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CURRENCY EQUIVALENTS

Currency Unit c Cruzeiro (Cr$)
US$1 = CR$50.75 (May 1, 1990)

Cr$1580 (February 27, 1992)

UNITS OF MEASURE

1 Metric Ton (m ton) - 1,000 Kilograms (kg)
1 Metric Ton (m ton) = 2,204 Pounds (lb)
1 Meter (m) = 3.28 Feet (ft)
1 Kilometer (km) = 0.62 Miles (mi)
1 Cubic Meter (m3) = 35.3 Cubic Feet (cu ft)
M4m3/d = Thousand cubic meters per day
MMm /d = Million cubic meters per day
boe = Barrel of oil equivalent
bpd, b/day = Barrels per day
BCM = Billion cubic meters
MBPD = Thousand barrels per day
MMBbl = Million barrels
CMD = Cubic meters per day
1 Barrel (Bbl) = 0.159 Cubic Meter
1 Barrel (Bbl) = 42 US Gallons
1 Metric Ton of Oil (API 300) = 7.19 Barrels
1 Kilocalorie (kcal) = 3.97 British Thermal Units (BTU)
1 Ton of Oil Equiv. (toe) = 10 Million kcal (39.7 mil. BTU)
kV (kilovolt) = 1,000 V (volts)
kW (kilowatt) = 1,000 W (watts)
kWh = kilowatt hour
1 Megawatt (MW) = 1,000 kilowatts
MWh = megawatt hour
1 Gigawatt (GW) = 1,000,000 kilowatts
GW . = gigawatt hour
1 Terawatt hour (TWh) = 1,000 gigawatt hours
1 Cubic Foot of Natural Gas = 950 BTU
1 Kilowatt-hour = 3,411 BTU
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I. A draft version of this report was Issued on May 9, 1990 and sent to
the new Brazilian administration, which had just taken office on March 1S, 1990.
The document was subsequently reviewed by the Brazilian authorities, and detailed
commuent were sent to the Bank in February l99l, after prolonged internal
discussions. A Bank mission, comprising Messrs. S. Ettinger and R. Bates,
discussed those co;maents with the Brazilian authorities on March 21, 1991.
Although some limited changes were subsequently made in the body of the text, the
Government a conments have been addressod primarily in this Forewcrd. The
Foreword alsc selectively updates information on the energy sector, to reflect
the situation at the time of the March discussions. The Energy Pricing and
Investment Study is being issued now in order to make the underlying analysis
available to a wider audience. We have not undertaken the massive task of
updating the text itself, as we believe that the substance of the report's
conclusions has not been significantly affected by developments since the May
1990 version.

Li. The overall philosophy and pollcy of tho present Governmnt -- for
example, as contained in the PresidentIs August 1991 discussion document, Brasil:
Um Projeto de Reconstruqfto Nacional' -- has been generally consistent with the
recommendations of the reports (a) improved fiscal responsibility; (b) public
sector investment and pricing based on economic criterial (ce carefully-targeted
subsidies to the poor; (d) a greater role for the private soctor; and (e) more
competition. The report's findings have also been largely reflected in the draft
Energy Xatrix, recently submitted to President Collor by the *Commission
Responsible for the Usexamination of the Energy Matrix "(CRRME).

ILL. We fully agree with the Brazilian authorities that several important
nfluences outsIde the energy sector have e3erted a profound effect on energy

policy, and constrained the Government-s actions, especially in the short term.
Among the more important of these influences were: (a) continuing high inflation;
(b) regional development policy; (c) the 1988 Brazilian constitution; (d) the
severe financsal difficulties faced by power companies in the Ntrth and North-
Zast; and (e) existing contracts with large energy consumers. The report
recognizes these constraints, but it also concludes that Government policies have
not always been well-suited to dealing with them, and that they are generally not
binding in the longer term. In particular, the report argues thats

(a) Low energy prices did not materially heip to combat
inflation; on the contrary, they increased the public
sector deficit, and hence, aggravated the inflation
problem, while simultaneously bringing the power seutor
to a financial crisis (paras. 1.34, 2.27 and 3.58);

(b) Uniform national energy prices are not an economically
efficient way to promote the Government's regional
strategy ((paras. 3.47, 3.61, 4.27, 5.19 and 6.14-6.15).
The resulting subsidies are not transparent; they
distort prices and demand, and thereby encourage
Inefficient energy consumption and discourage efficient
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energy prodw-ion in remote aras; and the
financial/economic flows are not even always in the
intended direction);

(c) Despite the constitutional monopoly of the State
(exercised by PETROBRAS) in most areas of the
hydrocarbon sector, more could be done already to
introduce private sector participation (paras. 2.6-2.7
and 2.29); furthermore, when the constitution is revised
(expected by 1993), particular attention should be given
to the monopoly of PETROBRAS and to the role of the
private sector (paras. 21 and 4.60); and

(d) The power companies of the North and North-Nast do not
benefit from their lower long-run marginal cost (LRMC)
of generation, because of the uniform national bulk
supply tariff; while they suffer from the uniform
national retail tariff, due to their higher distribution
costs (paras. 3.47, 3.56, 3.57 and 3.61.

iv. Given the inter-relatedness of the issues, it is essential to
Introduce a package of policy measures In the energy sector. not merely action
on energy pricing. The other key elements of the package, as identified in the
report, comprise: more private sector participation (paras. 20, 21 and 6.21)! a
strong and independent regulatory agency (paras. 18, 21 and 22)p less direct
Government control of the sector agencies (paras. 22 and 6.21); and continued
emphasis on least-cost planning and operation, to avoid passing on to consumers,
through higher prices, the inefficiencies of the electric power, alcohol and
petroleum sectors (paras. 11, 14, 16 and 6.22).

Enerav Pricina

v. The underlying methodology used In the report with regard to energy
priclng relies upon ZRMC as the appropriate reference point for pricing in
electricity supply and natural gas, which are generally national monopolles (at
the distribution end) and not traded (Sections 111.5.2 sad !V.5.5)1 and on
international (border) prices for petroleum products and alcohol, whlch are
tradeables (Sections rV.5.3 and IV.5.4). We do not agree with the view that LRNC
priaing per se L more cott-LnflatLng than other methods, as it tends to transmit
to other parts of the economy the LnefficiencLes of the electric power sector.
The problem of costs relates to the lack of competition or other incentives for
efficiency, not to the prlcing rule. In the long run, to the extent that LRMC
pricing promotes an efficlent pattern and growth of consumption, costs should be
lower than otherwise, not higher. Furthermore, the fact that the structure of
petroleum products, consumption and productlon in Brazil differs from the
international market does not lnvalldate the use of internatlonal prices. Of
course, we are not suggesting that Brazil should riqLdly follow short- term (e.g.
day-to-day) fluctuatlons ln internatLonal petroleum product prLets; and whlle an
alternatlve market to Rotterdam could be chosen, the results of the analysis --
for example regarding the prices of petroleum products and alcohol, and the
strong economic arguments ln favor of greater penetration of natural gas -- would
not alter. in particular, naphtha would stlll be shown to be one of the most
hea'J4y subsidized petroleum products (paras. 15 and 4.25).
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vi. We were informed that steps have recently been taken to introduce
limited price differentiation for petroleum products, to allow for differences
in transport and distribution costs from the "secondary bases." We also
recognize the Government's position that, in the longer term, the importance of
the issue may be reduced, if regional cost differences decline, as the
distribution system for petroleum products is improved, for example through a
more extensive network of product pipelines. our own judgement, however, is that
cost differences among secondary bases will remain sufficiently important that
they should be reflected in prices for a long time to come.

