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Introduction
The chapter focuses on measurements and determinants of local sustainability in

the  Piracicaba  river  basin  in  Brazil.  In  particular,  we  investigate  industrial  stress,
economic  performance and local environmental  governance as the main drivers in
achieving or preventing this sustainability.

The investigations and measurements  of the main drivers of local sustainability
have a significant impact on industrial transformation research, as it helps to identify
the local patterns of economic activities, environmental burdens and governance. It
can also provide local stakeholders with tools to identify critical trends and institutio-
nal and political barriers that affect local efforts to promote industrial transformation.

Our aim is to apply and test methodologies that measure the different dimensions
of the sustainability, facing the challenges of aggregating and producing comparable
data from many different sources, produced at different scales, collected at different
periods and which vary in coverage. In this perspective, this chapter can be seen as
part of a broader effort to provide better quality data and statistical analyses for local
environmental  decision-making.  Quality data is  crucial  to industrial  transformation.
Despite the increasing efforts towards industrial transformation, the understanding of
the relationships  between society,  economic  activities  and the environment  usually
rely on very little information. The provision of firm and reliable information to sup-
port decision-making has been a major challenge for a good assessment of the efforts
to reduce environmental burdens coming from economic activities. 

Piracicaba Basin has been chosen for the numerous possibilities it presents for the
analysis and study of sustainability drivers. The Basin has a large protected area within
Brazil's  Atlantic  Forest.  It  has the most  important  iron-steel industrial  complex in
Latin America, mining areas exploited both industrially and on small-scale basis, an
expanding Japanese-Brazilian cellulose industrial  complex, enormous areas of euca-
lyptus monoculture plantations, and a rapid growing urban system that includes major
regional urban centers. 
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The first part of the chapter seeks to track progress toward local sustainability in the
26 municipalities of the basin through the construction of a set of local sustainability
indexes. These indexes combine measures of environmental quality, human welfare,
institutional capacity and local governance, industrial stress,  urbanization stress and
agricultural stress. By comparing the performance of the 26 localities in each of these
different aspects of sustainability, we measure the degree of local sustainability in a
comprehensive  and synthetic  way.  The  sustainability  index set  also  allows  for  the
measurement of  the local governance driver. The results show a clear trade-off bet-
ween environmental quality and economic performance in the Piracicaba basin, indi-
cating an urgent need of industrial transformation.

The second part of the chapter attempts to measure the industrial stress driver
within  the  studied  area  according  to  different  methodologies.  We  measure  the
environmental  stress  posed  by  the  major  industrial  plants  in  the  area  through
modeling water effluents emission and water consumption. 

The concluding part of the chapter brings together data from the first and second
parts  to statistically investigate three major drivers  of environmental change at the
studied area: industrial stress, economic performance and local environmental gover-
nance. 

Piracicaba Basin: The Studied Area
The Piracicaba Basin was chosen as the study area due to the numerous possibili-

ties  it  presents  for  the  analysis  and  study  of  key  environmental  problems  and
sustainability drivers. 

The Piracicaba Basin has the most important iron-steel industrial complex in Latin
America with iron and gold mining areas, exploited both industrially (iron and gold)
and  on  small-scale  basis  (gold),  an  expanding  Japanese-Brazilian  pulp  industrial
complex, enormous areas of eucalyptus monoculture plantations, and a rapid growing
urban system that includes major regional urban centers. 

The Basin has a large protected area of Brazil's Atlantic Forest, the Parque Esta-
dual do Rio Doce - PERD, which is the biggest preserved rainforest area in Minas
Gerais State. PERD has 35.976 hectares and is the richest Brazilian Atlantic Forest
Park in both biodiversity and presence of endemic species (PAULA et all, 1997)   

In this way, the Piracicaba basin is a rich mosaic of environmental problems, con-
centrating on a relative small area (see figure 1) a highly significant mix of economic
activities  with a strong  potential  of  environmental  impact.  The rapid urbanization
process and the perspectives of expansion of the local industrial plants magnify the
scenario described above. 

Figure 1: Localization of study area
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The main urban center at Piracicaba Basin is the “Steel Valley”, a metropolitan re-
gion composed by 4 municipalities: Ipatinga, Timóteo, Coronel Fabriciano and San-
tana do Paraíso. Ipatinga and Timóteo are the industrial core of “Steel Valley”, hos-
ting two iron-stell plants - Usiminas and Acesita, respectively. Coronel Fabriciano is a
rapidly growing commercial center. Santana do Paraíso, the only municipality at the
“Steel Valley” with relevant rural activities, functions as a displacement area, receiving
industrial and urban solid waste for treatment and disposal.

