this bergich as
those mentioned in the paragraph above.

With the aim of quantifying these benefits througbost-benefit analysis, at the time of applicatbthe referred
survey the social cost related to photometric sessziwas calculated. It should be noted that thédyars was
restricted to measurement services provided by #dieratory of Radiometry and Photometry (Larafjrofhetro,
since other laboratories had a very small demanddivices related to LED technology.

% the Abilux's research, 17% of 604 companiesriiggved not answered the question about averageahanevenues. Also
this research, firms that received until R$ 2.13Bion were classified as micro and small entergsisthose that received
between R$ 2.133 million to R$ 10 million were clified like middle enterprises; and those big congs were those that
obtained more than R$ 10 million of annual revenues

“This number represents approximately R$ 4.17 millio

2Bearing in mind that the average percentage of @mewenues with LED products/components represzh®% currently,
this number could represent up to 47.8% of revémeyears.

®*The average percentage of annual sales with theseqts was around 21.8% in 2012.

“Among the 36 participants from the LED sector, 28%) companies responded that they perform some B&Dity and
10 (28%) stated that they dont. Comparing withdata of Pintec 2011, it can be seen that this munsifar above the reality
of the manufacturing industry, where 24% of companperform some R&D activity, and also of the irndu$ocused on
manufacturing of electronic components, includihgse that manufacture diodes emitters (LEDs), whieeenumber was
39%.



At first, the social cost that corresponds to thkig of the service was calculated, consideringfiEortunity cost
of capitat® and the amount of salaries consistent with thellef/qualification required by Inmetro to perfosuch
activities.

In order to calculate the social cost of photomegices applied to LED luminaries, the use ofrigh/hour of
two technicians (8 men/hour each) and 1 men/houa efipervisor were considered, being the timeibligad
between the measurement of photometry itself (usirg goniophotometer), the analysis of results Hred
preparation of the report. The proportional valfi@ salary of R$ 5,000 for mid-level technical d&$l 15,000 for
the supervisor with recognized experience (seni@$ also considered in this analisys. In additidinect and
indirect production costs were computed. In ordecdlculate the depreciation of equipment (gonitpimeter), a
useful lifetime of 10 years and an approximate ob&1S$ 500,008 were estimated. Given these values, the social
cost of photometry services applied to LED lumieanvas R$ 4,110.38 in 2016.

In general, the social cost is always higher thengrice charged, as in the case of Inmetro forpti@ometric
service. According to information from the Operatib Support Department in Scientific Industrial kbdbgy
(Samci) of Inmetro, the amount charged by the nreasent service to public fixtures is R$ 1,260.00¢ &S
750.00 to indoor lamp. Despite being the same serand spending, on average, the same amount of,ltbe
amounts charged by type of lamp are different, filgmg manufacturers of indoor lighting fixtureshieh typically
are small-sized companies. In addition, the Inmeti@boratory performs measurement services foltyaisaand
development of luminaries, whose value (R$ 560i9@harged for every 4 hours of service. From 20d%ards,
these values were adjusted, though remained uhéeotial cost calculated in 2016 (R$ 4,110.3&) nw values
were calculated as such: R$ 2,000.00 for photomitvgplving public luminaries, R$ 1,200.00 for indoo
luminaries and R$ 900.00 for the service of meaguior analysis and development of luminaries.

Comparing the social cost with the values descrideave, it is possible to observe that the prigagtor had an
"appropriated" benefit. To estimate the value @$ thenefit, the amount of services provided by itistitution
between 2008 and 2016 was calculated, related © teehnology. It has been identified in that pertbdt 91
services were offeréffor LED photometry, both public as fixtures forddor and photometry measurement
related to the analysis and development of fixturdsich provided Inmetro a total revenue of R$ 890,00
(Table 1).

Table 1 - Revenue from services offered by Inmetr(2008-2016)

Services Quantity Total Revenue (R$)
Public luminaries 103 luminaries LED 140,140.00
Indoor Luminaries 56 luminaries LED 45,150.00
Measurement for analysis and development 55 periods 37,600.00
TOTAL (R$) 222,890.00

Source: SAMCI. Internal elaboration.

In the measurement service for analysis and dereop a unit value for a period of 4 hours was aersd, i.e.,
in the last nine years Inmetro held 55 periods bbdrs related to that service. For the servicphmftometry of
public and indoor fixtures the amount of fixtureasaconsidered.

Thus, between 2008 to 2016, the amount earnedrbgtin with these services was R$ 222,890.00, buanittro
had charged for these services the value of thielsmust previously calculated, the revenue ofltistitute during
the period considered would have been about R$58667 value three times higher than the one éffdyt
earned® (Table 2).

*The rate of return to capital in the economy thaild be invested with no risk. Typically, the fe® the opportunity cost
used in Brazil is 6% per year.

'®Considering the exchange rate in 30/12/2016 (US$R$ 3.25), the value of the equipment expresséteamls was R$
1,625,000.00. The equipment worklife (10 years)veoted into hours of operation summarized 20,16@$)dndicating that
the amount of depreciation per hour of operatiothefgoniophotometer is R$ 80.61.

Y"Each service involved one or more lamps, or onaane measurement periods for analysis and developme

¥n terms of CBA, this number represents that tlxeape sector was benefited in value 3.44 highen they invested on.



