Market study

Glass industry and
research in Brazil

Brazil is the

Jifth largest country in the world, with a total area of

8,547,404 km*. Its 170,000,000 inhabitants (IBGE? -2000)
represent an average population density of about 2020

his population is
unevenly distributed, the
density varying from 1
inhabitant/km? in some

: of the northern states Lo
140 inhabitants/km? in the state of
Sao Paulo. Intersected by both the
Equator and the tropic of Capricorn,
Brazil is located between the +5 and
=33 latitudes and has equatorial,
tropical, sub-tropical and temperate
climatic zones.

Considering recent GNP levels,
Brazil ranks as the world's eighth
largest economy. This country, the
largest in South America, responded
quickly and decisively to the Asian
financial crisis in October 1997,
which brought strong pressure to
bear on the domestic currency.
These actions included a near dou-
bling of interest rates, maintenance
of an exchange rate policy in the
face of large capital outAows, and
Congresssional approval of a fiscal
package aimed at saving US$18 bil-
lion in 1998, 2.5% of GDP. Financial
markets responded positively 1o
these measures, and capital inflows -
including direct investment -
increased strongly. By March 1998,
international reserves had recovered
to their pre-crisis level of US$62 bil-
lion, Imports to Brazil are increasing
in response to lower tariffs and gen-
erally freer markets, and are now
composed ol a wide variety of indus-
trial, agricultural and consumer
goods. Trade deficit for the four
month period January-April 1998
stood at US$2 billion.

This recent economic stabilization
and growth has attracted foreign
investments, and several manufactur-
ers have opened new plants. These
include car manufacturers such as
the Japanese Compary Honda, the
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French com-
panies
Peugeot and
Renault and
Matra, and
the German
manulacturer
Volkswagen,
All these com-
panies cer-
tainly require
the participa-
tion of the
glass industry.
The construc-
tion industry
is also growing
considerably
and the pro-
duction and
sales of flat
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booming,

Historical Overview

Phe glass industry started in Brazil
in the 19th century. In 1822, several
small companies began the “manu-
facturing of lead crystal glass, large
and small bottles and flasks at the
same prices as those practiced at the
Court of London™, Some ol these
companies closed and later
reopened under different names. On
the occasion of the 1861 exhibition,
there were factories operating in Rio
de Janeiro, Sdo Paulo and Bahia.
However, the glass industry in Brazil
was only consolidated in 1895, with
the foundation of the Prado &

Jordao company, which was the

embryo of the Santa Marina plate
glass manutacturer. founded in the
following year. Santa Marina became
a corporation in 1903, when it was
renamed Vidraria Santa Marina (now
Saint Gobain).

After Santa Marina, other compa-
nies were founded, such as the
Industrial Company Sio Paulo and
Rio (Cisper) m 1916, and Nadir
Figueiredo in 1935. The Brazilian
glass industry today comprises 74
companies, which can be divided
into three groups: handmade glass
manufacturers (43), automatic glass
manufacturers (19) and transforma-
tion glass manufacturers (12). The
products of these companies include
plate glass, containers. table and
house ware, fiberglass, technical glass
and lead crystal glass. The most
recent addition 1o the glass industry
in Brazil, was the installation of the
american Guardian, a float glass
manufacturer, in the state of Rio de

Janeiro in 1998, It has also recentlv

been announced thar Brazil will
house the first aevonautical glass fac-
tory in Latin America, built specifi-
cally to equip Embraer aircralt’. Fig
1 shows the current geographical
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distribution of Brazil's glass manu-
facturers. This distribution is marked
by a concentration of these compa-
nies in Brazil's southeast. which
houses 81,2% of the country's glass
manufacturers, followed by the
northeast with 12,5% and the soutl
with 6,3%.

Analysis of the glass sector
in Brazil's indus

A remarkable growth in Bm.zil‘s glass
industry has occurred in recent

years, All four segments of the indus-
try, ie, container glass, plate glass.
tableware and technical glass, have
participated in this development.

The French group Saint Gobain,
leads this industrial segment, pro-
ducing tableware and container g]dss
as well as plate and glass fibre at its
different units, particularly at its
Santa Marina plant.

The second largest prr)duLel
Cisper Indistria e Comércio, pro-
duces containers and tableware and
belongs to the North American
group Owens-Tllinois. Ranking in
third and fourth place are € Vi iv, in
Brazil's northeast, and Nadir
Figueiredo in the state of Sao Paulo,
which also produce containers and
tableware. Nadir Figueiredo is the
largest Brazilian company in the
glass sector.