João Monlevade and Itabira are also important urban centers; the former hosts an
iron-steel plant – Belgo Mineira – and the later hosts an important iron mining com-
plex – Companhia Vale do Rio Doce (the biggest mining company in Brazil). 

Caratinga and Nova Era are traditional commercial centers that hosts small-scale
industrial plants. Marliéria and Santa Bárbara have a large share of their area protected
for  environmental  reasons  (Parque  Estadual  do Rio  Doce and Parque  do Caraça,
respectively).  The  other  municipalities  are  small  towns  with  agriculture  activities,
mainly the monoculture of Eucaliptus to provide Cenibra, a pulp plant located near
the “Steel Valley”, with raw material.

Cenibra is one of the largest producers of short-fiber bleached Eucalyptus pulp in
Brazil. Founded on 1973 as a Brazil-Japan joint project, under the stock control of
Companhia Vale do Rio Doce (CVRD) – at that time a Brazilian Government owned
company  -  and  Japan  Brazil  Paper  and  Pulp  Resources  Development  Company
(JBP)1. In 2001, after the privatization of CVRD, JBP took the 100% ownership of
Cenibra. Cenibra is located in the county of Belo Oriente, near the “Steel Valley”. Its
annual output reaches 800 thousand tons. From this total, over 90% is directed to the
foreign  market,  serving  mainly  Japan,  Europe,  the  United States,  as  well  as  other
countries in Latin America and Asia.

Usiminas is one of the leading Brazilian steel companies, producing and commer-
cializing flat steel products, like heavy plates (low-carbon and low-alloy steels), hot-
rolled steels, cold-rolled steels and coated steels. Founded in 1962, the company was
controlled by Brazilian Federal  government  since 1991 when it  was privatized.  Its
annual output reaches 4,080,000 tons of steel. 

Acesita and Belgo Mineira are controlled by Arcelor,  an European steel-making
group with the world highest steel production. Acesita, the sole manufacturer of flat
stainless steels in South America, also produces carbon and micro-alloyed steels and
also silicon steels. Founded in 1944, it was owned by the Brazilian Federal Govern-
ment until its privatization in 1992. The present capacity is 850,000 tons of steel per
year. Belgo Mineira was founded in 1923. The present capacity is 1,200,000 tons of
steel per year. 

 

3. Tracking progress towards local sustainability 

This section seeks to track progress toward local sustainability in the 26 localities
of the Piracicaba basin through a set of sustainability indexes and indicators, which
combines measures of environmental quality, human wellbeing, local governance and
environmental stress. We use the indexes to compare the relative performance of the
26 localities in the different aspects of sustainability and measure the degree of local
sustainability in a comprehensive and synthetic way (BRAGA et all, 2003). 

1 JBP was is controlled by the Japanese companies Oji Paper Co., Itochu Corporation and
Japanese Bank for International Cooperation.
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The river is seen as a life witness of the environmental quality in its basin and as the
main methodological tool to integrate and compare information from multiple sources
under different methodologies and disciplinary approaches.

The index set combines 36 variables, rolled up into 14 indicators and 4 core inde-
xes:  the  Environmental  Quality  Index,  the  Human Wellbeing  Index the  Environ-
mental Stress Index and the Local Governance Index. The variables and indicators
were chosen  through an extensive  literature  review,  combined with assessment  of
available data and conclusions drawn from previous experiences of environmental in-
dex building. In particular, we draw inspiration from the sustainability matrix of the
“Biodiversity, Population and Economy” research project (PAULA et all, 1997) and
from the ESI - Environmental Sustainability Index (ENVIRONMENTAL, 2002).  

The indexes and indicators presented are a relative measure of local sustainability.
Due to the lack of scientific knowledge to specify precisely what levels of environ-
mental  quality  are  good  enough  to  be  sustainable,  we were  not  able  to  establish
benchmarks for all variables, which is why the index was built as a comparative mea-
sure between the municipalities at the studied area.

The Environmental Quality Index measure the quality of the environmental system
by taking the water quality at selected points at the Piracicaba River as a proxy of the
health of the local ecosystem. It includes both a biological index that measures the
diversity  of  fish  and  inland  water  plankton  and  a  physical-chemical  index  that
measures  parameters  as  dissolved  oxygen,  electrical  conductivity,  temperature,
suspended solids, phosphorous concentration, turbidity, among others. As the varia-
bles for  this  index, we used data produced by BARBOSA (1997)  and BARBOSA
(2002) through extensive field research at few points along Piracicaba River.  

