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Abstract

The privatization programme and the cregtion of regulatory agencies in the eectric
power and oil sectors were not independent decisons made by the government. They
need to be looked at in their proper perspective. The need to increase the supply of
energy and borrow externd funds to this end led the government to accept the World
Bank requirements The World Bank's own view fits in a draiegy for achieving
sugtainable development and is closdy related to the implementation of the Kyoto
Protocol.
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1. Introduction

Brazil is undergoing numerous dgnificant trandformations. The bresking point
is the Red Plan put into operation in the firsd term of Presdent Fernando Henrique
Cardoso in mid-1994. We can divide the facts into two broad groups.

The firgt group concerns the way economic policy is defined and its objectives
ae pursued. Its mog important dtribute is an unyidding determination to lower
inflation rates and make some fundamentd adjusments in the fiscd sector. Obvioudy
this can be a batle cry but it is not yet the time to cdam victory. Politicians offer
resstance because of ther own interests. Nonethdess we can lis some indisputable
good results. The firgt point is that after decades of rampant inflation there is a period
of dability. Inflation rates of up to 70% per month were lowered. Now it is even
possble to experience months with deflation dlied to an annua inflation rate lower
than 10%. A period of dagnation before the plan was followed by a conssent
increesing activity during the first four years of the Red Plan, a fact that can be shown
by using more sophisticated econometric methods:? 3

The second group of facts will be called gtructurd reforms. The reform of the
glectric power sector is an example. One can interpret this behaviour as an
independent  action towards a preferred organisation  of the sector. We argue,

" Professor of Economics, FEA/USP, Ribeir&o Preto

! Paper prepared for the Economics Conference “Challenges and Oportunities Facing the Brazilian
Energy Sector” held at St Antony’s College, Oxford on 6 December 1999. Financial support by Banco
Santosis gratefully acknowledged.

2 Diniz (1999) demonstration of this fact draws heavily on the econometric literature of unit roots and
smooth transition in trends.

3 The economy is currently going through an adjustment period because of some external and
internal factors that we will not detail in this paper.



however, that this is a most an incomplete appreciation of the facts. We date that the
government chose this course of action manly condrained by two facts the necessty
to cope with an increesing demand for energy and the lack of funds to invest in this
sector. These forced the government to  accept the commitments imposed by the
World Bank in order to borrow funds from the Bank for this purpose. We are not
judging the appropriateness of the decison but only expressing the perspective from
which the government contemplated its actions. This link with the World Bank's
positions can help us to foresee the policy of Brazil in some areas. This paper will be
concerned solely with prospects for the environmental area

In what follows we will restrict our andys's to the dectric power sector. Some
of the arguments can be vdid for other sources of energy, especidly the oil sector.
Initidly we shdl present a sat of badc facts on the Brazilian eectric power sector.
Then we shdl summarize the pogtion of the World Bank on this matter and examine
the link between its podtion and the sudtanability criterion. At that point we shdl
present the thrust of the argument. The environmentd implications of the reforms are
the focus of the following section, followed by some concluding remarks.

2. TheBrazilian eectric power sector: basic facts

Some sdlected data from the Brazilian Energy Bdance 1999 are displayed in
Tables 1-10 and Figure 1.% In what follows we shall stress the more relevant facts.

The firgt point to cover is a downward trend in red prices of the eectric power
sector. This is shown in Table 1 and Figure 1. The fdling red price is paticulaly
noticesble in the prices for the industrid sector. This is an important clue to the
suspicion that the price of dectricity may not cover the costs or generate a surplus to
expand the supply. We can note in addition an upward trend in the red price of
resdentid eectricity for the period 1996-1998. There is no sufficient information to
know with certainty if thisis a perdstent trend upwards.

Table 2 shows some sdected data We can dress that the generation of
eectricity is only a little bit higher than consumption. In the 1990s consumption was
never below 95% of the generation. We can even date tha al dectricity is consumed.
Other remarkable fact is that the bulk of the generation is supplied by hydro plants.
Another point to dress is tha the overdl efficiency of thermd plants is around 32%.
In the private sector (auto-generation) efficiency is never bdow 34% (typicdly
around 38%), and the same figure for the public sector is never above 29% (typicaly
around 26%). It follows that the public sector is less efficient than the private sector in
themd plants We included two indexes reflecting the qudity of eectricity
digribution. Both reflect two dimensions of power outages. mean number of hours per
year and mean number of events per year. They present a sSmilar behaviour: a
deterioration of digribution services in 1996-1997 followed by quality better than
ever happened before.

Tables 3-5 detal the profile of the eectricity generation. Table 3 brings raw
data expressed in PJ. Tables 4 and 5 show that more than 90% of al dectricity
generated in Brazil comes from hydro plants Most of them ae date-owned
companies. The therma plants geneation is divided into an equa proportion
between the public and the private sector. Table 5 shows in detall the composition of
therma plants by source. Some types of plant are exclusvey private (naturd ges,
firewood, sugar cane bagasse, black liquor, other wastes, gas coke and other

“ All tables and figures are in the Appendix.



secondary sources), others are public (uranium) or amost public (steam coa and, to a
lesser extent, diesdl oil) and in one case the proportions of the two sectors are roughly
equa (fud ail).

The ingaled capacity is shown in Tables 67 by type of plant. They reinforce
the results expressed in other tables. The dngle new fact is that the ingdled capecity
in date-owned thermd plants is much higher than the corresponding in the private
sector (auto-generation).  But in previous tables we saw that generation is dmost
equa in the two sectors, with the private being more efficient. The facts seem to be
consistent.

The profile of consumption is shown in Tables 810. Table 8 is the raw data in
PJ Table 9 shows that the consumption is proportiondly higher in the indudrid
sector, followed by resdentiad (haf of the share of industrid consumption) and
commerciad (haf of the share of resdentid consumption) sectors. Table 10 stresses
that insde the indudria sector the highest shares come from pig-iron, sted, non
ferrous, other metals and chemical firms.

Summing up, we have ascertained seven stylized facts for the eectric power
Sector:

generation is mostly performed in state-owned hydro plants,

auto-generaion (private sector) thermd plants are more efficient;

the private sector operatesin potentidly more polluting plants,

deterioration of didribution services in 1996-1997 followed by
unprecedented quality;

red eectricity prices show a decline over time with a patid reverson
from 1996 on;

generation istotaly consumed;

consumption takes place predominantly in the industria sector.

A more accurate evauation of the data can be performed when we look at the
hisory of the power plant sector in the last decades. This sector had been considered
as a drategic sector for the government of Brazil at least Snce the 1950s. There was a
monopoly of dectricity supply. The control of dl phases of eectricity production and
digribution was shared between federal and dtate government and a tiny participation
of the private sector in the following proportions:

Generation: 65% federal government; 35% State governmen.
Transmisson: 70% federa government; 30% dtate government.
Didribution: 19% federa government; 79% date government; 2% private.

It was argued by supporters of this type of organisation that the heavy
investment needed in the sector could only be provided by the government, which had
dl the conditions to borrow, invest and cope with the increases in demand for
eectricity.

The 1980s reveded the financid fragility of the sector as a result of price
controls (predominantly used as an indrument intended to redistribute income in
favour of the poorest classes and some indudtrid sectors) and bad adminigtration. As a
result the World Bank stopped lending to the power sector in 1986 for nor:
compliance with pricing and financid covenants® The interference of paliticians in
the adminigration of firms dlied with the control of prices and the shortage of funds
resulted in an amount of debt of the order of US$ 26 hillion in 1993 which would
make the firms bankrupt. In addition an insufficient expandon in the sysem capacity
was detected. There was a deficit in capacity expanson of around 1,100 MW per year

® World Bank (1993b) p. 21.



and a necessity to expand 2,000 MW per year.? The system was operating beyond its
nomina capacity. The government, by means of the Law 8631, assumed the debt,
authorized an increase in prices of 70% and diminated the uniform price regime. We
can see in Figure 1 that this movement in prices was not sufficient to proportionate a
red increase in prices. As a result the crisis in the sector regppeared in 1995 and debts
of US$ 3 billion aroused the fears of bankruptcy.