The glass container manufacturers
constitute the largest part of the
glass sector, with a capacity of
approximately 1,521,000 tons/year
(2000). Most of these companies are
cither large or medium sized and use
automated production processes.
However, small companies of the
sector producing lower quality prod-
ucts often use semiautomatic or man-
ual processes.

The automated container glass
manufacturers are located in the

A Heavy investments have taken place.

states ol Pernambuco, Bahia, Rio de

Janeiro, Rio Grande do Sul and Sao

Paulo, although 58% of the national
production is concentrated in the
state ol Sao Paulo.

Cisper and Santa Marina represent
almost 50% of the container glass
marker. These two major manufac-
turers also control the third largest
company, Rimisa, through a joint
venture. Cisper, the largest in terms
of installed capacity, holds 24,4% of
the market shave, [ollowed by Santa
Marina with 22,6%, Rimisa with
13.4%, CTV with 10,7% and Wheaton
with 8.8%.

The main sectors that consume
glass containers are that of bever-
ages, representing 39% of units con-
sumed, followed by food (25%) and
non-foods (36%). 'I'he latter segment
includes personal hygiene, beauty
and pharmaceutical products,
among others. The market demand
for glass containers in 1999 repre-
sented 15% ol the total market
demand for packaging, which
amounted 1o 5,456 million tons.

I'he plate glass sector uses exclu-
sively automated processes. In 1997,
(ebrace (Brazilian Crystal Company)
was the only plate-glass manufac-
turer employing floating processes.
This company operates two manu-
facturing units and is controlled by a

Jjoint-venture between Saint Gobain

and Pilkington. After the installation
of Guardian, the installed capacity of
this segment grew from 500,000
(1997) to 800,000 tons/year (2000),

~ Table I. Installed capacity of Brazil's glass industry {1000 tons) and (% of total)".

Container 1048 1497 1mer | 1m0 | 46
(49.5%) {53.9%) (52.7%) I
Plate: P 550 800 800 55— 455
| (26.0%) (28:3%) (28.2%) ,
Tablewsare | 305 305 N e == ]S B
(14.4% (10:8%) {11.2%) {11.3%)
Technical sl TR R R 225 29— a3
(10:3%) | (10:1%) {7.8%) (7.9%] 2%
Total 2118 | 2n8 2823 2840 2883 36.1
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Santa Marina stopped producing flat
plate glass. although it still produces
pr lmcd plate glass at its industrial
unit in Sao Vicente. Another com-
pany, Uniao Brasileira de Vidros,
located in Sdo Paulo, also produces
printed plate glass.

According to the sector’s estimates;
the construction indusery, which uses
55% of the country’s total production
(particularly of tempered glass), is
the largest consumer of flat plate
glass, followed by the automative
industry (laminated) — 25% and mir-
ror manulacturers — 13%, with the
remaining 7% distributed among the
other sectors, Printed glass, which
falls within the market segment of
raw materiils for the construction
industry, is used for specific pur-
poses such as the production of win-
dow glass with an opaque side.

The household glass segnient,
which involves the manulacture of
decorative objects and householed
utensils such as rableware, glassware.

Jjugs, etc, is divided into two large

markets: housewares and lead crys-
tal glass.

Most of Brazil's small manufactur-
ers operate in the tableware seg-
ment, using almost exclusively
manual processes. Some medium
sized companies also use such
Processes.

The automated tableware manu-
lacturers have an installed capacity
of approximately 327,000 tons/year
(2000)) and are concentrated in the
states ol Rio de Janeiro and Sao
Paulo, with 74% of the production
capacity owned by the latter.
Altheugh some of the companies in
this sector include the term “crystal”
in their names or use it to describe
their products to differentiate them
from “common glass”, this terminol-
ogy does not always correspond 1o
the definition given in the interna-
tional technical norms for lead crys-
tal glass.

The production of glass fibre
began in the 70's with Fiberglas
Fibras, a subsidiary of the Owens-
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Corning group. This industrial seg-
ment is made up of four automated
companies. (Fiberglas, Santa Marina,
Eucatex and Vitrotex), all located in
the state of Sdo Paulo. Glass fibre
today is considered “technical glass™
and its production is included in the
statistics on special glasses.

The technical glass segment
involves the glass fabrication pro-
duction of special compositions,
including glass for TV screens,
electric bulbs glass fibre and drink-
ing glasses. This segment also
includes the production of optical
fibers, ophthalmic glasses. insulat-
ing glass blocks for civil construc-
tion and others.