The Human Wellbeing Index measures the life quality within the municipality re-
lating it to indicators of health, education, income, security and housing quality. The
Environmental Stress Index measures the burdens posed to the local environment by
industry, agriculture and urbanization. The Political Institutional Capacity Index mea-
sures local capacity to respond to sustainability challenges through the strength of its
institutions and the quality and accountability of its decision-making processes. The
variables  used in these indexes  were  calculated by  aggregating information  from a
wide  range  of  data  sources  as  the  Brazilian  Census  Bureau,  the  National  Health
Agency Database,  the Local  Governance  Database,  electricity  companies,  environ-
mental state agencies and local governments. 

The variables were chosen observing three main criteria: i) relevance - extent to
which the variable corresponds to the phenomenon; ii) meaning for local context -
extent  to  which  the  variable's  main  drive  remains  under  local  responsibility;  iii)
availability - coverage and recency of data. Proxies were applied when direct measures
of  the phenomenon were not  available.  We statistically  tested the set  of  variables,
through bivariate correlation and principal  component analyses.  At that point,  few
variables  were dropped out  of  the  indicators.  Table 1 show the variables  used to
compose the indicators and core indexes.

We make the variables comparable, by trimming the tails of the variable distribu-
tion and converting them to a standardized value (z-scores). We tested the theoretical
choices of the variables for each indicator through principal component analyses (we
find a value for the second component over 0.70 for all indicators). The indexes were
calculated by taking the unweighted average of the indicators converted from the z-
score scale to a standard normal percentile scale.

We calculated the indexes for year-base 1991 and for year-base 2000. The Human
Wellbeing Index and the Environmental Stress Index were built for the 26 munici-
palities for both year-base. The Political and Institutional Capacity Index was build for
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the 26 municipalities for 2000, but was not build for 1991 because of insufficient data.
The  Environmental  Quality  was  build  for  9  municipalities  in  1991  and  for  4
municipalities for 2000, according to data availability, as it depends on extensive field
research and collection and analyses of  water samples  at selected points  along the
river. 

Considering their key role on measuring the drivers of sustainability and identify-
ing relationships  that are crucial to industrial  transformation, we now have a close
look at the Environmental Stress Index and the local governance index. 

The Environmental  Stress Index measures the pressures posed on the environ-
ment by human activities, covering both pollution and exploitation. It ranks localities
at the studied area by the potential burden they pose on the adjoining environment,
focusing on pollution potential, speed of growth and degree of concentration of pol-
luting activities. 

Our aim with the Environmental Stress Index was to build a comprehensive and
sensible pressure index using publicly available data. In order to do so, we had to use
proxies to measure most of the indicators due to the lack of direct and reliable data on
pollution and exploitation levels for the whole basin. 

We took energy efficiency as a proxy for industrial stress. Consumption of energy
is (in many cases) the main source of atmospheric emissions from industry. We can
also  assume that  companies that  are more efficient  on the use of  energy also use
cleaner technologies. 

To measure agricultural stress we combined data on growth of agricultural land
with data  on  density  of  agricultural  land  (SAWYER,  2000),  energy  efficiency  and
conversion of natural forest into planted forest. Increasing agricultural land is a major
driver of land conversion and ecosystem losses, putting strong pressure on the re-
gional environment. 

We took household density and population growth, vehicles  per capita and dome-
stic  energy  consumption  as  proxies  for  the urban pressure.  Vehicles are the  main
source of atmospheric pollution in urban areas, energy consumption is a good proxy
for general consumption level, while household density and population growth have a
direct correlation with urbanization degree and pressure on adjoining areas for land
conversion.

We used a vegetation indicator as an inverse measure of environmental stress, sin-
ce localities with higher vegetation shares are less vulnerable to the negative effects of
anthropogenic pressure.  

The  Local  Governance  Index  measures  the  local  capacity  to  respond  to
sustainability challenges through the strength of its institutions and the quality and
accountability of its decision-making processes. It ranks localities at the studied area
by the effectiveness of their governance patterns. 

Our aim with the Local Governance Index was to use publicly available data (Na-
tional Census on Sub-national Governance - IBGE) to build a comprehensive and
sensible governance index that takes in to account two main trends – the broadening
of the spectrum of actors involved on the decision making process and the gaining of
importance of the local level on the policy making process. 

We took “fiscal autonomy” and “electoral weight” as proxies for political autono-
my. Fiscal autonomy is seen as the proportion of locally based revenue to the revenue
coming through federal/state transfers. It is a key driver of the overall political power
of  a  sub-national  level  in  a  federal  country.  It  influences  the  degree  of  political
independence relative to the higher levels of power - the Union and the State. The
electoral weight is seen as the ratio of voters to the total population. It is also a de-
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terminant factor of power of the local government, as a locality with a high electoral
weigh can influence the elections for the upper levels of power by helping to elect
candidates committed to local interests.