Table 2 - Revenue with the services provided by Inatro considering the value of the social cost (202816)

Services Quantity Social cost (R$)| Total Revenue (R$)

Public luminaries 103 luminaries LED 4,110.38 423,369.14

Indoor Luminaries 56 luminaries LED 4,110.38 230,181.28

g"easureme”t for analysis and 55 periods 2,055.19 113,035.45
evelopment

TOTAL (R$) 766,585.87

Source: SAMCI. Internal elaboration
The amount of R$ 543,695.87 that corresponds tdlifference between revenue forecasted considénmgocial
value and the revenue effectively earned, in a way be considered an incentive for producersallegs of LED
fixtures. Besides, the services offered by Inmatroid that firms engage into high investments tibddbine proper
infrastructure to set-up a similar laboratory obfgmetry.

On the other side, so that Inmetro complies withrbie as a reference metrology institute a sefigésvestments
had to be made, using public resources.

In this particular case, such investments beconpmitant since it is desirable to strengthen thhitiligy industry,
enabling it to compete and meet the requirementzadded by national and international market. Moegpthis
incentive corroborates the social importance oflipdighting, which plays a fundamental role in theality of life
and safety of cities.

4. Final remarks

The result of this study shows that most comparéesgnize that improvements in the metrologicdtfi@nd/or
technical regulations may increase their revendesl, as indicated, these improvements would avaithiv
competition with products of low quality, or whiclo not meet the requirements of existing standandaddition
to increasing the acceptance and credibility inntiaeket.

In Brazil, the companies of the lighting industelyr on the expertise of Inmetro for the executidrtests and
measurement services for the development of lunigiaThe offer of such services avoids that conmgmni
especially small and medium-sized, spend signifiemmounts on equipment installation, as those destmvhile
calculating the cost of metrological services, wihi¢so requires specialized staff and infrastrctur

Moreover, Inmetro, since its foundation, has bé&enréference Metrology Institute for the countrd atmerefore, a
series of investments have been made with funas &igil society so the Institute would be capalfiéudfilling its
functions. Just with the acquisition of the goniofgmeter, for example, Inmetro invested around B&000.

In this sense, the payment made by companies ¢athnér services of photometry performed by Inmdiedyween
2008 and 2016, provided revenues of R$ 222,89@ 0B Institute. The difference between the amagttally
charged by Inmetro for the supply of photometrwigeis and the amount taking into account the samat of
services has been appropriated by the private rséR® 543,695.87). Furthermore, it is noteworthgtthad the
investment been held by the private sector, theogpjated benefits probably would not be as equdiltyributed
among the various market participants.

This practice has often been used for a numbeowdtcies to support the growth of local industrgnBlli (2006)
points out that, in recent years, there have bemn ideas and explanations for the development psodeat
focuses on structural change in the center, emgpihgdivo main aspects: diversification of the prctilte structure
(and exports) and technological innovation (or, engenerally, the accumulation of knowledge). Irs ttdntext,
industrial or competitiveness policies also caltagtroeconomic interventions' have been shown velgvant.

The situation of the lighting industry in Brazintés to be aggravated after a government decfsioitiated from
June 38 2013 onwards, a banning on the production and itigfancandescent larger power lamps which will be
concluded on June 802017, when the lower power lamps will have tdhaned as well. Thus, national lighting
industry that predominantly manufactured incandasbelbs, need to reposition themselves in this nemtext,
especially regarding LED technology.

¥Ministerial Decree No. 1007 of Decembef"32010.



For this, the role of technological innovation Wik a key factor. The fact that companies, thdigiaated in the
mentioned study in 2013, have made efforts towacteasing the participation of LED products in thetal sales,
expecting to introduce new products in the nex¢ fpears, in addition to invest in R&D and laborcetraining
above the average of the manufacturing industrpraig to data from Pintec 2011, are clear sigrad the
industry has worked out in order not to miss thedsiv of opportunity.

The literature also shows that innovation has p@siimpacts on exports, and hence on the growtfirofs,
therefore on countries. De Negri and Salerno (24fil BONELLI, 2006) point out that:

0] Technological innovation and spending on R&Bremses the chances of the company to enter the
international market and increases the volume pbex of innovating firms, besides being more rafgv
exactly on the most dynamic markets in world traddjch are the more technologically advanced
products— as is the case of products based on e&inblogy;

(i) Innovative Companies offer jobs of better dya(higher wages and greater residence time worker
employment);

(i)  Technological innovation allows obtaining fitomargins greater than those of non-innovative
firm’s profit. These margins are translated inte gossibility of selling the same products at higbréeces

to its competitors;

(iv) Innovative companies have grown, both in temhigevenues and employment, a situation that
contradicts common sense.

Thus, this study showed the role Inmetro has playeipporting Brazilian lighting industry througe supply of
metrological quality services, especially focused IOED technology. It is worth highlighting that duc
performance is aligned with the core mission of lingitute, to provide confidence to the Brazilisociety in

measurements and products, promoting innovatiorcantgpetitiveness.

For all that, Inmetro aligns to the major globaltralgy institutes, as a key agency for Braziliandvation and
competitiveness, an institution of scientific aedtnological expression, where knowledge has beersotidated
as a consistent link to facilitate interaction betw scientific and technological development argln@ss sector,
which is fundamental to the rise of innovations.
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