Brazil's (nominal) production
capacity of around 235,000 tons/year
(2000) of several types of technical
glass is insufficient to supply the
domestic market, Regardless of a
company’s size, technical glass is usu-
ally produced by automatic
processes. Manual processes only in
low production volumes that do not
justify investments in costly equip-
ment. The manufacturers of rechni-
cal glass are located mostly in
Pernambuco, Rio de Janeiro, Minas
Gerais and Sao Paulo, with 43.4% of
the installed capacity concentrated in
the state of Sdo Paulo,

Abividro

Founded in April 1962, the
Automated Glass Manufacturers’
Technical Association (ABIVIDRO) is
an organization of 29 automated
manufacturers from the segments ol
plate glass, plate glass transforma-
tion, tableware, glass containers,
technical and glass fibre, whose pur-
pose is to foment the ongoing
improvement of this industrial activ-
ity and to represent the common
interests of its members.

During the period of of 1996 to
2000, Abividro recorded a a 15,6%
growth of the gross revenue of the
glass sector. The production volume
showed a a 25.09% increase over the
same period, although the indus-
try's full production capacity has not
yet been reached. Heavy invest-
menis were made in the flar glass
segment in 1997 with the establish-
ment of the Guardian plant, and the
glass containers segment has also
received substantial investments in
recent years.
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1999 2000 | Growth over
= || theperiod [%)
Container 690 670 613 891 171 1.7
(33.5%) | (31.9%) (30.0%) (31.1%) (32.4%)
Plate 530 | 550 518 554 600 13.2
(25.7%) | (26.2%) (25.3%) (25.0%) (25.2%)
Tableware 353 355 359 368 389 102
(17.1%) | (18.9%) (17.5%) (16.5%) (16.3%)
Technical 489 524 556 BID 618 26,4
(23.7%) | (25.0%) (27.2%) {27.4%) (26.0%)
Total 2062 | 2099 2046 2223 2378 153

a Tabhle ll. Gross sales for the sector (in R$ millions)*.

This volume of mvestments is a
strong indication of the sector’s con-
cern regarding the implementation
of new technologies and the need for
improvements of its products to
increase their competitiveness in
international markets. In the glass
container segment, these invest-
ments reveal the efforts that are
being made to meet the growing
demand for lighter and more resis-
tant glass containers. The tableware
segment seeks to modernize its prod-
uct lines to align them with the mar-
ket's new technological levels.

Fnreigtn trade:
imports/exports

Another positive [actor in Brazil's
trade balance, is that, since 1999, the
glass sector has experienced a signifi-
cant growth in volume of glass
exports and a drop in the volume of
imported glass. Hence, in the last
three years, Brazil has exported, more
glass than it imports. This fact is
reflected both in the volume of
exports in tons and the mix of
devicesgoods exported. The main
countries to which Brazil exports glass
are Argentina, the USA and Spain.

A calculation of the apparent con-
sumption of glass (total production -
exports + imports) divided by the
number of inhabitants reveals that
Brazil's per capila consumption in
2000 wass 3.8kg /per capita. which is
low compared to that of European
countries (30-50kg /per capita) or to
the world’s largest glass consumer -
France, with 65.4kg /per capita.

Glass research and _
development in Brazil

The exact place and date is uncer-
tain, but glass research in Brazil is
believed ro have begun at the

Institute of Physics of the Campinas
State University (UNICAMP) and at
the University of Sao Paulo (USP) in
Sao Carlos in the early seventies.
The research group of the Vitreous
Materials Laboratory (LaMaV) at the
Federal University of Sao Carlos
(UFSCar), to which the authors of
this document article are associated,
was formed in January 1977.

There are now several groups
focusing on scientific or technologi-
cal research on glass in Brazil, These
groups are still concentrated at fed-
eral and state universities and at a
few research institutes. The research
areas cover a wide range from
domestic products for containers to
special glasses, such as bio-glasses
and optical fibers.

Data for 2001 are not available,
but there are other glass research
groups, for instance, at the
Universidade Federal do Ceard,
Universidade Estadual de Maringa,
Universidade Federal do Parani,
CEEET, etc.

The research infrastructure of
most of these groups is generally
quite good. In general. since they are
part of physics. chemistry or materi-
als engineering departments that
haye laboratories for the sample
preparation and structural character-
ization of samples, microstructural
characterization (optical microscopy,
etc.) and property analyses (DTA,
DSC, dilatometry, viscosity, mechani-
cal properties, etc). An important
facility is the Sincrotron National
Laboratory (LNLS) inaugurated in
1997, which has facilities for
DRXRD, EXAFS, SAXS, UV
Spectroscopy, High Resolution
Electron Microscopy.