vii. In electricity aupply, the recent decisions to change the system of
uniform pricss by incorporating differences in distribution costs into prices is
an important firat stop.

viii. Extensive institutional changes have been made by the Government of
President Collor. Notably, the Ministry of Mines and Energy has been subsumed
within the Ministry of Infrastru,ture; while SE"W, IAA, CNP and CNN have ben
replaced or eliminatod. Nevertheless, we believe that these changes do not
affect the substance of the report's recommendations.

owe Sstrem Uxoansion Prooram

ix. The report strongly supports the continued investigation of a number
of alternatives for the expansion of the power system, consistent with least-cost
development (paras. 7, 11 and 3.21-3.26). According to information made
available to us in March, 1991, especially the latest investment program ("Plano
Decenal 1991-2WO," by the GCPS, undated), the power sector is takirg several
initiatives which are fully compatible with those recommendations: (a) no new
expenditures are projected for hydroelectric plants in the Amason or tua nuclear
power (beyond the possible completion of Angra II)l (b) efforts are underway to
devwelop projecte with neighboring countries, e.g., to import gas or gas-based
power from Bolivia and to interconnect with the power system in Argen:ina;l
(c) the amount of thermal plant may be increased, usitig domestic coal from open-
cast mining in the South, heavy fuel oil in S&o Paulo and Minas Gerais, and
natural gas, principally from Uruc¢ in the Amazon; and (d) cooperation with the
alcohol producers is being sought to increase the amount of power generation from
bagasse.

x* We fully recognize NLETROBMS' position that, under present cost
calculations, hydroelectric projects are the least-cost way of generating power,
notwithstanding transmission and environm*ntal costs. However, we continue to
urge the Brazilian authorities to consider the use of some imported as well as
domestic natural gas and coal for power generation, although we emphasize that
any development of coal-fired plant, whether using local or imported coal, would
have to make provision to reduce the pollution to an acceptable level, which
would impose a cost penalty on coal in the least-cost analysis. Of course, we
ret Kagnize that a reduction in the alcohol program, which would ensue if the

1 m~ wThe rmrent contfins that negotiations With Argentina and Boivia he bnt initiated for the Iport
of notural ga.
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pricing recommenO-,tions in this report were followed, would reduce the
availability of bag4ase for power generation.

11ectrigity Demand Pxreagt. mnrq Cneration and DEMOd Nanaomnot

xi. The report considers in detail, in Section XI1.2, demand forecasts
for the power sector, and attempts to estimate the impact of efficient pricing,
i.e., based on LMC. Given the substantial changes which have taken place in the
ILTROBBAS forecast, as a aormal part of revising its livestment program, we have
also made new denmuct forecasts, utilizings the more recent information, provided
by AI.TRODMAS, on the actual evolution of the power market, electricity tariffs
and GoP In 1989 and 19901 and the same figures for future GDP growth as
BLETROBRAS. The assumptions regarding future GDP growth are ir. Table 1 below;
the new forecasts are in Table 2, which replaces Table 111.4 in the report; and
paras. xiii-xiv discuss the results, replacing Section ISS.2.2 and para. 3.60 in
the report. It should be noted that ELETROSMS does not accept the Bank I a demand
forecasts.

xli. The "Business as Usual" (BAl) scenario assumes that the tariff
structure is unaltered and remains at the 1990 level, in real terms. In the
tfficient Pricing Scenario" (BPS), residential and rural electricity tariffs are
brought into line with LBMC by 1995, implying increases of 157% and 185%
respectively. Industrial and commercial tariffs are increased by s8% and 37%,
to reach LRMC by 1992. According to the scenarios, the impact of these very
substantial price Increases is (not surprisingly) significant, rladucing
electricity demand by nearly 29% under BPS compared with BAU in 1'39S and 2000.

5sbel I

AhemnAvle Fotecm Semarha

Coavan 1990 Rdica Reach level of LRMC by: Impich
1992 for inmdtlulad

and¢ 0nonasmm.
GDP
owth rate 1M91:2% Sam as RAU Sam as RAU

192:4%
1993-1994:5.5%
1995-2000:6.0%

The BLUTROBRAS forecast is between the BAU and BPS scenarios, being 6.2% lower
than those of 8AU in 1995; and 7.8% lower by 2000. These results confirm that
the new BLMTROBRAS forecast makes some (implicit) allowance for price increases
in real terms (apparently to an average level of US$54/MWh, expressed in prices
of July, 1989, as agreed between the Government and the Bank, as compared to
$71/XWh estimated LRMC used in the BPS scenario); and for energy conservation
under PROCRL. We infer that the implementation schedule or the lagged effect of
price increases (or both) may be longer in the BLBTRODRAS model; and the long-run
price elasticity is lower.



xiii. The difference of nearly 29% betwen the MPS and UW forecasts, by
2000, oonf4rms the repcrte czonclusions that there is a orucial role for
efficient pricing la enokgy omservetIon and demand mnagement. Indeed, the
reportI a earlier calcuolation of potential apt 'ngs of 10-15% by 2000, attributable
to *fficLent pricing (pars. 3.60), may actually be conservative?. of course,
all thre foecaste ar dubject to a range of unertatntles, e.g., concernLng the
OPP growth rate and the prioe - elasticity of demand. nevertheless, even
recognising. thi and the iterative relationship between price, demand and LBZC
(para. 3.14 of the report), we judge that a detemined move to LPKC prcLing, in
level as well as structure, could out deand by at least 20% from the SAO
forecast in Table 2 by the year 2000. A reduction of 20% correepodAs to annual
eavine of US$2.8 billie for 1991-2000, assuming maintenance of the system load
factor at 70% and valuing the cost per kW saved at US$200O; which exceeds the
result in pWa. 3.60 (i.e., a range of U781.2-1.8 bIllioa on a comparable baois).
Having Incorporated some of the prl effect of tariff increases in its demand
forecsot, BLT-RAR is allo'sIng for aearly one-third of these savings, i.e.,
aboet US$0.9 billion por year for 1991-2000. Compard with the investment
program undeflying the demand forecast in our May 1990 draft, discussed in para.
3.29, 1LTR08R&5 Is now assuming a drop of USS1.5-2.0 billion per year, a
substantial sum, although the difference ls due to slower GODP growth as well as

1blLZ

Alternative Oemad Forecasto, 1991-2000

1980 198 1988 1989 199Q 1991 1992 1993 1994 199S 2000 1980 9

ELETROERAS
wesfdential 23.2 32.7 40.6 43.7 47.9 50.0 52.9 56.1 59.5 62.9 83.0 7.5X 5.6X 5.7%
indautrfal 61.6 79.7 99.5 102.8 99.8 108.3 115.1 122.3 129.2 134.8 180.4 S.0% 6.2% 6.0X
others 29.5 40.9 48.6 50.5 52.8 55.3 58.5 61.5 64.9 68.4 88.4 6.0% 5.3X 5.3X
total 114.3 153.3 188.7 197.0 200.5 213.6 226.5 239.9 253.6 266.1 351.8 5.8X 5.8% 5.?%