It was clear then that the Structure of the sector was not adequate to provide
eectricity services with qudity, remunerate them according to their cods, increase the
supply and improve the efficiency of the firms. From 1995 on a project to restructure
the sector by means of privatization (essentidly in didribution and generation), a new
operator of the system - the Independent Nationd Power System Operator (ONS) -
and an independent regulator in the sector - the Nationa Agency of Electrica Energy
(ANEEL)’" were implemented. Worthy of note is the increase in the red price of
resdential dectricity in the period 1996-1998 as a result of the changes. The same is
not true of the red price of indudtrid dectricity red price. In the next section we will
review the pogtions of the World Bank in this area so that we can more properly
evauate the reform of the electric power sector.

3. TheWorld Bank approach

The core texts reflecting the World Bank’s podtions on energy (with emphasis
on the electric power sector) and environment are World Bank (1992, 1993a, 1993b,
1999a). The Policy Peapers in World Bank (1993a, 1993b) have been in the
Operationd Manud since May 1996° =0 it is rewarding to spend some time
examining them. Paticulaly important is World Bank (1993b), in which the daff
reviams9 and andyzes the internationd restructuring experience in the eectric power
sector.

The objectives of an dectric power sector reform, according to the Bank’'s
view, are the following:

- “increase economic and utility operations efficiency;
“reduce the financid and adminigtrative burdens they impose on government;
“reduce the level of public sector debt imposed by the power sector;
“reduce the cost of dectricity by subjecting producers and digtributors to
competitive market forces” °

As for efficiency, we saw that avalable data shows the superior performance
of auto-generation over dtate-owned thermd plants. The purauit of efficiency brings
the necessty to redructure or privatize the doate-owned firms. Fnancid and
adminidrative burdens occur in great pat because of faulty adminigration and
politica interference. This generates a flow of financid problems and a huge stock of
debt. The last objective would idedly be the trandtion from monopoly to perfect
competition, thet is, from an inefficient to an efficient level of energy consumption. In
doing this, the eectricity producer would not pursue his maximization of rent a the
expenses of the consumer, but instead would be in what economigts cdl Pareto
optimum (a gStuation in which consumer and producer surpluses are maximized and

® See Ministry of Mines and Energy (1998b).

" Law 9427 (26 December 1996).

8 World Bank (1999a) § 2.19.

® Estache & Rodriguez-Pardina (1999) is a more recent paper from the Bank that review exclusively the
reforms of Argentina, Chile and Brazil.

10 World Bank (1993b) p. 43.



no redigribution would produce better results than the chosen equilibrium). Obvioudy
this is an ided dtuation and we can expect some form of imperfect competition taking
place. It is debatable whether the trandtion to competitive markets would have
dggnificant impacts on prices because the previous pricing policy emphasized
redigtributive aspects that put the prices to lower levels not sufficient to remunerate
adequately the capital invested. An appropriste remuneration would create an
expanson of cgpacity in accordance with the forecasted increase in demand plus some
additiona margin. This is not the typical case. It seems tha prices would need to
adjust upwardsto anew level congstent with this requirement.

The same report of the World Bank stresses that the above objectives will be
achieved by some generic approaches which can be adapted to each country. We
shdl seein what follows four generic approaches:

“Regulatory change. To reduce the extent to which governments micro-manage
utilities and thereby reduce management accountability by controlling prices,
borrowing, budgets, invesment plans, procurement, daffing levels, and
employment conditions.

“Organizational changes. To fadlitale dructurd change within the utility from
gtate monopoly and centraization to decentraization and exposure to competition.
“Commercialization and corporitization. Increesng the utility’'s business
orientation to operate more like a private corporation and less like a government
department and subsequently to subject the utility to corporate legidation and
require it to compete with other private companiesin equa terms.

“Increased private sector participation. Occuring in many forms including the
sde of some or dl assats dock exchange lidting, franchisng, lessing, contracting
out, and nonutility power generation.”**

These approaches st the tone for reducing the interference of the government
in the eectric power sector, inducing a mentdity like a private firm in the employees
and implementing some type of privatization (total or partid). In other words, a
complete restructuring of the sector.

With this prospect in mind the World Bank cdealy expresses five guiding
principlesthat are vaid today. They are:

“Principle one Transparent Regulatory Process. A requirement for dl power
lending will be explicit country movement toward the establishment of a legd
framework and regulatory processes sdisfactory to the Bank. To this end, in
conjunction with other economy-wide initiatives, this requires countries to set up
trangparent regulatory processes that are clearly independent of power suppliers
and that avoid government interference in day-to-day power company operations
(whether the company is privatdy or publicly owned). The regulatory framework
should establish a sound bass for open discusson of power-sector economic,
financid, environmenta, and service policies The Bank must be sdisfied that
there is meaningful progress towards this objective.

“Principle two: Importation of Services. In some of the last developed countries,
where there are weak public and private ®ctors, a relative lack of market forces,
and undeveloped capitd markets, an early step in bringing about power-sector
reform and increesng sector management efficiency will be to bring locd,
developed-country, or more advanced developing-country electric power services
into the sector.

1 World Bank (1993b) p. 43-51.



“Principle  threee Commercialization and Corporatization. The Bank will
aggressively pursue the commercidization and corporatization of, and private
sector participation in, developing-country power sectors.

“Principle four: Commitment Lending. The Bank will focus lending for dectric
power on those countries with a clear commitment to improving sector
performance in line with the above principles.

“Principle five Private Investment. To encourage private investment in the power
sector, the Bank will use some of its financia resources to support programs that
fadilitate the involvement of private investors."*2

The principles above dress that the World Bank is bent on regulation reforms
that give a professona character b state-owned firms and a warm welcome to private
participation in the elctric power sector.

When we have in mind the above panorama of the World Bank’s view and
look at the power sector reform in Brazil it is possble to trace many interrelationships
between them. In fact reading the documents supplied by the Ministry of Mines and
Energy™® we can see the necessity of financid support to increase the supply of
eectricity. We know that the World Bank had not been lending money to the eectric
power sector in Brazil snce 1986. The Stuation got worse with two crises in the
sector in 1993 and 1995. The need for larger increases in dectricity supply dlied with
the absence of funds led to the acceptance of the World Bank principles. They
explicitly date that the lending will occur if and only if the reform in the sector is on
the way.

The reform looked a in its proper perspective is more an act dictated by
necessity than an independent action towards a preferred organisation of the sector.
There was no dternative. Indeed if we contemplate the Brazilian projects proposed to
the World Bank in the energy areawe can conclude that redlity is not too far.X*

We need to understand two basc things. gods and means to achieve these
goas™ Redructuring, privatization, deregulation and competition in any reform are
not goads, but means. The gods in our case can be two: to obtan the necessary
financid resources to eiminate any gap between supply and demand; and to obtan
gregter efficiency in the sector. Our discusson can be viewed as an assesment of the
weights that the two objectives had in the decisons towards implementing the reform.
The judtification based on the second factor is more paatable to the government. We
argue that the first factor was an effective condraint that determined the type of
reform adopted.

A caeful sudy of a recent paper that will dictate the future policies in the
energy aea in gened (World Bank (19999)) reveds that nowadays the same
principles discussed above for the dectric power sector are being applied to
operations of the World Bank in the ail, gas and cod sectors’® This is the reason for
our statement that the same congderations could be gpplied for ingtance to the reform
in the oil sector that created its regulator (ANP). The reform in the oil sector was a

12 \World Bank (1993b) p. 59-77.