The impact of the scientific
research of these groups in reaching
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new discoveries at a worldwide level
is illustrated by the fact that, between
January 1995 and July December
2001, the Brazilian groups were
responsible for approximately
14.54% of all the papers published in
the “Journal of Non-Crystalline
Solids™ and for 2.0% of the papers
published in *Physics and Chemistry
of Glasses™, two of the most presti-
gious scientific periadicals on

glasses, Compared to this figure, for
example, we can state that Brazil's
overall scientific research is responsi-
ble for only 1.5% of the worldwide
publications listed by the ISI
(Institute of Scientific Information).

The situation is even worse at a
higher technological level, ie, these
glass research groups have filed
fewer than a dozen patents in the last
twenty yvears. Their interaction with
industries has been modest and has
focused almost exclusively on analyt-
ical services and rechnical reports.

There are already more than 22
PhDs and several MScs specialized in
glass in Brazil, This number is incon-
testable if one includes several fac-
ulty members and post-docs who
graduated from foreign universities.
It should be noted that approxi-
mately 30 PhDs and 20 MSc’s level
students were working of their theses
and dissertations in December 1995,

The regrettable tact is that,
although a few of these professionals
have been hired by universities and
research institutes and others con-
tinue doing post-dactoral work, none
of them has been hired by the indus-
try! To reinforce this thesis, a recent
survey (Dec. 1998) revealed that, of
the 98 MScs who received their
degrees from UFSCar in the area of
ceramic materials engineering, only
2 were hired by the industry after
receiving their degree. Moreover, of
the 250 materials engineers special-
izing in ceramics who graduated
from UFSCar between 1974 and
1997, only 45 are currently working
in the glass industry.

An analysis of this information
raises the following question: Why
should universities produce glass
specialists? Our current proposal is
to train engineers and researchers
with a wide scientific base, who can
later specialize in glasses (or in any
other area) through updating or
refresher courses, or even at a MSc
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or PhD level, only alter they are
recruited by some glass manufac-
turer. Their theses or dissertations
could be designed to meet the
interests of their employers without,
of course, neglecting the educa-
tional aspects.

The Vitreous Materials Laboratory
(LaMaV) of the Department of
Materials Engineering (DEMa),
Federal University of Sio Carlos
(UFSCar) was founded in 1977,
headed by its current co-ordinator
(Professor E D Zanotto). At the time
this article was written (January
2002), the group was composed of
the following researchers:

3 Lecturers? Faculty, PhD, 2 Post-
Doctaral dDoctoral researchers, 6 5
Ph.D. students, 1 2 M.Sc. Students, 4
5 undergraduate Engineering
StudentsTrainees, 1 Technician. The
construction of a new 530m* build-
ing containing up-to-date facilities
for glass melting, preparation and
characterization is underway.

Most of the research concentrates
on crystallization, in which the
group has an international reputa-
tion, although it also encompasses
the study of mechanical, electrical,
biological and rheological proper-
ties. The work method of LaMaV
members is to melt and prepare
their own samples (whenever possi-
ble), characterizing them with their
own specialized technical equipment
(eg, viscosity, DSC, dilatomerry,
refractive index, and optical
microscopy, etc) and completing the
characterization using either the
equipment available at DEMa
(DRXXRD, TR, UVV, NMR, ESCA /
Auger, HAS, WITHOU'T, DTA,
chemical, electrical & DSC, dilatom-
etry, mechanical properties, etc.) or
the Sincrotron Light National
Laboratory (LNLS), which has facili-
ties for DRXXRD,, EXAFS, SAXS
and other X-ray techniques.

Conclusions

The volume of glass production in
Brazil is significant, with a large
number of industrial plants showing
annual gross sales of over USS1.5
billion. The number of groups
devoted to glass research is also
notable. However, there is hardly
any interaction between universities
and glass industry’s research centres
in the glass sector in Brazil. The

analogous sectors ol ceramics, melal-
lurgy and polymers, for instance,
that comprise mostly Brazilian man-
ufacturers, interact much more
closely with the local universities.
Thus, the development of a truly
national glass technology is still far
from adequate.

Most of the glass companies oper-
ate with foreign capital and maintain
research centers in their countries of
origin. That is probably the reason
for the lukewarm interaction
between companies and university
research groups in Brazil.

Despite the fact that most of the
academic research groups began
their activities less than ten years
ago, their productivity, which is eval-
uated by the number of Ph.D. the-
ses, Master's dissertations and
publications produced, has been
growing considerably. Today, these
groups are responsible for 4.3 1.5-
2.0% of all the scientific articles pub-
lished in the most renowned

international journals. m
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