ALTUNTIVES
UAU
Residential 47.9 47.9 50.S 53.3 56.4 59.8 83.4 4.5% 6.9%

Inutrial 99.a 113.7 127.4 141.3 155.2 164.9 218.4 10.6" S.8
Others 52.8 54.1 55.3 56.5 57.7 58.9 79.6 2.2% 6.2%
Total 200.5 215.7 233.2 251.1 269.3 283.6 381.4 7.2% 6.1%

'PS
Residential 47.9 47.4 49.4 51.6 53.9 56.4 76.4 3,3% 6.3%

industrial 99.8 101.1 96.6 95.1 95.8 98.3 130.9 -0.3% 5.9X
Other 52.8 49.6 44.5 45.8 4.8 48.0 64.0 -1.9X 5.92
total 200.5 198.1 190.5 192.5 196.5 202.7 271.3 0.2% 6.0%

2 tn pars. 3.13 of the report, the caqwprison mau mde betbeen tb EPS and ELETROSRAS forecasts, to deiuc
the fawoct of efftefent preing, since the ELETROSRAS forecast exeoeded that of BAL. The ElETRUR forcecst
now lncluds en ipltielt alloance for price increases, so the relevant caqarsen is betwn th EPS end LW
forecasts.
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higher tariffs. Our revised results more than confirm these in section i1.2.-.
and pars. 3.60, and we therefore repeat the recommendations of paras. 3.14-3.15,
thats (a) ELETRODRAS incorporate explicit analysis of alternative price effects
in its studies of future electricity demand; and (b) electricity tariffs need to
be a4justed to keep the level as well as the structure in line with LRMC in real
terms, for financial as well as economic reasons.

xiv. The report calculates the delivered 1R.C of ethanol at US$53.20 on
avorage for Draxtl, compared with an equivalent gasoline cost of about US$25 per
barrel, based on export value, or about US$30 per barrel, based on import value.
By definition, LRMC includes a capital cost component, to represent the
replacement of the capital investment in the alcohol distilleries in the long
term. At the request of the Esrazillian authorities, we have examined the effect
of excluding all "sunk" costs from the calculatLon, and of including provision
for productivity gains and the economic value of by-products. An estimate of the
economic cost of alcohol production, using shadow pricing of all inputs, was made
in 1988. by Ser&o da Hotta and da Rocha Ferreira. 3 Their lowest-cost result,
based on the variable costs of an annexed distillery in Sio Paulo, yields a
comparable dellvered cost of US$48 per barrel, in March 1989 prices. Even
allowing for "substantial gaLns in agricultural and industrial productlvity, and
to compensate for the revenues gained from the respective by-products," the
cooparable dellvered cost falls only to US$41 per barrel in Sao Paulo; and it
would still be as high as US$57 per barrel in the North/North-East. The former
figure L close to that of another estimate based on assumptions which are
highly-favorable towards the alcohol program. 4 Hence, exclusion of "sunk" costs
from the economic cost of alcohol would not alter our recommendations for alcohol
pricing (paras. 4.56-4.59).

xv. Paras. 4.56 and 6.20 of the report point out that we were not able
to evaluate the envlronmental JApllcations of our proposale for alcohol. We
therefore recommended (paras. 18 and 6.28) that investigations be carried out
into these "downstream" effects, as well as 'upstream" impacts on the ougar
industry. We emphasize this point again here. In particular, one of our
sconarios includes the reduction of the proportion of alcohol in gasohol from 22%
to 12% (paras. 4.7 and 4.57). While the analysis that has been carried out in
the context of the CRRME confirmed the technical feasibllity of supplying gasohol
wlth an alcohol content as low as 10%, it La necessary to allow for the
environmental impact of such a reduction, taking into account national standards
for vehicle emlsslons.

Crude Oil sunnlv and Cost

xvi. PETROBRAS provided us with its revised Investment program and the
corresponding production of crude oil (Table 3). The revised program is

3 RoJmido Seamo de Motta and Uo do Rocho Ferreira, "The Brazilian lationol Alcohol Prograume, En
_ffomi.s Juty 1988.

4 lorld ank, "Brail: Pubtic Expenditure, Subsidy Policies and Budgetary Reform", Reot llo. 773-Bm
Decerw 15, 1969, whIch also excludes "mutk capital costs and refers to distilleries in the South-East.
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P1rojecons of Crude Oil Productlon and fte
PE~ROBRAS Investment Program, 1991.20Pl'

Oil Production
(million b/d) PEMROBRAS

Bank InetetProgram
PE1ROBRS Searioi AC do hi11in)

1991 700 770 2.3
1992 740 850 2.9
1993 780 930 3.4
1994 850 1020 3.9
1995 1000 llS 4.5

2000 170 n.a.

Notes: n.a. not available

Bank Scenaio BC is an average of Scenarios BB and CC from Anne= IV.8

equivalent to US$3.4 billion per year on average, of which roughly US$2.4 billion
per year in for exploration and development 5 ; if anything, it is more ambitious
than the range of US$1.9-3.5 billion, which the report judged to be high relative
to past achievements (paras. 14 and 4.60) (the range being a function of the
growth rate of demand and the degree of oil self-sufficiency which the Government
wishes to achieve). Nevertheless, we have attempted to assess the likelihood
that these production targets might be achieved, in light of the report's
analysis. An investment of US$2.4 billion per year for exploration and
development would lie between our scenarios BB and CC (see para. 8, Annex Mv).
Taking the average production from these two scenarios (Annex rV.8) gives the
intermediate Bank production scenarlo shown in Table 3, whlch we term "Bank
Scenrio 9C." 6 Even accepting the PETROBRAS scenario of lower productlon than
the Bank Scenario BC in the perlod to 1995, our analyosi suggests that crude
production is unlikely to be much more than 1300 million barrels per day by 2000,
in contrast to 1700 milllon barrels per day assumed by PETROBRAS.

xvii. The report estimates the average incremental cost of BrasillAn crude
oil production at about US$25 per barrel, in 1988 prices (para. 4.13). PSTROBRAS
believeo the cost to be lower, mainly in lLght of the expected large Lncreasse
in reserves from the Marlim and Albacora fields. In particular, PUTROBRAS
expects the reserves-to-productLon ratlo to improve so that, in PUTEOBIAS vLew,
the use of historical ratios to predict future production is too conservative.
Reportedly, studLes on future oil cost now under way in PETROMY suggest an

S PEThOSi, Petrolew Prodactfon Goal In Brazit", Deprtmto de Produpo, Septae r 1990, p.3 .

6 We reard Sceario BC as optimistic regarding crude oil prodction, to the extent that the PETRORM
prm is clotser to the lover figure assumed by scenario 99 (US$2.3 billion) thn to CC (US$3 billion).
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incremental cost of US$15-20 per barrel. Unfortunately, we were not provided
details on these studies, so we have no basis for revising our original
calculation. PETROBRAS also expressed the judgement that there is a national
securi'y argument for domestic crude production, to provide some buffer against
unforeseen adverse Lnternatlonal developments ln the oil market. Such a vlew is
not unusual, but there is no evidence that the polLcy is cost-effectlves a
strategLc petroleum reserve, for example, could be bullt up whlle LnternatLonal
crude prices are relatively low.