13 For instance Ministry of Mines and Energy (19983, b).

14 There are some projects proposed and one project on energy efficiency that is under implementation.
Seefor instance World Bank (1999a) § 2.32 and World Bank (1999 c, d, 1998, 1997).

15 See the discussion in Joskow (1998).

16 World Bank (1999a) § 2.16-2.19.



gep towards an efficient exploration of new and old wells with the participation of the
private sector.’ It also opened the doors to new funds provided by the World Bank.2

4. Environmental implications

The reforms in the energy sector have something to do with the environment.
Efficency is only hdfway to solve the problem. We need to achieve sustainability as
wdll.

4.1. Concepts of sustainability

There are many concepts of sudtainability to choose from and no consensus
about which one is the best. One example is given by the World Commission on
Environment and Devel opment:

“Sustainable development is development that meets the needs of the present
without compromising the ability of future generations to meet their own needs.”*°

This concept dresses the role of intergenerationd equity in the sustainability
debate. But the term “needs’ istoo vast to turn this definition into an operationa one.

One posshility is to narrow down the definition and congder sudtainable
devdopment as the gdtuation in which future growth is not compromised by that of
the present. This is an operationd definition but diminates from the discusson many
problems related to development. It preserves, however, the link between sustainable
resource use and growth.

With the previous remarks in mind, it is possble to conceive three definitions
of sustainahility:?® nondedining well-being; nondedlining vaue of naturd capitd; and
nondeclining physcd service flows from sdected resources The fird  definition
assumes pefect subgtitution between physica and natural capital. The next assumes
limited subgtitution between the two types of capitd consdering dl naturd capitd as
homogeneous. The third definition sresses the physcd dimenson of sugtanahility
(unlike the previous ones tha emphaszed the vadue dimenson) and distinguishes
between the critical natura capitd (essentid for sustaining life and not  subditutable)
and the other types.

The three definitions are intended & a guide to the sustainability debate. If we
are to debate intergenerational equity we need a dynamic concept. In order to make
some compaisons between efficiency and sudanability, the concept of dynamic
efficiency needs to be used. In dl the discussons that follows it is necessary to know
that not al efficient dlocations are sustainable and not dl sustainable dlocations are
efficient. The operationd drategy to attack a problem of this type is to choose among
al sugtainable solutions one thet is dynamicdly efficient.

" The private participation was made possible by auctions called Brazil Oil & Gas Round. The first of
this auctions occurred in 1999 and the second is expected to take place in 2000 or 2001.

18 An accurate exam of the World Bank documents also shows that some money was lent for the oil
sector but a part of it was applied in regulatory reforms possibly in the oil sector (Hydrocarbon Transp.
Loan LO 3376-BR).

19 World Commission on Environment and Devel opment (1987) p. 43 (italics added).

20 5ee Tietenberg (1996).



4.2. Environment reconsidered

The World Bank reports point out that regulation needs to address
environmenta questions. As a matter of fact, the reforms designed by the Bank are
trying to achieve effidency and sudanability as we saw in the last section. Our
discusson of sustaingbility will dress the dectric power sector reforms but smilar
measures can be thought of in other sectors.

The measures proposed are related exclusvely to therma power plants. These
correspond to a share of 10% in dectricity generation. One problem with a chegp
solution is emissons of paticulae metter, something very hamful to hedth.
Adoption of gas-fired power stations and modifications of cod-fired dations ether in
location, chimneys or equipment can solve the problem, and the benefits largdy
compensate the cogts. The evidence shows that it costs around 1% or 2% of the totdl
capitd costs*® We saw in examining Brazilian daa (Tables 3-5) that the gas-fired
dations are exclusvey private. On the other hand the cod-fired dations are dmost dl
state-owned (95%). The government will bear al the costs to do the necessary repairs
if these plants are not privatized. The World Bank is progressvely redricting the
funds to projects involving cod. A good decison is to subgtitute cleaner technologies
for cod.

Another problem is emissons of sulphur dioxide and nitrogen oxides. Apart
from moving to gas or clean cod technologies the solutions are expensve (10% to
20% of the capita costs). The impact of emisson reduction on hedth is smdler than
in the previous case.

Empirical evidence shows that gas-fired dations and clean coa technologies
reduces the emissons of paticulates and carbon monoxide by 99.9% and of sulfur
dioxide and nitrogen oxides by more than 90%.

The problem of carbon dioxide emissons does not have a technologica
solution. Lower emissons can be obtained by replacement of the fuds used, of cod
by oil and then by gas (the best fud) or preferably by hydro plants.

Let us see some data related to Brazil concerning carbon dioxide emissons
from 1983 to 1996 (Tables 11-14). Table 11 gives raw data in a thousand metric tons
of carbon. But it has an interesting indicator: Brazilian carbon dioxide emissons per
capita. This index increased 35% from 1983 on (from 0.34 to 0.46). Table 12 Stresses
the fact that 75% of our emissons are caused by liquid fuds and 17% is due to solid
fuds Table 13 shows the contribution of Brazil to the emissons of Centrd and South
America. In average the Brazil emits 20% of the total for this group of countries. The
disaggregated data shows that Brazil is responsble for 50% of emissions of solid fud,
30% of cement manufacture and 20% of liquid fuds. Gas fuds (4%) and gas flaring
(10%) are not urgent problems yet. Table 14 dassifies Brazil as the 17" highest
carbon dioxide emitter in the world. Its contribution to world emissonsis 1.14 %.

We have thermd plants that use liquid and solid fuds. Tables 35 shows that
theema plants usng diesd oil and fud oil accounts for 3% of dectricity generation.
The dectricity generated by diesdl oil plants is 80% from state-owned and 20% from
private plants, while the state-owned and private fud oil plants have an equa share.
These plants need to be replaced by gas-fired plants in order to lower the carbon
dioxide emissons. The cod-fired plants are in asmilar Stuation.

The top 20 countries are responsble for 76% of the world carbon dioxide
emissons. 1993 data show that the world electric power sector accounts for 30% of

21 \World Bank (1993b) p. 17.



al fossl fue consumption and 50% of al cod consumption. It is in fact a key sector
in this matter.

The profile of the Brazilian dectric power sector is not the typicd one. As we
have seen the hydro plants predominate. Table 15 shows data from Erber (c. 1997)%
that demondrates the difference this fact makes on the fina result. The fraction of
total emissons of some pollutants attributable to the dectric power sector in 1997 is
around 3.8% for carbon dioxide, 4.3% for sulphur dioxide, 1.8% for nitrogen dioxide
and 0.3% for methane. It is quite a smal proportion. There is not too much potentia
to reduce emissons from this point of view apart from some measures sketched
above.

The absence of technologica solutions and an upward trend in emissons led
to the formulation of the Kyoto Protocol, 2 which has the purpose of lowering the
emisson of pollutants that affect the ozone layer and induce climate changes in the
long run. According to the Protocol many developed countries have explicit targets
for emissions to be ataned in the near future. The dternative to reducing emissons is
the so called emissons trading (Kyoto Protocol article 17).

The Prototype Carbon Fund (PCF) was approved by the Executive Board of
the World Bank in July 1999 and intends to perform this type of trading®. It will be a
fund of cabo-reducing invetments in which there will be buyers and <Hlers
interested in emissions trading. The purpose is to act as a market intermediary to bring
capitd from indudridized countries to developing countries so that the developed
countries can meet thar targets of emisson reductions explicited on the Kyoto
Protocol. If these funds ae to go to deveoping countries to finance cleaner
technologies and Brazil is one of the highest carbon dioxide emitters then there is a
srong probability that we will recelve a reasondble share of the funds. The dectric
power sector is not the best candidate for these funds because its participation in
carbon dioxide emissons is rdaively smal. The gas flaring reated to the oil sector is
not a huge problem ather. Perhgps the man pat of these funds will go to projects
rddated to the control of vehicle emissons®® But this is merdly a conjecture because
some researchers asseverate that the problem in vehicle emissons will be solved with
additiond regulations and taxes. It is likey that the funds will come as soon as Brazil
makes some voluntary commitments on emisson targets.