“Staff qualification”, “information systems” and “participation in the public policy
decision  making process”  are  the  proxies  for  Institutional  Capacity.  The first  two
measure the quality of the human resources and the information technology resources
of each local government. The third ranks localities according to the effectiveness of
participation in the public policy decision making process by evaluating the broadness
of  the spectrum of actors  involved in the processes and the existence of decision
making  tools  (as  participatory  budget  and  policy  funds  managed  by  community
boards).

“Participation  in  the  environmental  policy  decision  making process”  and “area
under legal protection” were taken as proxies for Environmental Governance. The
former rank localities according to the effectiveness of participation in the environ-
mental policy decision making process. It does that by evaluating the broadness of the
spectrum of actors involved in the processes and the existence of decision making
tools  as local  environmental  funds managed by community boards.  The later rank
localities according to the actual municipal area under legal environmental protection
(given through local legislation).  

“Environmental NGOs”, “electoral participation” and “press” were taken as pro-
xies for the Capacity of Debate. The environmental NGOs indicator ranks localities
according  to the  number  of  nationally  accredited environmental  NGOs with local
branches per capita. The electoral participation indicator measures the proportion of
registered voters that actually voted at the most recent municipal elections. The press
indicator ranks localities according to the number of local newspapers and radio sta-
tions per capita. 

Table 1: Indexes, indicators and variables
Index Indicator Variable

Environmental
Quality

Water quality
Biological quality
Physical-chemical quality

Human Wellbeing 

Environmental
Health and Security

Child death from respiratory diseases*
Death from intestinal infectious diseases*
Homicides*
Death from car accident*

Housing quality Squatters percentage*

Sanitation
Improved water Supply
Improved sewage 
Improved waste collection 

Wellbeing Municipal Human Development Index – Health
Municipal Human Development Index – Education

Income Municipal Human Development Index – Income

Environmental Stress

Vegetation Land covered by natural forest*
Industrial Stress Energy efficiency*

Urban Stress

Household density
Population growth
Vehicles per capita
Domestic energy consumption

Agricultural Stress

Density of agricultural land
Growth of agricultural land
Energy efficiency*
Conversion of natural forest in to planted forest
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Local governance
Political Autonomy

Fiscal autonomy
Electoral weight

Institutional Capacity
Staff qualification
Information systems
Participation in public policy decision making process

Environmental Governance
Participation in environmental policy decision making
processArea under legal protection

Capacity for debate
Environmental NGOs
Electoral participation
Press (newspapers and radios)

Note: * inverse variables – the highest the variable value, the lowest the indicator.

We present the results of the calculations of the four core indexes for the years
1991 and 2000 in Tables 2 and 3, grouping municipalities through cluster analyses.
These  results  are  also mapped in  Figure  2. Although the results  have being fairly
consistent, the index set is considered as an open project, subject to further review
and methodological refinement. 

The cluster analyses allow us to identify a sole group with a clear development
pattern. Cluster 1 shows a clear unsustainable pattern, combining high human well-
being, high environmental stress and strong local governance. The municipalities on
this cluster are the industrial cities at the region, showing that economic performance
and industrial stress are major drivers of environmental sustainability in the region
and showing an urgent need of industrial transformation.

Table 2: Human Wellbeing Index, Environmental Pressure Index, Environmental
Quality Index, 1991

Municipalities Human Wellbeing
Index

Environmental Stress
Index

Environmental
Quality Index Cluster

Coronel Fabriciano 0.69 0.39 0.88 1
Ipatinga 0.73 0.68 0.00 1
Itabira 0.64 0.48 0.66 1
João Monlevade 0.83 0.76 0.64 1
Timóteo 0.81 0.58 0.88 1
Antônio Dias 0.42 0.23 - 2
Barão de Cocais 0.66 - 0.09 2
Bela Vista de Minas 0.51 0.31 - 2
Belo Oriente 0.53 0.40 1.00 2
Dionísio 0.57 0.27 - 2
Jaguaraçu 0.54 0.29 - 2
Mesquita 0.39 0.18 -- 2
Rio Piracicaba 0.62 0.23 2
Santa Bárbara 0.67 0.41 0.93 2
São Gonçalo Rio Abaixo 0.50 0.35 - 2
Bom Jesus do Amparo 0.33 0.39 - 3
Bom Jesus do Galho 0.35 0.35 - 3
Caratinga 0.41 0.22 - 3
Córrego Novo 0.49 0.39 - 3
Iapu 0.44 0.23 - 3
Marliéria 0.39 0.31 - 3
Nova Era 0.49 0.62 0.66 3
São Domingos do Prata 0.53 0.23 - 3
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Table 3: Human Wellbeing Index, Environmental Pressure Index, 
Environmental Quality Index, 2000