Natural Oas SH%M1

xvlli. Table 4 presents more recent lnformatLon on future natural gas
productLon, provlded to us by PETROBRAS, corresponding to the investment program
in Table 3. According to PETROBRAS, natural gas production could exceed 80
million n3 per day by 2000. We show also ln Table 4, as ln para. xvll, an
intermedLate "Bank Scenarlo BC," which represents an average gas productlon from
scenarlos BB and CC, ln Annex IV.8. Natural gas productLon s oessentlally
identLcal under the PETROBRAS and BC scenarios up to 1994, after which they
diverge sharply, and gas production ln the latter would attaln less than half the
PUTROBRAS level in 2000, i.e., a little over 40 million an per day. The reason
for the dLvergence is almost entlrely explalned by PETROBRAS' assumed discovery
of a non-associated gas field after 1995, amounting to 35 milllon n3 per day.
Our best entimate is that, to antlcipate such a discovery, PETROBRAS would need
to set aside additional investment funds, perhaps ln the order of US$1.5-2.0
billion, i.o., about US$0.5 billion p.a. in the period 1995-2000. No such
investment program appears to be planned.

xix. The report underscores (para. 1S of the Executive Summary) the
advantages of natural gas and the case for expanding its use (SectLon IV.5.5).
We suggest, inter alla, exploring further the optlon of importLag gas, e.g., from
Jolivia or Argentina (para. 4.37), and we are pleased that the Brazilian
Governmnet and PSTRODRAS have now agreed in princlple to import natural gas from
Bolivia. The Brazillan authorities stated the vlew that the volume of gas to
which Brazil would have to commit itself in the case of Argentina would be too
large for the market in the South; while the cost of bringLng lt to the South-
East would be too high. Furthermore, Brazil would face a conslderable riLk in
also entering lnto a contract with Argentina at this time, as there is promise
that signlfLcant reserves of gas may be found wlthln Brazil, e.g., at Campos,
Santos and the Bacla de Parant, which are closer to the important markets in the
South and South-East. We are pleased that further study of the import options
is planned.

xx. The report has benefitted substantially from our dialogue with the
Brazilian authorities over an extended period of time. We hope that lt has
contributed to the GovernmentIs difficult task of formulating energy policy; and
that, in conjunction with the recently-completed Energy Matrix and wlth proposals
being developed in Brazil for restructurlng the power sector, it provides a basis
for future discussLons on energy pollcy within and between the World Bank and the
Brazilian Government. We especially welcomes (a) the renewed attention now being
given to the expansion of natural gas supply, and look towards the rapid
resolution of any remailning institutional obstacles between the States, the
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Table 4

Projecdions of Natural Gas Production, 1991-200
Mllion m3 per day)

PETROBRAS Bank
Assodated Non-Associated Total Grand Scenario BC

Existing New Existing New Existng New Total Total

1991 n.a. n.a. n.a. n.a. n.a. n.a. 19 25
1992 n.a. n.a. n.a. n.a. n.a. n.a. 26 28
1993 n.a. n.a. n.a. n.a. n.a. n.a. 31 32
1994 n.a. n.a. n.a. n.a. n.a. n.a. 34 35

S199 24 2 12 6 36 8 44 37

2000 24 12 12 35 36 47 83 41

Notes: n.a. - Not available

Bank Scenario BC is an average of Scenarios BB and CC from Annex IV.8.

private sector and PZTROBR&S; (b) the contlnued focus on environmental Lisues;
and (c) the progress boing made to reduce the intervention of the Federal
Government in the energy sector and to encourage greater participation by the
private sector. Among other things, we continue to urge that progress be made
with regard to the level and structure of electricity tariffs, including the
recognition of regLonal coat differences; and that policy towards the alcohol
program fully recognLze its economic costs, after an objective quantificatLon of
the net environmental benefits. These changes, along with the other
recommendations in the report, would provide the foundations for a stronger
energy policy in Brazll, which could be supported by the World Bank, through its
lending program.
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This report is based mainly on the findings of a mission which visited Brazil in
April-May, 1989. The mLssion consisted oft R. Dates (Mission Leader, LAlSI),
L. Gutierrez (Energy Economist, LATIE), C. Khelil (Petroleum Specialist, LATIE),
J. Larrieu (Power Engineer, LAlEI), T. Joyce (Gas Specialist, Consultant) and A.
Rodrigues (Enerrj Sconomist, Consultant). The following also contributed to the
reports T. Markus and M. Sheehan (Petroleum Finances, L&lIN), C. Veles
(Electricity Tariffs, LAlIN) , J. Vietti. (Electricity Finances, LAiD!), G. Bodely
(Petroleum Transport, Consultant), and P. Motoke (Petroleum Taxes, Consultant).
Messrs. T. Byer (OEDD2) and M. Munasinghe (ENVPR) were the Peer Reviewers. some
limited updating of the information took place during subsequent operational
missions, carried out by R. Bates in July and October, 1989. A new forward was
prepared and some minor updating introduced following a mission, consisting of
S. Ettinger and R. Bates, which discussed a draft version of the report with the
Brazilian authorities in March 1991.
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This study identifies three central iscue in the energy sector in
Brazil, namelys (i) inefficient resource allocation, because prices do not
reflect economic costs, and investment programs deviate from least-cost
solutions; (ii) fiscal and financial problems, caused by inadequate pricing,
taxation and investment policies; and (iii) income distribution, in both regional
and individual turms. Environmental issues, which raise concerns far beyond the
energy sector and merit separate study, are given only limited consideration in
this report, mainly in tne context of the electricity investment program.

The study finds that, while the electricity sector made progress in
implementing a tariff structure based on long-run marginal cost (LRMC), the low
tariff level discouraged energy conservation and over-stimulated demand and
investment. The resulting economic subsidies to consumers were some USS5.4
billion in 1989. In contrast, the domestic price level for liquid fuels was
generally at or above border parity, but the structure of petroleum product
prices was distorted, leading to economic subsidies of US$1.1 billion to
consumers in 1989. Naturai gas found it hard to compete with subsidized fuels,
despite its low cost and environmental advantages. The price of alcohol has been
close to its LRMC, but a substantial implicit economic subsidy of US$1.8 billion
in 1989 arises out of the difference between alcohol's LRJC and the economic cost
of gasoline, a close substitute. In terms of investment, Brazil's goal of
greater independence in energy supply led to (a) a nuclear power prog-am, which
has produced virtually no electricity, despite massive investments; (b)
continuation and expansion of the high-cost alcohol program; and (c) relative
neglect of transmission and distribution investments.

The low level of electricity prices destroyed the power sector's
self-financing capability, and forced the Government to contribute increasing
resources (reaching US$6 billion in 1987) from its own over-stretched budget.
While petroleum contributed US$1.6-3.4 billion annually to public sector revenues
in the 1980s, delayed price adjustments and the need to cross-subsidize alcohol
and other petroleum products caused the sector's financial situation to
deteriorate and undermined its tax-raising potential. In addition, by giving
insufficient support to private sector participation, Government policy, combined
with the inadequate legal and institutional framework, deprived the energy sector
of a potentially significant source of investment financing.