Another topic related to sustaingbility is energy conservation.?® The potentid
for energy saving and consarvation exiss in dl countries With energy-saving
measures, the supply will not need to be increased so much. In developed countries it
is gressed the demand-sde management (DSM), which is the utilizetion of more
efficient eectric gppliances in al places, thus reducing the demand for dectricity. If
one condders the case of developing countries we can add another form of potentia
enargy saving reaed to the efficiency of the dectric power sector. The creation of
gopropriate incentives can increese efficiency on the supply-side and save extra
energy.

22 This data comes from different sources than the previous tables. It is needed some caution in
comparisons but we believe that the main findings are the same.

23 Details about the Kyoto Protocol can be found in Grubb, Vrolijk & Brack (1999) and Barrett (1998).

A contribution of the World Bank to the discussions about the Kyoto Protocol mechanisms can be
found in World Bank (1999%).

24 See World Bank (1999a).

% An evaluation of the control of vehicle emissions in Brazil can be found in Ferraz & Sera da Motta
1999).

G See World Bank (1993a).



The World Bank has the “Operationd Program Number 5°, which is dso
related to the United Nations Framework Convention on Climate Change (UNFCCC),
and consequently to the Kyoto Protocol. This ams to remove bariers to energy
consarvation and energy efficiency, one of the priorities of the Convention to mitigate
climate change. The Brazilian dectric power sector has some projects in this area
which have the funding of the World Bank.?’ Brazil’s concern with efficiency and
conservation was addressed in a speech of the Minister of Science and Technology at
the Conference of the Parties 5 held in Bonn (25 October — 5 November 1999). It is
expected that the bulk of externd funds in the near future will come under this
heading.

5. Conclugons

Our purpose in this paper was thregfold: to provide some basic facts on the
Brazilian eectric power sector; to discuss the sector reform from another perspective,
consgdering the World Bank priorities and the Brazilian Stuation; and to trace some
environmenta cons derations based on available documents and data.

We have concluded that the basic determinant forces that induced the reform
in the eectric power sector were the potential shortage of eectricity, the need of
externa funds to face the increasing demand and the World Bank principles to lend
funds. It is unreasonable to consder this decision as independent. We have shown that
it was certainly congtrained.

We have argued tha the link between the government and the World Bank
would be essentid to identify future trends in the environmenta area. Then we
discussed some potentid measures to reduce pollution in the energy sector based on
World Bank documents. We dtressed the fact that Brazil is one of the twenty higher
carbon dioxide emitter countries. On the other hand the country is eigible to receive
funds from the Operationd Program Number 5 and the Prototype Carbon Fund, both
related to the implementation of some aspects of the UNFCCC and the Kyoto
Protocol. Perhaps some voluntary commitment on emisson targets will be asked in
exchange.

27 See the references in fn. 8 for the projects. For a paper addressing the Brazilian situation on energy
conservation and efficiency see World Bank (1995).
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TABLE 1

Electricity Real Prices

1983-1998
Y ear
1983|1984 | 1985| 1986| 1987 1988 1989 1990 | 1991 1992| 1993| 1994 | 1995| 1996 | 1997 | 1998
Resdentid (R¥GJ) | 55,79 50,86 46,17 42,72 62,14 48,94 36,50 39,92 46,53 44,53 32,08 33,06 30,58 39,08 40,81f 42,97
Indugtrid (R¥GJ) 34,58 34,08 33,28 33,94 42,69 38,81 33,25 30,17 26,94 26,89 20,08 20,31 17,03 18,00 18,08 18,64
Resdentid (USHFGJ) | 47,98 43,65 39,73 36,78 53,48 41,99 31,30 34,585 40,27] 38,54 27,71 28,61 26,47 33,83 35,30 37,18
Industrid (USHFGJ) | 29,78 29,28 28,64 29,23 36,73 33,29 28,53 26,11 23,33 23,27| 17,39 17,58 14,74 15,59 15,66 16,12

Source: Ministry of Mines and Energy (1999). Prices at the 1998

levd.



Electric Power Sector:
Selected Data 1983-1998

TABLE 2

Y ear
1983(1984|1985| 1986 | 1987 | 1988 | 1989 | 1990 | 1991 |1992(1993|1994(1995|1996|1997|1998
Consumption/Generation
(%) 886 892 89§ 925 A M9 953 9771 96,2 953 957 961 961 953 957 955
1060, 1105]
Total consumption (PJ) 5181 576, 6248 6734 6939 7341 7644 78348 8113 829,7 868,72 899, 9533 999,7 9 .
1048, 1108| 1157
Generation (PJ) 5850 6454 6973 727,11 7324 7738 7983 8022 8437 8702 907, 936,1 992,2 5 7 1
1004, 1048
Hydro Plants 554 599,71 642,2 656,71 6684 7168 7369 7441 784, 804,1 846,3 8731 914, 956, 3 g
Thermal Plants 396 46 551 709 639 571 614 580 59,71 662 608 624 781 91,7 1044 10894
Efficiency (%) 3571 307 322 321 314 3.1 328 327 322 311 314 333 315 337 329 314
Public Utility
Power Plants 159 225 329 449 3646 294 348 264 264 293 225 231 368 427 513 533
Efficiency
(%) 280 230 285 293 264 2548 29,2 262 257 267 253 254 248 269 264 243
Auto-Generation | 24,1 234 22 2604 277 274 268 3§ 333 369 384 393 413 491 531 555
Efficiency
(%) 404 381 375 370 375 374 375 381 373 345 350 381 378 384 390 3843
Power outages (mean
hours) ng ng n3 ng Ng ng ng ng 282 274 261 253 243 261 274 24(
Power outages (mean
events) né ng ng ng né na ng ng 208 209 201 204 204 219 218 199

Sources: Ministry of Mines and Energy (1999), ANEEL (1998). na=not

available.



TABLE 3-

Electricity
Generation 1983-
1998 (PJ)
Y ear
199
1983|1984 (1985|1986 |1987| 1988|1989 (1990|1991 | 1992 [ 1993 1994 | 5 | 1996 | 1997 | 1998
992, 1108,
Generation 585,0| 645,8 697,3 727,7| 732,d 773,98 798,3 802,74 843,7 870,2 907,1 936,14 2 10485 7l 11577
Public Utility 938, 1039,
Power Plants 550,1| 611,3 663,7| 689,3 692,74 733,6 758,8 759,3 799,00 823,4 856,64 885,20 4 9839 8 10843
Auto-Generation 34,8 34,5 33,6 384 39,9 40,2 395 429 44,8 46,9 505 51,053,717 64,6 689 734
914, 1004,
Hydro Plants 545,3| 599,7| 642,2| 656,7| 668,74 716,7| 736,9 744,1] 784,00 804,0 846,2 873,77 1 956,8 3 10489
Public Utility 901,
Power Plants 534,6| 588,8 631,2| 644,4f 655,49 704,00 724,0 732,9 772,6 794,1 834,1 862,14 6 941,2 9885 10310
Auto-Generation 10,7 10,9 109 12,3 124 12,8 129 11,7 114 99 121 11,7112,4 156 15,8 17,9
Thermal Plants 39,7 46,1 55,1 71,0 63,9 57,1 61,4 580 59,7 66,2 609 62,4781 91,7 1044 108,88
Public Utility
Power Plants 15,5 225 32,5 449 36,4 29 348 26,3 264 29,3 225 23,136,838 42,77 51,3 53,3
Auto-Generation 241 236 22,6 26,0 27,4 275 26, 31,7 333 369 384 39,341,3 49,0 531 55,5
Naturd Gas 00 00 OO0 OO0 O 00 08 24 27 14 14 1,7 2,0 35 40 4,2
Public Utility
Power Plants 00 00 OO OO0 O 00 08 0O OO0 o040 00 0,0 0,0 00 00 0,0
Auto-Generation 00 00 OO0 OO O OO0 OO0 24 27 14 14 1,7 2,0 35 40 4,2
Steam Cod 94/ 10,3 124 16,6 13,3 10,2 14,0 10,4 12,4 12,0 11,3 12,214,2 15,7 199 17,6
Public Utility
Power Plants 90 99 120 16,1 124 9,7 136 99 120 11,2 104 11,2132 14,6 19,0 16,7
Auto-Generation 03 04 04 05 084 05 04 04 04 07 08 1,0 1,0 1,22 09 1,0
Firewood 16 19 20 22 23 21 19 22 21 28 31 24 23 24 26 2,5
Public Utility
Power Plants o0 o0 014 014 014 01 0O O OO0 OO0 00 0,0 0,0 00 00 0,0
Auto-Generation 16 19 20 21 22 20 19 224 21 28 31 24 23 24 26 2,5
Sugar Cane Bagasse 6,77 59 63 61 69 68 64 63 68 74 7.3 83 93 129 140 14,3
Public Utility
Power Plants o0 00 OO0 OO0 O OO0 OO O 00 o040 00 0,0 0,0 00 00 0,0