Municipalities
Human
Wellbeing
Index

Environmental
Stress Index

Environmental
Quality Index

Local Go-
vernance IndexCluster

Barão de Cocais 0.67 0.65 0.00 0.52 1
Ipatinga 0.64 0.66 0.22 0.87 1
Itabira 0.66 0.72 0.36 0.80 1
João Monlevade 0.85 0.65 - 0.72 1
Timóteo 0.68 0.67 - 0.80 1
Bela Vista de Minas 0.66 0.31 - 0.34 2
Caratinga 0.51 0.42 - 0.62 2
Coronel Fabriciano 0.67 0.35 - 0.53 2
Entre Folhas 0.53 0.44 - 0.43 2
Nova Era 0.76 0.53 - 0.47 2
Rio Piracicaba 0.66 0.46 - 0.37 2
Santa Bárbara 0.69 0.41 1.00 0.75 2
São Domingos do Prata 0.62 0.37 - 0.40 2
Bom Jesus do Amparo 0.44 0.45 - 0.38 3
Bom Jesus do Galho 0.36 0.33 - 0.32 3
Córrego Novo 0.45 0.24 - 0.26 3
Dionísio 0.44 0.42 - 0.34 3
Iapu 0.54 0.45 - 0.30 3
Ipaba 0.46 0.32 - 0.14 3
Jaguaraçu 0.48 0.44 - 0.27 3
Marliéria 0.60 0.51 - 0.31 3
Mesquita 0.37 0.32 - 0.16 3
Santana do Paraíso 0.50 0.64 - 0.19 3
São Gonçalo do Rio
Abaixo 0.43 0.35 - 0.21 3
Antônio Dias 0.22 0.52 - 0.39 4
Belo Oriente 0.20 0.49 0.50 0.55 4
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Figures 3 and 4 compare the performance of the 26 municipalities on the Envi-
ronmental Pressure and Human Wellbeing indexes by adapting to the studied reality
the sustainability barometer proposed by PRESCOTT-ALLEN (1995). The horizontal
axe shows the human system and the vertical axe the environmental system. We chose
the  Environmental  Pressure  Index  instead  of  the  Environmental  Quality  Index  to
compose the environmental axe since it was built for all municipalities in both year-base,
allowing a broad comparison.

Figure 2: Sustainability indexes, Piracicaba Basin, 1991 (left) and 2000 (right)
Note: Human Wellbeing Index, Environmental Stress Index and Political  and Institutional Capacity
Index, from the top to the bottom.
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Results  once again clearly  show a trade-off  between environmental  quality  and
human wellbeing at Piracicaba basin. The municipalities that rank higher in the Hu-
man Wellbeing Index were the same to rank higher in the Environmental Pressure
Index, what indicates that increasing human wellbeing in the region was achieved by
relaying on a high degree of burden on the environmental system. Nevertheless, a few
municipalities  were  able  to  break  the  link  between  environmental  burden  and
economic development, achieving a more balanced performance and suggesting that it
is possible to face and overcome the trade-off and pursue a more sustainable path.   

Measuring industrial stress
The aim of this section is to measure industrial stress at Piracicaba Basin. We do it

by modeling the environmental damage caused by the four main industrial plants at
the region and estimating the economic cost of these damages. 

Industrial stress is a major hurdle to the achievement of sustainability at Piracicaba
Basin, as demonstrated in section 3. The study region is specialized on primary trans-

Figure 4: Human Wellbeing versus Environmental Stress, 2000
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Figure 3: Human Wellbeing versus Environmental Stress, 1991
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formation of raw natural resources – pulp and steel industries - and these industrial
activities are not only resource intensive, but also energy and water intensive. 

The pulp industry is a capital, energy, water and resource-intensive industrial sec-
tor.  The  iron-steel  industry  is  a  capital  and  resource-intensive  industrial  sector.
Depending on technological pattern adopted, iron-steel plants can also be energy and
water-intensive. Water intensive industries are the ones in which more than 15 per
cent of the activity’s total water intake is consumed. The iron-steel plants at Piracicaba
basin fall in to this consumption range, being water-intensive. Both industrial sectors
contribute to various emissions to air, especially sulphur dioxide (pulp and iron-steel),
nitrogen oxides (pulp) and particles (iron-steel) and have historically been the source
of acute air pollution problems.