Uniform national energy prices are inappropriate for promoting
regional development, income distribution and political obiectives, because of
the resource misallocation which results. Wasteful energy consumption is
encouraged, .while regions are deprived of the incentive to exploit comparative
advantage. Personal income distribution objectives were pursued by providing
residential electricity, and liquified petroleum gas (LPG) at subsidized prices,
but most of the subsidies (which amounted to US$2.S billion and US$0.6 billion
respectively in 1989) probably did not reach the poor.

The study's key policy recommendations are for the Government to
(a) ensure that energy prices reflect economic costs, in level as well as
structure; and (b) establish the conditions and framework for the minimization
of costs. In particular, the price of alcohol should be set equal to or above
that of gasoline, in terms of energy equivalence, including all taxes;
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alternatively, a free market should be established in alcohol. Regional energy
prices should reflect regional differences in production, transport and
distribution costs. To address the basic needs of the poor, energy pricing
should be targeted more efficiertly. The size of the first block of residential
electricity consumption should be increased from 30 to 50 kWh per month, and sold
at a subsidized rate, with all subsequent residential consumption charged at
leaet at LRMC. LPG, however, should be sold at its economic cost, as it is
difficult in practice to target consumption to the poor. Adjustments in energy
prices over time must be made with sufficient frequency to safeguard the
financial health of the soctor enterprises; and an increase in the tax rates on
petroleum products, alcohol and natural gas is recommended. To further support
energy conservation efforts in the longer term, steps are required to
(i) encourage more competition in SraziliaL. industry, (ii) reduce market
imperfections related to the lack of information on energy eff$icency savings and
the availability of financing for energy conservation, and (iii) as stated above,
reduce cost in the public sector.

We further recommend a sharp reduction in Governuent intervention in
the energy sector, in favor of a greater role for competition and private
participation. Such a role can be expected to support cost-reduction efforts in
the public sector.

Energy investment programs need to be more sharply directed towards
least-cost solutions, by giving further attention to thermal alternatives to
domestic hydroelectric power generation, in particular domestic and imported coal
and natural gas; and imported hydroelectricity. Further investment in domestic
crude oil production is supported, provided that ongoing efforts to cut costs,
through inter aLaJJ the upgrading of PETROBRAS' costing system, are vigorously
pursued.

To assist with the implementation of the study's recommendations in
the longer term, we propose studies related tot (i) ELETROBRAS' planning
methodology; (ii) the development of PETROBRAS' profit centers; (iii) the effecto
of reducing the alcohol program; (iv) the scope for improving petroleum
legislation, to attract more private sector participation; and (v) the fiscal
potential for taxing petroleum products, alcohol and natural gas.

Although the issues, findings and recommendations of the study are
discussed in the context of the energy sector, they are relevant to the Sank's
broader concerns of public sector reform, the scope for privatization and private
sector participation, and the impact of the legal and institutional framework on
economic incentives. A secondary area of focus is poverty reduction, both in
terms of regional income distribution and the better targeting of subsidies
towards the lowest-income groups.
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EXE£LJVE SUMMARY

Introduction: The E nrav Prolem

1. The central conclusion of this study is that there has been a serious
failure on the part of Government energy policy to maintain the level and
structure of energ prices in line with economic costs. The consequences have
been profounds energy demand was overstimulated, while operating aad investment
outlays were higher than necessary. The financial situation of the sector
deteriorated, and it became incapable of mobilizing the resources necessary for
Its development, which in turn imposed an increasing burden on the Government's
fiscal resources. The underlying forces which led to this crisis have beent
(a) the quest for greater energy self-sufficiency, without sufficient regard for
the economic costs; (b) the subordination of energy policy to short-run efforts
at price stabilization, despite the adverse repercussions on the energy sector
enterprises end on the rate of inflation itself in the longer term; and (c) the
pursuit of social and regional goals through inefficient financial and economic
subsidies.

2. While these broad social and economic concerns are properly matters
for the Government to decide, after weighing the costs and benefits, the impact
on the energy sector was extremely serious. This, in turn, aggravated Brazil's
macroeconomic problems, through higher public investment and debt and through a
larger public sector deficit. Now is the time for a determined application of
economic pricing and investment policies in the energy sector. These policies
should be coupled with institutional changes, in terms of a more clearly defined
and leS interventionist government role, an adequate regulatory framework, and
increased private sector participation. Brazil has relatively abundant energy
reso-rcest they need to be husbanded more effectively. The Energy matrix,
recently completed under the auspices of the Ministry of Xnfrastructure, in
conjunction with this Report, should provide the basis for a continued dialogue
on energy strategy for Brazil.

The oriains of the Problems A Diaonogie

3. A key need of Brazil's macroeconomic policy is to reduce the overall
public sector deficit. The energy sector has exerted a major claim on scarce
public sector resources, and accounts for a significant share of total
investment. The peak in energy investment occurred in 1981-1983, following the
second oil price shock of 1979, and the implementation of a national strategy for
greater energy self-sufficiency. At that time, the energy sector was absorbing
20% of all investment in Brazil and over 4% of GDP. Energy investment declined
thereafter, but it has still b"en averaging around 15% of total investment. In
addition, PETROBRAS and the ELETROBRAS group account for about 12% of the total
external debt of the public sector, due to the direct and indirect needs for
foreign exchange to implement their heavy investment programs.

4. The significant claims of the energy sector on the Brazilian economy
were a function of the steady growth in energy demand, which closely tracked but
grew faster than GDP over the past decade. Stimulated by inefficient pricing and
substitution policies, the energy intensity of commercial energy coniumption in
general and electricity consumption in particular climbed significantly from 1970



- xiv -

to 1987, while most developed countries were beginning to reduce the intensity
of energy consumption.

5. Prior to 1978, the electricity sector enjoyed a long period of robust
financial performance. But as the real average tariff fell thereafter, and the
financial needs of the sector grew, electricity's claims on the public sector
budget increased, from US$400 million per year on average in 1977-1982, to US$2
billion per year from 1983 to 1985, US$5 billion in 1986 and US$6 billion in
1987. It has fallen since then only because sector investments have dropped
precipitously. Still, more than half the combined deficit of all public sector
enterprises during the last five years was due to the electricity sector.
Neither has the petroleum sector escaped. Revenues (after sales tax), net
profits, and investment levels all declined after 1986. However, the price level
of petroleum products was maintained at a more reasonable level than electricity,
so that the hydrocarbons sector as a whole contributed US$1.6 to US$3.4 billion
annually to the revenues of the public sector during the past decade.
Nevertheless, while PETROBRAS generated substantial tax revenues for the public
sector, the average tax on the retail price of petroleum products is low compared
with other countries, although it rose from less than 10% in the early 1980s to
nearly 20% after implementation of the new constitution.

6. The costs of inefficient energy pricing policies are magnified when
account is taken of the offects of the financial and economic subsidies
necessitated by the alcohol program. Approximately US$836 million appears in the
1988 budget under costs related to sugar and alcohol, but the figure does not
capture the sacrifice of tax revenues brought about by the loss of gasoline
sales, which were replaced by alcohol. We estimate the economic loss
attributable to the alcohol program in 1988 to be about US$1.8 billion.