Auto-Generation 6,77 59 63 61 69 68 64 63 68 74 73 83 93 129 140 14,3
Black Liquor 24 24 25 25 29 25 28 34 36 65 6,0 78 79 82 90 9,1
Public Utility
Power Plants 00 00 OO OO O 00 OO O0g OO0 o040 00 0,0 0,0 00 00 0,0
Auto-Generation 24 24 25 259 29 25 28 34 36 65 6,0 78 79 82 90 9,1
Other Wastes 37 52 38 46 54 61 49 59 68 52 6,0 55 49 51 6,3 7,0
Public Utility
Power Plants o0 00 OO OO O 00 OO O0g OO0 00 00 0,0 0,0 00 00 0,0
Auto-Generation 37 52 38 46 54 61 49 59 68 52 6,0 55 49 51 6,3 7,0
Died Qil 421 42 51 64 100 95 82 68 69 82 7.6 79111 11,2 148 18,8
Public Utility
Power Plants 33 324 414 53 83 83 70 54 56 70 63 6,6 9,7 8,71 11,7 15,0
Auto-Generation 10 10 10 11 1272 12 12 14 14 12 13 1.3 14 26 31 3,8
Fud Qil 10,20 79 88 301 17, 154 13,0 10,1 104 114 114 11,812,4 184 16,7 17,5
Public Utility
Power Plants 320 34 41 229 114 93 68 31 36 47 4] 50 48 10,7 93 9,9
Auto-Generation 70 45 47 71 61 61 62 70 68 67 7,3 6,7 7,6 77 75 7,6
Gas Coke 114 20 19 17 124 14 19 168 19 18 19 1,1 1,1 1.5 11 1,6
Public Utility
Power Plants o0 00 OO OO O OO0 OO O OO0 o040 00 0,0 0,0 00 00 0,0
Auto-Generation 11 20 19 17 12 14 19 168 19 18 19 1,1 1,1 1.5 11 1,6
Other Secondary
Sources 03 02 02 02 05 10 09 09 10 32 34 35 38 40 4,7 4.4
Public Utility
Power Plants o0 00 OO OO O 00 OO O0g OO0 o040 00 0,0 0,0 00 00 0,0
Auto-Generation 03 02 02 02 05 10 09 09 10 32 34 35 38 40 4,7 4.4
Uranium contained in
Oou2 00 59 122 05 35 22 64 81 52 63 16 0,2 9,1 8,7 114 11,8
Public Utility
Power Plants 00 59 122 05 39 22 66 81 52 63 1,6 0,2 9,1 8,71 114 11,8
Auto-Generation o0 00 OO OO0 O 00 OO O0g OO0 o040 00 0,0 0,0 00 00 0,0

Source: Minigtry of Minesand

Energy (1999).



TABLE 4 - Relative

Contribution to Electricity
Generation 1983-1998 (%)

Year
1083]1984[ 1985 1986 1987 | 1988 [ 1080 [ 1090 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998
Generation 100,0 100,d 100,0 100,d 100,00 100,0 100,0 100,0 100,0 1000 100d 1000 100,d 1000 1000 100,
Public Utility
Power Plants 940 947 952 947 946 948 951 947 947 9468 944 9468 944 938 939 937
Auto-Generation | 60 53 48 53 54 52 49 53 53 54 58 54 54 62 62 63
Hydro Plants 932 929 921 9,2 913 928 93 928 929 924 933 933 921 91,3 904§ 9.4
Public Utility
Power Plants 914 917 905 88§ 896 910 97 914 o918 91,3 920 921 99 898 892 89,1
Auto-Generation | 18 171 168 171 17 16 18 14 14 11 13 12 14 18 14 14
Thermal Plants 6d 710 79 o4 87 74 77 72 71 78 67 671 79 87 94 94
Public Utility
Power Plants 27 39 47 64 50 38 44 33 31 34 253 25 371 41 48 46
Auto-Generation | 41 371 32 38 37 33 33 39 40 42 42 42 43 a7 a4 4d
Natura Gas od od od od o0 od o1 o3 o3 o4 o2 o2 o4 o3 04 o4
Public Utility
Power Plants od od od od oo od o1 od o0 o0 o0 o0d od 00 00 o0d
Auto-Generation | 00 od 00 od 0o od od o3 03 o0 02 02 od 03 04 04
Steam Codl 1d 14 184 294 18 13 174 13 13 14 14 13 14 19 18 175
Public Utility
Power Plants 19 19 17 24 17 13 11 124 14 13 11 12 13 14 17 14
Auto-Generation | 01 01 01 o1 o1 o1 od od od o1 o1 o1 o1 01 01 07
Firewood 03 od o3 o3 o3 o3 o2 o3 o o3 o3 03 oF 02 02 02
Public Utility
Power Plants od od od od oo od og od o0 o0 o0 o0d od 00 00 o0d
Auto-Generation | 03 03 03 03 03 03 02 03 o024 03 03 03 04 02 02 02
Sugar Cane Bagasse 17 od od od o9 od o o8 o8 od o8 od od 124 13 172
Public Utility
Power Plants od od od od oo od og od o0 o0 o0 00 od 00 00 0d
Auto-Generation | 1,2 od o9 o9 o9 o9 o8 o8 o8 o9 o8 09 o9 12 13 12




Black Liquor o4 04 04 03 04 03 04 05 04 0,7 0,7 0,8 0,8 0,8 0,8 0,8
Public Utility
Power Plants 00 0 00 040 oO00 O00 00 00 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,d
Auto-Generation o4 04 04 03 04 03 04 05 04 0,7 0,7 0,8 0,8 0,8 0,8 0,8
Other Wastes o 08 05 04 08 08 0468 07 0,8 0,6 0,7 0,6 0,5 0,5 0,6 0,4
Public Utility
Power Plants o0 0 o0 o040 oO00 o040 00 00 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,d
Auto-Generation o 08 053 04 08 08 0468 07 0,8 0,6 0,7 0,6 0,5 0,5 0,6 0,4
Died Qil 07 07 07 09 14 12 10 09 0,8 0,9 0,8 0,8 1,1 1,1 1,3 1,4
Public Utility
Power Plants 06 05 068 07 12 11 09 07 0,7 0,8 0,7 0,7 1.0 0,8 1,1 1,3
Auto-Generation 024 02 01 04 02 02 01 02 0,2 0,1 0,1 0,1 0,1 0,2 0,3 0,3
Fud Qil 1.8 194 13 41 24 20 16 13 1,2 1,3 1,3 1,3 1,2 1,8 1,5 15
Public Utility
Power Plants 0§ 0§ 068 324 16 12 09 04 04 0,5 0,5 0,5 0,5 1,0 0,8 0,9
Auto-Generation 122 04 07 149 08 08 08 09 0,8 0,8 0,8 0,7 0,8 0,7 0,7 0,7
Gas Coke 024 03 03 04 02 02 02 02 0,2 0,2 0,2 0,1 0,1 0,1 0,1 0,1
Public Utility
Power Plants 00 0 o000 00 O00 o040 00 00 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,d
Auto-Generation 024 03 03 04 02 02 02 02 0,2 0,2 0,2 0,1 0,1 0,1 0,1 0,1
Other Secondary
Sources 00 0 o000 O o014 O34y 014 01 0,1 0,4 0,4 0,4 0,4 0,4 0,4 04
Public Utility
Power Plants 00 0 o000 00 00 o040 00 00 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,d
Auto-Generation 00 0 o000 OO0 o014 O013 01 01 0,1 04 04 0,4 0,4 0,4 0,4 04
Uranium contained in
Oou2 o0 09 17 01 oO05 03 08 10 0,6 0,7 0,2 0,0 0,9 0,8 1,0 1,0
Public Utility
Power Plants o 09 17 01 05 03 08 10 0,6 0,7 0,2 0,0 0,9 0,8 1,0 1,0
Auto-Generation 00 0 o000 0O 00 O00 00 00 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,d