We understand environmental damage as the losses on human wellbeing, ecosys-
tem health and man-made capital resulting from environmental degradation caused by
over-exploitation of the environmental services for productive purposes. The cost of
environmental  damage can be considered as the economic  value of  potential pro-
duction or revenue that was not realized due to environmental damage, or as the eco-
nomic value of the negative changes in the environmental quality. 

Although incurring some degree of environmental damage is almost inevitable, gi-
ven the particular characteristics of our economic system and current technological
standards, a measure of the degree of current damage and its economic value is a po-
werful tool to identify critical trends and help the development of better management
processes.

Measurement the extent and degree of environmental damage is not an easy task
and  there  is  no  consensual  methodology  to  do  it.  In  this  chapter  we  used  the
Environmental  Resources  Consumption  Method  (KHACHATUROV,  1993;
MIKHAILOVA, 2002). 

Given  the  difficulty  to  measure  all  the  losses  associated  with  environmental
damage, most of the current efforts on environmental damage measurement focus on
particular aspects of specific productive activities as proxies of the overall damage. In
this chapter we measure the damage on the water media caused by the four major
industrial plants - Cenibra, Usiminas, Acesita and Belgo Mineira - as a proxy of the
environmental damage at the Piracicaba Basin. We then use the results to estimate the
economic cost of the damage.

The Environmental Resources Consumption method estimates the environmental
damage by modeling  the consumption  of  environmental  resources  needed for  the
absorption or dispersion of the pollutants and bring the concentration levels back to a
baseline level. For example, it is possible to model the volume of pure air needed to
dilute the atmospheric emissions of a industrial plant and bring it back to a baseline
(for  example,  the  maximum  level  of  concentration  allowed  by  environmental
legislation). The amount of air that was consumed, or used, to reach the maximum
level of concentration is a proxy of the atmospheric damaged caused by the industrial
plant. In the same way, it is possible to model the hydrological environmental damage.
In this in case it is necessary to estimate the volume of water needed to dilute the
water effluent launched until reaching the permissible maximum concentrations. 

Environmental Damage Equation

D=∑
i=1

n E i
Pmax i

(1)

Ei – emission of pollutant i, in year/ton;
Pmax.i – maximum level of concentration, in ton/m3;
D – environmental damage, in m3.
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The first step was estimating the yearly volumes of water effluents of main pollu-
tants for the four firms using available data. In the case of the Cenibra - Table 3 - we
used data on water effluents published by the company. For the iron-steel plants -
Table 4 – there is no published data on water effluents, which is why we used estima-
ted data produced by RIO PIRACICABA (2003) using the methodology developed
by PAULA et all (1997). 

The  second  step  was  estimating  the  amount  of  water  needed  to  dilute  the
emissions in order to reach the maximum concentrations allowed by legislation using
data from tables 4, 5 and 6. The results are on tables 7 and 8.

Table 9 show the estimated costs of the environmental damage using as water va-
lue the effective water costs on water supply incurred by the studied firms - R$ 2,118
per m3, charged by Copasa, the state owned water supplier at Minas Gerais State2.  

Table 4: Emissions of water pollutants, Cenibra (year/ton)
Pollutant 1999 2000 2001
Total Suspended Solids 2977.50 2290.90 1505.50
Chlorinated halogenated organics
(AOX)

339.60 229.10 213.90

Phenols 15.70 8.20 7.90
Data source: RELATÓRIO AMBIENTAL CENIBRA, 2001 

Table 5: Emissions of water pollutants, Usiminas, Acesita, Belgo - 2000 (year/ton)
Pollutant Usiminas Belgo Acesita
Total Suspended Solids 39139 4967 8341
Phenols 67 0.05 1
Cyanide 29 6 3
Ammonium 167 3 4
Fluoride 21 15 6
Heavy oils 1549 205 781

Data source: RIO PIRACICABA (2003)

Table 6: Maximum concentration allowed by environmental legislation
Pollutants Maximum concentration allowed by environ-

mental legislation (mg/l)
Total Suspended Solids 60
Phenols 0.2
Cyanide 0.2
Ammonium 5
Fluorides 10
Heavy oils 20

Data source: PAULA et all (1997).