7. Investment programs were not governed fully by least-cost principles.
Thermal options, such as natural gas, imported coal and bagasse, were relatively
neglected, while investment in alcohol, domestic coal and nuclear power departed
seriously from least-cost planning. The nuclear power program has produced
virtually no electricity, despite investments of several billion dollars, and
there has bean controversy over its safety as well.1

8. In the petroleum sector, distortious in the price structure fostered
an increased consumption of alcohol, diesel and LPG; Brazil embarked on a policy
of manufacturing alcohol vehiclesl greater dieselization of the truck fleet was
stimulated; and increased imports of LPG were encouraged, not only for
residential cooking but also clandestinely to displace gasoline in vehicles. Low
fuel oil and LPG prices made it difficult for natural gas to compete; and the
greater consumption of diesel and alcohol necessitated, on the one hand, refinery
investments to increase the yield of diesel, and on the other, the search for
suitable export markets in which to sell the growing surpluses of gasoline
production over consumption.

The Secretaria do Assuntos Estrategicos rejects the report's conclusion an nuclear po#er, arguing that
the nucletr power program Is justiffied not siiply an the basis of power generation but also on strategic
grounds.
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a Program for ActLons Nlectricitv

9. The critical financial position of the electricity octor, ln
conjuLnction with the growing demand for electricity, underlines the importance
of implemnting rational pricfrg policies. The excellent work now under way on
applying a tariff structure based on long-run marginal cost (LRnC) should
continuse unabated. Simultaneously, the level of electricity prlces should be
brought at least into line wlth economic costs, to ensure a sound financial
situation and proper demand management practices. 2 Tariff adjustments must
occur with sufficient frequency to safeguard the sector's financial health. An
increase in the average tariff billed to US$55S/XWh (ln September 1989 priees),
represents a minimum acceptable financial target for the near future. It is
also consistent with LRMC pricing, if taxes are increased to at least 30%,
provided that inflation subsides, so that the effective tarlff received by
ELETROBRAS approaches the LRMC of US$71/lWh. Particularly large incrasoos are
needed for residential consumers, who pay loes than half the LWWC. The consumers
who have benefitted most from the subsidies were not lower-income groups. The
poor could be protected by extending the size of the first resldential
consumption block, which enjoys a subsidized rate, from 30 kWh to 50 kWh per
month.

10. Full LRiC prliing could cut total electricity consumption by 10-15%
by the year 2000.4 It would entail price increases (compared with September
1989) of 32% for industrial consumers; 3% for commercial; and 124% for
residential. The ensuing drop in system capacity requirements in the year 2000
would be between 6,500 MW and 13,600 KW, resulting in savings of US$1.0 to US$2.5
billion per year (compared with ELETROBRAS' investnient program of some US$7
billion per year).

I1. our numbers are preliminary. we recommend strengthening 3L3TRn3a8X
planning methodology, especially to deal more rlgorously with risk and
uncertainty. In demand forecastlng, better simulation of alternative prlcing,
demand and taxation scenarios and energy conservatlon and the implled effect on
energy demand and LRMC, are needed. GDP scenarios should be made consistent with
those of PETRDBRAS. Better methodologies are also needed on the supply side, to
deal with alternative reliability standards and the optimization of transmission
and distribution systems. In terms of generation, internatlonal hydroelectric
schemes need continued investigatlon. Thermal complementarity is a controversial
question, but natural gas for power generation, coal imports and bagasse warrant
examination as alternatives. Flnally, the investment program needs to give
adequate attentlon to transmisslon and distribution; improvements are already
occurring in that directicn.

a ue note that the Depertaumoto de Abestechnento e Precos contimnus to urderline the fmportance of
natfonal development ar unents and the absence of campetifton In setting electrfcity prices.

s A tarfff of USS55/KUh expressed In the prices of September 1989, corresponds to USS5U/MA fn prices
of July 1989. The tatter was identified as an appropriate financial target for the electricity sector in
Jamary 1990 negotiations between the Goverrment and the Bank. In SepteeAer 1991 prices, the equivalent figure
Is about USS6?/MA, due to rest appreciation of the cruzeiro over 1989-91. Further studies of the adequacy of
this Level are needed.

4 These fiures reflect the anlaysts in the main text. Updated estimates are In parse. xiI-xiII of the
Foreword.
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A Proram fo, Actlon: Petroleum and Alcohol

12. Economic prlcing of alcohol, petroleu products nd natural gap ia
needed to foster eff'cient inter-fuel substitution, assist in financing the
expected investment requirements in the hydrocarbons sector and reduce crude oil
imports. The required pricing and investment decisions are part of a complex of
policy issues concerning: the t.xation of petroleum products; the alcohol
program; the quest for greater seLf-sufficioncy in crude supply; and greater
priv'Ate sector participation in hfrdrocarbons development.

13. Annual investments by PETROBRAB are likely to be US$1.9-3.5 billion
to tie year 2000, according to the degree of self-sufficiency waich the
Goverimnent wishes to achieve. This range is generally above PETROBRAS average
einc 1983 (US$2 billion). We believe that further investment by Brazil in its
dome.tic crude oil production is justified, provided that parallel efforts are
made to cut costs, given the narrow margin between the cost of imports and
dom8stic crude at existing and projected international price levels.

14. While the impact of economic pricing on the demand for petroleum
products would not be as high as in the case of electricity supply, because
OrLzil has maintained an average price level for petroleum products generally at
or above the economic cost, we believe that there could bhe nemad cut of St by
the year 2000, which would eventually translate into annual cost savings of
US$0.3 billion. The suggested price increases for individual products over March
19&9, ares 73% for LPG, 40% for fuel oil, 22% for kerosene, and 300% for naphtha.
We estimate that subsidies of US$1.1 "billion p.a. would be eliminated. We are
not persuaded by the social argument for subsidizing LPG. Higher-income families
typically receive larger subsidies than lower-income families. at the same time,
the low paice of LPG encourages clandestine use in vehicles, and discourages the
use of chaper natural gas. Economic pricing also means reducing the price
differential between diesel and gasoline. Natural gas would be priced on the
basis of the opportunity cost of substitutes, in thermal equivalence, which would
provide stronger market incentives to expand its use, given the high netback
values we have identified and attractive environmental features. As in the case
of electricity, Frice adjustments must take place frequently enough to ensure the
financial health of the petroleum sector.

15. Thc policy changes which we recoammud for alcohol require difficult
and politically sensitive decisions, but substantial resources could be saved by
reducing the huge implicit economic subsidy now enjoyed by alcohol. The average
retail price of alcohol reflects its LRMC, but the production cost '.e double its
present opportunity value as a substitute for gasoline. We recommend settin the
alcobol price equal to or above that of gasoline, including all taxes and in
tems of thermal equivalence, which would effectively eliminate the demand for
new alcohol cars.5 subsidies to alcohol would continue but decline part pasau
with the rundown of tho alcohol fleet, as it ages. The subsidies would no
longer, however, be hidden within the energy sector: they would become
transparent. An alternative approa4h is to eliminate altogether subsidies on
alcohol as a fuel, by establishing a free market, which is consistent with the
fact that production is in the hands of the private sector. The price of alcohol
would rime in the short term, and to accommodate concerns over fairness, the

G If not, tho alcohol price shoutd be ratoe further or a tax penalty Introduced on altchol vhicles, dL*
to the h1gher economic cost of alcohol coappred with asoline.
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Government could instead subsidize part of the cost of converting alcohol care
to gasohol, using some of the savings in subsidies on alcohol an a fuel.