Source: Minigtry of Minesand

Energy (1999).



TABLE 5 - Redative Contribution of Public
and Private Plantsto Electricity
Generation by Type of Plant 1983-1998

(%)
Year
1983|1984 | 1985|1986 | 1987|1988 | 1989 | 1990| 1991 | 1992 | 1993| 1994 | 1995 | 1996 | 1997 | 1998
Generation 100,0 100,g 100, 100,0 100,d 100,0 100,0 100,g 100,09 100,0 100,d 100,0 100,0 100,d 100,90 100,0
Public Utility
Power Plants 94,0 94,4 952 94,71 94,4 94,8 951 94,1 94,7 94,6 944 94,6 94,6 93, 93,8 93,7
Auto-Generation 60 53 48 53 54 52 49 53 53 54 54 54 54 624 62 63
Hydro Plants 100,0 100,d 100, 100,0 100,d 100,0 100,0 100, 100,90 100,0 100,d 100,0 100,0 100,g 100,90 100,0
Public Utility
Power Plants 98,0 98,7 98,3 98,1 98,1 98,2 98,2 985 985 98,8 98,4 98,7 98,6 984 984 98,3
Auto-Generation 20 14 17 19 19 18 18 15 15 12 14 13 14 14 14 17
Thermal Plants 100,0 100,g 100,0 100,0 100,d 100,0 100,0 100,g 100,09 100,0 100,d 100,0 100,0 100,d 100,90 100,0
Public Utility
Power Plants 39,1 484 589 633 574 51,9 56,7 454 44,2 44,2 36,9 37,0 47,1 46,5 49,2 49,0
Auto-Generation 60,9 51,2 41,1 36,7 42,4 481 433 54,4 558 558 63,1 630 529 535 508 51,0
Natural Gas na ng ng na ng 100,0 100,0 100,d 100,0 100,0 100,g 100,0 100,0 100,d 100,0 100,0
Public Utility a - a a -
Power Plants 100,0 10000 189 054 08 04 OO0 00 040 00 00
Auto-Generation na ng ng na ng 00 00 9872 995 99,2100, 100,0 100,0 100,J 100,0 100,0
Steam Coal 100,0 100,g 100,0 100,0 100,d 100,0 100,0 100,g 100,09 100,0 100,d 100,0 100,0 100,d 100,0 100,0
Public Utility
Power Plants 96,4 96,9 97,0 97,2 96,3 953 97,2 96,3 96,9 94,0 92,1 91,5 93,0 92,4 955 94,6
Auto-Generation 3 35 30 28 374 47 28 37 31 60 73 85 70 74 45 54
Firewood 100, 100,g 100, 100,0 100,d 100,0 100,0 100,g 100,09 100,0 100,d 100,0 100,0 100,d 100,90 100,0
Public Utility
Power Plants 024 02 35 52 54 44 13 00 00 OQ O OO OO0 040 00 00
Auto-Generation 99,8 99,4 96,5 94,8 94,4 95,6 98,7 100,d 100,0 100,0 100,d 100,0 100,0 100,q 100,0 100,0
Sugar Cane Bagasse | 100,0 100,d 100,0 100, 100,g 100, 100,0 100,d 100,0 100,0 100,d 100,0 100, 100, 100,9 100,0
Public Utility
Power Plants o0 0g 00 OO O OO OO O OO OO O OO 00 040 o009 00
Auto-Generation | 100,90 100,d 100,03 100,0 100,d 100,0 100, 100,g 100, 100,0 100,d 100,0 100,0 100,d 100,90 100,0




Black Liquor 100,0 100,d 100,0 100,0 100,d 100,0 100,0 100, 100,09 100,0 100,d 100,0 100,0 100,g 100,90 100,0
Public Utility
Power Plants 0o 0o0g 00 OO O OO OO O OO OO O OO 00 040 o009 00
Auto-Generation | 100,90 100,d 100,03 100,0 100,d 100,0 100, 100,g 100, 100,0 100,d 100,0 100,0 100,g 100,90 100,0
Other Wastes 100,0 100,g 100,0 100,0 100,d 100,0 100,0 100,g 100,09 100,0 100,d 100,0 100,0 100,d 100,90 100,0
Public Utility
Power Plants o0 0 00 OO O OO OO O OO OO O O 00 040 o009 o0p0
Auto-Generation | 100,0 100,d 100, 100,0 100,d 100,0 100,0 100,g 100,0 100,0 100,d 100,0 100,0 100,g 100,90 100,0
Died Qi 100, 100,g 100, 100,0 100,d 100,0 100,0 100,g 100,09 100,0 100,d 100,0 100,0 100,0 100,90 100,0
Public Utility
Power Plants 774 76,4 80,0 82,1 883 875 858 795 80,0 84,9 833 838 87,7 77,4 79,2 798
Auto-Generation 226 234 200 179 11,71 125 142 205 20,0 151 16,7 16,2 123 22,84 20,8 202
Fud Qil 100,0 100,g 100,0 100,0 100,d 100,0 100,0 100,g 100,09 100,0 100,d 100,0 100,0 100,d 100,0 100,0
Public Utility
Power Plants 315 429 46,9 76,2 650 605 525 304 350 41,1 36,1 42,8 389 582 554 56,6
Auto-Generation 68,59 57,1 53,1 23,8 350 395 475 69,4 650 589 639 57,2 61,1 41,8 44,6 434
Gas Coke 100, 100,g 100, 100,0 100,d 100,0 100,0 100,g 100,09 100,0 100,d 100,0 100,0 100,d 100,90 100,0
Public Utility
Power Plants 00 0og 00 OO O OO OO O OO OO O OO OO0 04 o040 00
Auto-Generation | 100,90 100,d 100, 100,0 100,d 100,0 100,04 100,g 100,0 100,0 100,d 100,0 100,0 100,g 100,90 100,0
Other Secondary
Sources 100,0 100,g 100, 100,0 100,d 100,0 100,0 100,g 100, 100,0 100,d 100,0 100,0 100,0 100,90 100,0
Public Utility
Power Plants 00 0o0g 00 OO OO OO OO O OO OO O O 00 04 o040 00
Auto-Generation | 100,90 100,d 100, 100,0 100,d 100,0 100, 100,g 100, 100,0 100,d 100,0 100,0 100,g 100,90 100,0
Uranium contained in a
Oou2 100,d 100,0 100, 100,d 100,90 100,0 100,d 100, 100,90 100,d 100,0 100,0 100,g 100,0 100,0
Public Utility a
Power Plants 100,d 100,0 100,0 100,d 100,90 100,0 100,d 100,04 100,90 100,d 100,0 100,0 100,g 100,0 100,0
Auto-Generation 4 00 00 OO0 OQ OO OQ O OO OO O 00 OO O04g oO00 00

Source: Minigtry of Mines and Energy (1999). na=type of

plant not available.