Table 7: Water resources needed to dilute Cenibra emissions (hundreds m3/year)
Pollutant 1999 2000 2001
Total Suspended Solids 49620 38180 25090
Chlorinated halogenated organics (AOX) 13580 9160 8560
Phenols 7850 41000 39500
Total water consumption  141700 88340 73150

Data source: table 4

2 R$ is the Brazilian Currency (Reais). In November 2003 the exchange rate was R$ 2,9 for 1
US Dollar.
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Table 8: Water resources needed to dilute Usiminas, Acesita, Belgo emissions
(hundreds m3/year), 2000
Pollutant Usiminas Belgo Acesita
Total Suspended Solids 652300 82800 139000
Phenols 335000 250 5000
Cyanide 145000 30000 15000
Ammonium 33400 600 800
Fluorides 2100 1500 600
Heavy oils 77400 10200 39000
Total 1245200 125350 199400

Data source: table 5

Table 9: Economic Cost of Environmental Damage, 2000
Water resources needed to dilute
emissions (million m3/year)

Economic Cost of Environmental
Damage (R$ million)

Cenibra 73.15 154.93
Usiminas 1245.20 2637.33
Belgo 125.30 265.39
Acesita 199.40 422.33

Data source: tables 6, 7 and 8.

The economic cost of environmental damage of the studied firms is very high.
Taking Cenibra, the firm with the lowest cost, as an example, the cost of environ-
mental damage on water media is very close to the average net profits of the company
in the past three years (R$ 229 million in 2000, R$ 92 million in 2001 and R$ 120
million in 2002)3. Taking Usiminas, the firm with the highest cost, as an example, the
cost  of  environmental  damage is  close  to the company average revenue (R$ 2395
million in 2000, R$ 2942 million in 2001)4. These results indicate a clearly unsustaina-
ble pattern and a need for industrial transformation. 

Table 10 show data on water intakes, water consumption and water efficiency for
the three iron-steel plants. We used two different measures for water efficiency: water
efficiency 1 is measured as ton of iron-steel produced per unit of water intakes, while
water  efficiency  2  is  measured  as  ton  of  iron-steel  produced  per  unit  of  water
consumed. 

Table 10: Water intake, water consumption and water efficiency, 2000 
Water
intakes
(m3/month)

Water
consumption
(m3/month)

Production
(ton/month)

Water efficiency 1
(ton/m3)

Water
efficiency 2
(ton/m3)

Belgo 326169 326126 100000 3.26 3.26
Usiminas 5140800 1079568 340000 15.12 3.18
Acesita 1080000 356400 70830 15.24 5.03
Data source: RAVISK (2002). 

The pattern observed for water intakes and water consumption is similar to the
one observed for environmental damage. Usiminas is much more intensive on water
consumption and water intakes then the other two. The difference here is that for
water intakes Acesita is much more intensive than Belgo, while they perform more
similarly for water consumption and environmental damage.

3 Data available at www.cenibra.com.br
4 Data available at www.usiminas.com.br
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It is interesting to stress the fact that Belgo uses 100% of the water they take in
from the Piracicaba river, recycling and making it return to the production process,
while Usiminas and Acesita use respectively 21% and 33% of the water they take in,
releasing  most  of  it  back  to  the  river  (RAVISK,  2002).  The  water  Usiminas  and
Acesita give back to the river, used for cooling purposes during the production pro-
cess, has a higher temperature then the river, causing disturbances to the river's envi-
ronmental health and losses on aquatic biodiversity (PAULA et all, 1997). 

The fact described above has a great impact on water efficiency and we can clearly
see two different patterns. Water efficiency 2 (consumption) shows a pattern where
Belgo  shines  compared  to  Usiminas  and  Acesita,  being  much  more  efficient.  A
different pattern can be observed for Water efficiency 1 (intakes), where Usiminas is
the most  efficient,  performing  very close  to Belgo,  and Acesita  has a poorer  per-
formance. 

Within the iron-steel plants, Belgo presents the lowest stress levels according to all
indicators, as shown in table 11.  

Table 11: Industrial stress 
Cenibra Usiminas Belgo Acesita

Environmental damage (water, thou-
sands of m3)

73.150 1.245.200 125.300 199.400

Water consumption  (thousands m3) - 1080 326 356
Water efficiency 1 [intakes]
(m3/tons)

- 3.18 3.26 5.03

Water efficiency 2 [consumption]
(m3/tons)

- 15.12 3.26 15.24

Cost of environmental damage (R$
thousands/year)

154.930 2.637.330 265.390 422.330

Environmental Stress Index (host
municipality)

0,49 0,66 0,65 0,67

5. Drivers of environmental change
As a conclusion, we statistically investigated three major drivers to environmental

change in the investigated area: industrial stress, economic performance and local en-
vironmental governance. 