16. Projections of the effect of our recommendations on alcohol subsidies
depend on the dynamics of the LRMC for alcohol, as the production level and
regional pattern change; and on the movement in international oil prices. Using
the World Bsank's oil price projections and assuming no change in the LRMC of
alcohol production, if the sales of new alcohol cars cease after 1990, the
implicit alcohol subsidy could fall by US$1.5 billion p.a. by the year 2000,
compared with the present level of US$1.86 billion, and US$2.7 billion p.a.,
compared with the level which would otherwise obtain, which could translate into
higher tax revenues for the public sector. These proposais on alcohol pricing
would reverse the decline in gaeoline sales and increase tax revenues. We also
recommnd an lierease in the rate of tax on petroleum products and alcohol: the
amount of the increase depends on macroeconomic judgements beyond our scope, but
our estimated price elasticities for petroleum products are low enough, in both
the1 short- and long-run, to permit significant additional tax revenues.

17. Several important studies are needed to assist with the
implementation of the above recommendations and to lay the basis for further
change. First, PITROBRAS' efforts to develop profit centers and to upgrade its
costing system will provide a better basis to evaluate alternative policies
regarding domestic crude exploration and production, including ways of remaining
competitive in the face of uncertainties in the international oil price, given
the relatively narvow cost advantage which domestic crude now enjoys. They will
yield more detailed and accurate figures for the economic cost of natural gas and
petroleum products. Second, to improve the analysis of different policy options,
updated information is needed on the LRMC of alcohol, taking into account
possible improvements in productivity, a more efficient allocation of output
between producers in different regions, and the expanded use of bagasse for
electricity cogeneration. The "upstream" impacts on the sugar industry and
"downstream" offecto on the automobile manufacturers and the environment also
need to be examined. Third, further work is needed on the fiscal potential for
taxing petroleum products, alcohol and natural gas, recognizing demand
elasticities and the financial implications for PETROBRAS. The results of these
studies will provide vital inputs to a general evaluation of the demand and
supply balance for petroleum prc'Jucts, alcohol and natural gas, incorporating the
optimization of refinery operAtions, and covering alternative: domestic pricing
and taxation scenarios; international oj.l price assumptions; investment levels
for PETROBRASt and domestic crude supply.

Institutional Chanpe: Privatlsation and Intearated Planning

18. The actions recommended above on energy pricing should be
complemented by institutional changes, notably increased participation by the
private sector is energy su"ply, the establishment of an independent regulatory
process which would operate according to clearly defined and transparent
principles, less intervention by non-13ct.oral agencies, and a more restricted
role for MMR (now part of the Ministry of Infrastructure--MOZ).

19. The 1988 constitution restricts the range of alternatives available
to Brazil to permit private sector investment in petroleum. The ownership and
exploitation of oil and gas reserves has been vested exclusively in the Federal
Government, and MSTROBRAS is barred from entering into new risk contracts with
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foreign companies for the exploration of either oil or gas. The impact of the
new constitution on the electric power and coal subsectors ls, however, less
restrictive. Aside from the arguments in favor of private sector participation
to increasw. efficiency, the sheer volume of future investmet in the eneg
sector will secoesitate a search for alternative sources of fiYacing and
oweroship.

20. Ia oil and gas, the GovernAeut should sacnurage greater private
sector participation in the areas of PEMRORAS which ara not protected by its
moopoly (e.g. subsidiaries) and encourage the maximum pri,ate participation in
State-level gas companies, such as COMGAS. Furthermore, although we fully
recognize that any amendments to the Constitution are the prerogative of the
legislature, when the constitution is revised, we suggest that particular
attention should be given to the monopoly of PETROBRAS and the role of the
private sector. In electricity supply distribution, private participation at the
State level also of fere scope for tapping new sources of capital. A variety of
ownership and financing models exist to permit private participation in
generation, inchading cogeneration, for example using bagasse in the sugar
industry, and cwncession contracts for entire isolated system8 and for thermal
and small hydroelectric plants. Legislation is needed to give more active
support to such options.

21. The application of economic pr:lcing across the energy sector implies
replacing price control by the Ministry of Economy with clear rules administered
by an independent regulatory agency. T'his would make a major contribution
towards the creation of a regulatory environment to foster private initiatives.
It would also improve energy planning, as decisions would be taken on a more
cohereu.t basis. Brazil starts from a relatively favorable position, in that
oversightJ for all the commercial fuels is centralized within (01, except for
alcohol. This exception need not create difficulties if, as we suggest, alcohol
is forced to compete fully with its substitutes on the market, notably gasoline.
The broader strategic and political decisions relevant to the future role of
alcohol wlthin the sugar industry would then, correctly, be iailated from the
energy sector. Raising the prices of all petroleum products to, at least, their
economic costs also implies a greatly changed role for CNP. Government's main
activity would be *auditing" the proper application of this pricing policy at the
ex-refinery level; and the regulation of PETROBRAS as a transporter of natural
gas, crude oil and petroleum products. In conjunction with the elimination of
uniform national energy pricing (para. 25), competition among distributors can
be lsft to determine retail prices.

22. The role oi NOE needs better definition and should be less
Lnterventionist. MOl would concentrate on establishing and maintaining the
overall policy framework; ensuring the application of a consistent planning
methodology in the publicly-owned parts of the energy sector; helping manage the
reduction of public and promoting more private involvemen-g coordinating energy
sector policies with other Ministries; and prvviding informational support to the
pu.lic and private energy firms.

Xnerav Conservation: the Imnortance of Pricino

23. Brazil has evolaid a plethora of energy conservation programs. Even
the most promising, PROCEL, has a limited chance of success without concomitant
action on energy pricing. The Government should also tackle directly a variety
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of markoet isperfctions, includlng the ipediments to industrial competition, as
they have reduced incentives to conserve energy. Efficient pricing and energy
conservation require tariffs whioh reflect the level as well as the structure of
economic costs. We believe that action on pricing and dealing directly wlth
market LmperfectLons are more appropriate for energy conservation than programs
which may compound exLetLag market imperfections. Of course, efforts to reduce
losses ln production and Lmprove the utlllzatlon of energy by the public sector,
and to inform the prlvate sector about the energy costs of alternatlve
investments, are justifiable; and externalitLes (such as environmental impacts)
may have to be dealt with in speclal cases with non-price actLon, although even
hero costs external to the sector can often be "internalLsed".

24. Finally, Brazil's policy of uniform national onergy pricing, and the
cross-subsLdizatLon which ensues, promotes wasteful energy consumptLon and
distorts patterns of development away from activitles that would exploit r"gional
comparatlve advantage (e.g. developmeent of local and regional enrgy sources,
such as natural gas, biomass, coal and minihydro), and promotes uneconomic
development of the Amason and other remote areas. Local prlvate initLatLves, ln
partLcular, are discouraged. Regional unlform tariffs have also been a serious
financLal handicap ln the case of electrLeity supply, since the tarLff
equalLsatLon scheme combLned with the non-functionLng of the mechanism for
compensating the lesa/unprofitable power campanies, has helped bring the sector
to a financLal criLLs.
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AN OVERYIEW QF THE ENERGY SECTOR

I.*1 INTRDUCION.