TABLE 6

Electric Power Sector: Installed

Capacity 1983-1998 (GJ/s)
Year
1983 | 1984 | 1985 | 1986 1987 1988 1989 1990 |1991|1992(1993|1994|1995|1996 (1997|1998
Installed Capacity 4037 4110 4411 4495 47,54 49,58 52,13 53,05 54,14| 55,05 56,29 57,63 59,12 61,53| 62,97 65,21
Public Utility Power
Plants 3720 3793 4087 41,64 44,24 46,27 4834 49,76 50,85 51,76 52,79 54,11 55,53 57,92( 59,19 61,31
Auto-Generation 317 317 329 329 3,30 331 3,29 329 329 329 347 352 359 361 382 390
Hydro Plants A1 3492 3708 37,79 40,33 42,23 4480 4554 46,62| 47,71 48,59 49,92 51,37 53,43| 54,89 56,76
Public Utility Power
Plants* 3359 3430 3649 37,16 39,69 4158 44,17 44,93 45,99 47,09 47,97 49,30 50,68 52,74| 53,99 55,86
Half of Itaipu
Plant 0,00 0,70 1,05 2,10 3,15 4,20 5,25 560 630 630 630 630 630 630 630 6230
Auto-Generation 0,62 0,62 0,62 0,62 0,64 0,65 0,62 0674 062 062 0624 062 069 069 090 090
Thermal Plants 6,19 6,17 6,37 6,51 6,58 6,69 6,61 684 687 668 697 705 710 744 743 7,79
Public Utility Power
Plants 364 3,63 371 3,85 391 4,03 4,01 417 4200 404 413 419 420 452 451 480
Auto-Generation 2,55 2,55 2,67 2,67 2,67 2,67 2,61 267 267 267 285 290 290 292 292 3,00
Nuclear Plants 0,00 0,00 0,66 0,66 0,66 0,66 0,66 0668 066 066 066 064 068 066 066 066

Source: Ministry of Mines and Energy (1999). * Includes half of Itaipu Plant from 1984 on.



TABLE 7

Relative Contribution to I nstalled
Capacity 1983-1998 (%)

Y ear
198319841985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 |1994 (1995|1996 | 1997 | 1998
Installed Capacity 100,00 100,00 100,00 100,00 10000 10000 100,00 10000 100,00 100,00 100,00 100,00 100,04 100,00 100,00 100,00
Public Utili
Power Plantsty 9215 9229 9254 926 930§ 9337 9369 9380 9393 9H403 9383 9389 9393 94,14 9393 HA4,02
Auto-Generation 789 7,74 746 7,34 6,Y4 6,63 6,31 6,20 6,07 5,97 617 6114 604 589 607 598
Hydro Plants 84,67 8499 8409 840 8479 8518 894 8583 8610 8667 8643 86674 8689 8684 87,19 87,04
Public Utili
Power PlantsScy 8313 8347 8269 8264 834 8383 8474 8470 8499 853 8537 8554 8574 85774 8573 8566
Half of Itaipu
Plant 000 170 238 4,61 6,62 847 1007 1054 1164 1144 1121 1093 106§ 1024 1000 966
Auto-Generation 154 151 141 1,39 134 130 1,20 1,18 1,15 1,13 114 108 114 112 143 133
Thermal Plants 1533 1502 144 1448 1387 1349 1280 1288 1269 1214 1240 1224 1204 1210 11,79 11,99
Public Utility
Power Plants 907 887 841 8,55 8,22 8,12 7,69 7,84 7,76 7,30 734 720 714 739 71§ 7,36
Auto-Generation 63] 620 604 5,93 5,60 538 511 5,02 4,97 4,84 50 503 491 479 464 459
Nuclear Plants 000 000 149 1,46 1,38 1,33 1,26 1,24 1,21 1,19 117 114 111 107 104 1,01

Source: Ministry of Mines and Energy (1999). * Includes haf of Itaipu Plant from

1984 on.



TABLE 8

Electricity Consumption

1983-1998 (PJ)

Y ear

1983|1984[1985(1986| 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 |1996| 1997|1998
1060, 1105,
Tota consumption* 5181 576, 624,83 6734 6939 7341 76468 7836 8113 8297 8682 8993 9533 9997 9 2
Energy Sector 181 205 224 229 230 2386 240 24,6 280 283 288 279 209 325 329 347
Residertial 1070 1113 1175 1287 1382 1459 1574 1752 1837 186,77 1931 2014 2289 24864 266,71 285,7
Commercial 603 637 6659 709 7371 763 81,0 85,8 87,1 934 98,71 1040 1162 1252 1374 1497
Public 46,2 488 51,8 539 56, 598 62,3 65,3 675 701 739 77,3 831 867 930 981
Agriculture 114 138 161 180 21,2 224 229 24,0 263 271 288 302 330 3B 389 418
Transportation** 3 40 41 472 43 43 47 43 39 43 43 42 44 41 41 4.2
Industrial 2711 3139 3464 3757 377,71 4012 4124 4044 4141 4197 4409 4542 4578 4671 4879 4910
Cement 88 84 8§ 108 101 100 10,1 10,6 111 103 107 114 118 132 155 16,3
Pig-iron and Stedl 339 40,71 445 477 487 516 539 46,0 465 483 520 539 51,71 514 514 5072
Ferro-dloys 119 137 150 179 183 209 23,3 224 23 270 259 229 227 248 224 190

Mining/Pdlletizatio
n 154 183 197 210 214 209 20,2 214 208 212 21§ 232 227 211 233 259

Non-ferrous/Other
Metas 4248 51,84 618 743 775 857 839 920 1009 10048 1024 1030 1028 1033 100,14 999
Chemical 36,1 408 473 469 450 470 46,6 479 464 486 524 538 535 544 574 573

Foodsand

Beveradges 270 330 349 352 331 348 34,3 37,2 384 398 421 432 458 491 519 545
Textiles 160 184 201 212 202 219 229 22,6 21 221 238 243 231 215 221 220
Paper and Pulp 205 21,3 239 24,7 245 260 281 27,7 3048 323 A7 3B 3HI 3BHF 382 393
Ceramics 61 62 68 80 7,7 75 78 6,6 6,3 6,2 6,5 6,8 72 78 93 97
Others 529 615 637 673 7.3 748 76,8 70,1 685 633 688 773 8L2 847 92 970

Source: Minigtry of Mines and Energy (1999). * Tota consumption=Fina Consumption=Fina Energy Consumption. **

Railroads.