The relationship between sustainability and economic performance lies at the heart
of major political debates and are of key importance to the environmental decision-
making process.  On the one hand,  economic performance is a source of environ-
mental stress and there are significant trade-offs between environmental performance
and economic  performance.  On the  other  hand,  sustainability,  at  least  at  national
level,  seems  to  benefit  from  improvements  in  economic  development.  Industrial
stress is seen as a major barrier to achieving sustainability. Governance, at least at na-
tional level, is pointed out as a major driver of sustainability, since strong and demo-
cratic institutions are seen as necessary conditions to move towards sustainable paths.
(Environmental, 2002; Esty and Porter, 2002; Dasgupta et all, 1995).

These three can also be considered important drivers of industrial transformation.
The existence of a high industrial stress is itself the main reason for industrial trans-
formation5. A positive and growing economic performance is seen as a condition for
industrial  transformation as it  means that economic resources  will  be available for

5 Industrial transformation is defined as a change in the system of economic activities that is
able  to  break  the  links  between  economic  activities  and  environmental  burden  (Jacob,
2003). We also consider it to be the transformations needed to invert the existing trade-offs
between industrial growth and environmental sustainability and allow the two to coexist.
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technological  changes  and  environmental  protection.  Good  governance  has  been
stressed by the literature as one of the main conditions to achieve industrial trans-
formation.    

In order to explore empirically the relationships between local sustainability, local
governance, industrial stress and economic performance for the investigated area, we
statistically tested the correlations between them through linear regression and biva-
riate correlation. We use selected variables in the index set in section 3 and the mea-
sures  of  industrial  stress  in  section  4  to  quantify  the  drivers  and  the  degree  of
sustainability. 

We took the inverse of  the Environmental  Stress  Index calculated on part  3 -
henceforth called Environmental Quality - as a proxy for local sustainability. The in-
verse of the “industrial stress indicator” calculated on part 3 - henceforth called Re-
ducing Industrial Stress - was taken as a proxy for industrial stress. We took average
household income and municipal gross product as proxies for economic performan-
ce. We took the Local Governance Index and the environmental governance indicator
calculated in part 3 as proxies of local environmental governance. 

The results show significant positive correlations, except for the case of municipal
gross product and reducing industrial stress. 

Table 12: Correlations
Variables Bivariate correlations

(1) (2) (3) (4) (5) (6)
Municipal Gross Product (1) 1.00 0.648 0.671 0.445 -0.463 -0.332
Average household income
(2)

0.648 1.00 0.841 0.704 -0.575 -0.538

Local governance (3) 0.671 0.841 1.00 0.843 -0.625 -0.502
Environmental governance
(4)

0.445 0.704 0.843 1.00 -0.543 -0.503

Environmental quality (5) -0.463 -0.575 -0.625 -0.543 1.00 0.809
Reducing Industrial Stress (6) -0.332 -0.538 -0.502 -0.503 0.809 1.00

Note: correlations between 0.4 - 0.5 are significant at 0.01 level; correlations higher 0.5 are significant at 0.05
level.

Clearly, economic performance can be considered a significant positive driver of
local governance, suggesting a strong relationship between economic power and poli-
tical power and institutional strength. 

Economic  performance  can  also  be  considered  a significant  negative  driver  of
sustainability, mainly when we took the relative wealth variable - average household
income  as  the  economic  performance  measurement,  showing  once  again  the  un-
sustainable development pattern at Piracicaba Basin being characterized by a strong
trade-off between economic performance and environmental quality. 

The evidence of a significant negative correlation between local governance and
sustainability is quite surprising, but it can be statistically understood if we consider
the strong correlation between governance and economic performance. There are two
possible reasons for this negative correlation. The first one is that, as governance is a
driver of sustainability in the long term, the correlation currently observed is due to a
temporal gap and would possibly change in the future. The second one is that even
when the local authorities  succeed on improving governance tools,  the power that
comes from that is used rather to foster economic performance than to support the
improvement of environmental quality.  

The regression lines on figures 5 and 6 provide an interesting perspective on how
each locality performs. At figure 5, the regression line shows a political and institutio-
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nal strength above and a political and institutional weakness bellow. At figure 6, the
regression line shows more sustainable path above and a less sustainable path bellow. 

Nevertheless,  the  wide  variations  in  environmental  quality  among  localities  at
similar levels of relative wealth and the absence of a continuous relationship over the
entire range of  income show that  the relationship between economic development
and sustainability, although existent, is neither obvious nor definite.

Figure 5: Relation between Local Governance and Average household income

Figure 6: Relation between Environmental Quality and Average household income
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