TABLE9

Relative Participation in Electricity
Consumption by Sector 1983-1998 (%)

Y ear

1983|1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 |1997|1998
Total consumption* 1000 1000 1000 1000 1000 1000 1004 1000 1004 1004 1004 1004 1004 1004 1004 1000
Energy Sector 359 34 3,6 34 33 32 3,1 31 35 34 3,3 31 31 32 31 31
Residentia 207 193 188 191 199 199 204 224 228 225 22 224 240 249 251 259
Commercial 114 111 108 105 108 105 104 109 108 113 114 114 12,2 125 130 135
Public 89 85 8,3 79 8,1 81 8,1 83 8,3 85 85 8,6 8,7 87 88 89
Agriculture 22 24 2,6 2,7 30 3] 3,C 3] 3,2 33 3,3 34 35 39 37 38
Transportation** 07 07 0,7 04 06 0,6 0.4 05 05 05 05 05 05 04 04 04
Industrial 523 545 554 558 544 547 539 516 510 508 508 505 48,0 46,71 460 444
Cement 171 185 14 14 15 14 1,3 1,3 14 1,2 1,2 1,2 1,2 13 15 15
Pig-iron and Stedl 65 71 71 71 70 70 70 59 5,7 58 6,0 6,0 54 51 49 45
Ferro-dloys 23 24 24 2,7 2,6 28 3,C 29 28 3,3 3,0 25 24 25 21 17

Mining/Pdlletizatio
n 30 32 31 3] 31 28 2,6 2,7 25 26 25 26 24 21 22 23

Non-ferrous/Other
Metas 83 90 99 110 112 11,7 114 117 124 121 1. 114 10,8 103 94 90
Chemical 79 71 7,6 70 6,5 6,4 6,1 6,1 58 59 6,0 6,0 5,6 54 54 572

Foods and

Beveradges 52 57 54 5,2 4,8 47 45 47 48 48 48 48 48 49 49 49
Textiles 31 32 3,2 31 29 30 2,¢ 29 2,7 2,7 2,7 2,7 24 22 21 20
Paper and Pulp 40 37 38 3,7 35 35 3,1 35 38 39 40 39 3,7 39 368 36
Ceramics 12 11 11 12 11 10 10 038 08 03 0,7 0,8 0,8 08 09 09
Others 102 1074 1024 101 103 10,2 10,C 89 84 7.8 79 8,6 85 83 91 88§

Source: Minigtry of Mines and Energy (1999). * Total consumption=Fina Consumption=Final Energy Consumption. **

Railroads.



TABLE 10
Relative Participation in Industrial
Electricity Consumption 1983-1998 (%)

Year

1983(1984| 1985 | 1986 | 1987 | 1988 | 1989 | 1990 [1991|1992|1993|1994|1995|1996|1997|1998
Industrial Consumption 100, 1000 1004 1004 1000 1004 1000 1000 1000 1004 10040 1000 1004 1004 1000 1000
Cement 32 27 24 29 2,7 25 29 2 27 24 24 24 28 28 32 33
Pig-iron and Stedl 124 130 128 127 129 129 1314 114 11,2 115 114 119 11,3 110 10§ 102
Ferro-dloys 44 44 43 48 49 5,2 58 59 54 64 59 50 50 53 468 39
Mining/Pelletization 57 58 57 56 57 52 49 53 50 50 49 51 50 45 48 53

Non-ferrous/Other
Metals 158 1649 178 198 205 214 21§ 227 244 240 233 2271 224 221 205 203
Chemical 133 130 13,7 125 119 11,7 113 119 113 1149 119 118 11,4 11,74 11,7 11,7
Foods and Beveradgesy 99 105 101 94 88 81 83 92 93 95 95 95 100 105 104 11
Textiles 59 549 58 5,6 53 55 54 5 53 53 54 53 51 468 45 45
Paper and Pulp 748 638 6,9 6,6 6,5 6,5 6,3 68 74 71 79 71 74 71 78 80
Ceramics 23 20 20 2,1 20 19 19 14 15 15 15 15 18 17 19 20
Others 199 196 184 1804 189 18,71 18q 173 165 151 154 174 17,4 181 197 198

Source: Ministry of Mines and Energy

(1999).



TABLE 11

Brazilian CO, Emissions 1983-1996 (1000
metric tons of carbon)

Y ear

1983|1984 | 1985 | 1986 1987 | 1988 | 1989 [1990[19911992]1993|1994|1995| 1996

Per Capita 034 034 0,39 0,33 0,39 0,39 039 037 039 033 039 041 043 046

Total 44394 44428 47564 52509 550571 55443 56780 55299 58377 58702 61112 641974 68305 74610

Gas Fuels 924 1138 1363 1634 1812 1867 1994 2025 1981 2128 2324 2411 2587 2899

Liquid Fuds 33277 31769 32937 37128 38184 3864¢ 39784 39399 40880 42030 43776 46219 49131 53926

Solid Fuds 6526 7854 9518 058§ 10983 10857 10900 9751 11193 10758 11031 11484 12110 12184

Bunker Fuels 141§ 13127 1337 1155 1089 821 893 860 1076 1099 1304 1539 1569 1801

Gas Flaring 833 983 A1 718 615 62§ 577 614 5835 53§ 602 634 634 899
Cement

Manufacture 283§ 2685 2803 3440 3464 3445 3526 3509 3739 3251 3379 3444 3843 4703

Source: Marland, Boden, Andres, Brenkert & Johnston

(1999).



TABLE 12

Composition of Brazilian CO, Emissions 1983-1996 (%)

Year

1983|1984 1985 1986 1987 1988 1989 1990|1991 (1992|1993 |1994 | 1995|1996

Total 100, 100, 100,0 100,0 100,0 100,0 100, 1000 1004 100, 1000 1000 100,40 1000
Gas Fuds 21 26 29 31 33 34 34 37 34 34 38 38 38 39
Liquid Fuds 754 715 69,2 70,7 694 69,7 701 712 700 714 7148 720 719 723
Solid Fuds 14,90 17,1 20,0 18,3 199 194 192 178 1924 183 181 179 17,7 163
Bunker Fuels 32 30 28 2,2 20 15 1,6 1,6 1,8 19 21 24 23 24
Gas Haring 19 27 20 14 1, 1, 10 11 10 09 10 10 09 1,2
Cement Manufacturg 6,4 6,0 59 6,6 6,3 6,2 6,2 6,3 6,4 55 55 54 5,6 6,3

Source: Marland, Boden, Andres, Brenkert & Johnston (1999).



TABLE
13

Brazilian Sharein Central and South American CO, Emissions 1983-1996
(1000 metric tons of carbon)

Year

1983 1984 1985 1986 1987 1988 1989 1990 (1991(1992(1993|1994|1995|1996

Total 185 18,9 19,9 21,8 215 214 21,5 2084 208 199 194 199 2048 221

Gas Fudls 2,3 30 35 43 45 44 45 44 39 414 41 39 414 47

Liquid Fuds 20,1 19,6 20,2 224 21,7 219 22,1 215 21,3 201 21,0 209 227 237

Solid Fuds 40 48,2 51,1 51,2 54,2 52,2 49,2 465 5271 499 498 482 4749 476

Gas Flaring 9,1 11,3 11,2 94 78 83 88 93 99 81 75 71 74 105
Cement

Manufacture 31,2 289 289 324 30,2 29,6 31,3 303 319 272 274 257 294 341

Source: Marland, Boden, Andres, Brenkert & Johnston (1999).



TABLE 14

Top 20 Highest Fossil-
Fuel CO,-Emitting Countries (1996)

Country Emissions %Total
YUnited States of America 14467771 22,20
2|Peoples Republic of China 917997 14,08
3)Russia Federation 431090 6,61
4 Japan 318686 4,89
5/India 272212 4,18
6|Germany 235050 3,61
7|United Kingdom 152015 2,33
8 Canada 111723 1,71
9/Republic of Korea (South Korea) 111370 171
10/Italy 110052 1,69
11{Ukraine 108431 1,66
12|France (including Monaco) 98750 1,52
13Poland 97375 1,49
14Mexico 95007 1,44
15/Australia 83688 1,29
16|South Africa 79894 123
17|Brazil 74610 1,14
18/Saudi Arabia 73098 1,14
19|Ilamic Republic of Iran 72779 1,19
Democratic Peoples Republic of
20|K orea (North Korea) 69412 1,06
Total 20 Countries 4960020 76,1
Total All Countries 6518000 100,00

Source: Marland, Boden, Andres, Brenkert &
Johnston (1999)



TABLE 15

Proportion of Brazilian Total Emissons Related tothe
Electric Power Sector (%)

Y ear
1970 1980 1990 1996 | 1997
CO, 4 29 29 34 38
0O, 4,6 2,1 2,1 39 4,3
NO, 14 11 1 15 18
CH, 03 0,2 0,2 0,3 0,3

Source: Erber (1998)
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