1.1 The objective of this study is to propose a strategy for the
cozmercial energy sector in Brazil, which could be supported by the World Bank
through its program of lending and, as appropriate, further economic and sector
work. In so doing, we have identified a number of key issues, on the basis of
an analysis of the recent past, the present situation, and alternative
projections of possible resource requirements in the medium-term future, i.e.,
1990-2000. Finding waye to tackle these issues effectively, within a realistic
time horizon, lies at the heart of our st2ategy. We propose that this report,
in conjunction with the Energy Matrix, which has recently been completed by the
Brazilian authorities (see para. IL of the Foreward), provide the basis for an
early discussion of energy strategy in Brazil, between the Brazilian authorities
and the World Bank, and in the World Bank itself.

1.2 The importance of an effective energy strategy can be seen in light
of the absolute size and rate of growth of commercial energy demand in Brazil.
In 1980, Brazil's primary commercial energy consumption was the third highest
among developing countries. Since then, commercial energy consumption has grown
at more than 4% p.a., significantly above the average for upper middle-income
developing countries. In terms of resource allocation, commercial energy
investment accounted for 16% of total investment In the 1980. and 3% of GDP
(Table I.5). The reeource mobilization impact was commensurate: in 1987, the
power sector alone accounted for more than half the public sector deficit,
equivalent to 1.3% of GDP. The study focusses on the main areas of commercial
energyt electric power, petroleum products, alcohol and natural gas. Coal is
relatively unimportant as a fuel and plays a minor part in our discussion.

1.3 The level and structure of enern prices are central elements in any
energy strategy. Working through demand and investment, they determine not only
the physical allocation of resources to the enargy sector as a whole and to the
various subsectors. They also govern the extent to which financial resources are
mobilized by the sector enterprises, or through the Government's budget, on their
behalf. Decreases in real energy prices in the 19805 had a major impact on
resource mobilization, contributing to the substantial net flow of financial
resources from the Government to the electricity sector, and to the recent
deterioration in the financial performance of the petroleum sector.

1.4 nstitutiousa issuO also are fundamental and are examLned,
especially as they relate to the pricing and investment framework. The
consistent application of economically efficient pricing across the energy sector
is a prerequisite for an adequate regulatory environment, which would foster
greater private participation in the energy sector. It would also bring about
loss Government interference in decision-taking in the energy sector and promote
more integrated energy planning.

1.5 The high priority of onviromental issues warrants their treatment
in a separate study. Their resolution also needs to be addressed in a wider
context than the energy sector alone. We have included them only in our analysis
of power investment planning, although the closely related topic of energy
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conservation and demand maagement -- which has direct and indirect environmental
benefits -- is treated in detail.

1.6 A major complicatlon in preparing this report arose from the effect
of inflation and movements in the official exchange rate. Annex 1.1 shows the
price indices and exchange rates that we have used in our analy"'is. They exhibit
a rapidly eacalating rate of inflation and (with the excepticon of 1983-1985) an
almost constant decline in the real exchange rate since 1974, undermining
intertemporal comparisons. Particular caution is required in comparing prices,
costs, investments and borrowings, even when expressed in USS terms.
Prescriptions for ;he future face continued uncercainties over the possible
course of inflation, its level and rate of change. Nevertheless, we believe that
our main conclusions and recommendations hold with regard to the energy sector
strategy which the new Government will need to articulate, as part of its broader
macroeconomic policy, if it is to make a successful assault on the problem of the
public sector deficit and inflation.

1.7 The plan of the report is straightforward. The remainder of Chapter
I provides necessary background on supply and demand in the energy sector; and
establishes the main linkages between the energy sector and the economy. Chapter
_I analyzes the institutional structure of the energy sector, particularly
regarding pricing, energy planning and private sector participation. Chapters
III and IV identify the pricing and investment issues in electricity supply and
in petroleum products, alcohol and natural gas respectively, based on concepts
of economic cost and opportunity value. Chapter V brings together our energy
supply and demand analysis, through the particular question of energy
conservation and demand management. Finally, Chapter VI summarizes the Report's
conclusions, in terms of the key issues, a strategy to deal with them and some
proposals for further action.

I.a 2 SUPPLY AM DZMD

1.2.1 EnemXg Resources

1.8 Brazil is relatively well-endowed with energy resources, both
renewable and non-renewable (see Annex 1.2). The economic costs, however, have
increased, due to a variety of factors, which are discussed in this report.
Notably, the long-run marginal costs of both domestic hydroelectricity and
hydroca -bons, which have assumed a dominant role in Brazil's energy matrix, are
rising as the best opportunities are exploited. Constraints and costs have also
been introduced, to deal more effectively with environmental and resettlement
questions.

1.9 The principal renewable energy supplies are hydroelectric power and
biomass. Most of the hydroelectric potential outside of the northern part of the
country, has been developed. For the future, the greatest hydroelectric
potential is in the north of Brazil, notably in the Amazon region. The two major
sources of biomass are sugar cane, yielding bagasse and alcohol, and fuelwood.
While better utilization of bagasse for energy purposes is warranted and
supported in this report, we argue against the continued large-scale production
of alcohol as a gasoline substitute, due to its relatively high economic cost.
Brazil's fuelwood base has been seriously eroded, and the main existing forestry
resource is the Amazon (see map of natural vegetation). The scope for developing
the Amazon for energy purposes is severely restricted, for economic as well as
onvironmental reasons.
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1.10 Brazil'I chief potential in "a-renewable energ is in oil, ga, coal
and uranium. The country has been successful in finding sad developing both oil
and natural gas, principally off-shore in the South-East part of the country,
although the Amazon region holds promise. Much of the natural gas is associated
with oil, e.g., in the Campos basin, but non-associated gas exists in several
areas, such as the Santos fLold, off-shore from the State of Sao Paulo. Coal is
located in the South (see map of principal coal deposits), but is not
economically attractive, with high sulphur and ash content. As far as uranium
is concerned, we see no role in the foreseeable future, given the costs and
safety aspect. that are involved with nuclear power.

1.2.2 Primary Enerav

1.11 Data on primary energy production and consumption in Brazil, for
1970-1987, are in Annexes 1.3 and 1.4 respectively. Primary energy consumption
increased by 5.3% p.a. from 1970 to 1987. Primary energy production expanded
more rapidly, at 5.6% p.a., indicating a slight decline in Brazil's relative
dependence on imported energy. The percentage of total energy demand imported
increased from 24% in 1970 to 37% in 1979, declined to 16% in 1985, and then rose
to 21% in 1987.

1.12 In terms of composition, Annex 1.3 shows that the ii.crease in primary
energy production during the 19708 was provided mainly by hydropower and, to a
lesser extent, coal and sugar cane. Between 1980 and 1987, the contribution of
petroleum and sugar cane increased dramatically, although hydropower continued
to meet a substantial part of the growth in energy demand. The relative shares
of the different energy sources in final primary energy consumption are detailed
in Annex I.4 and summarized in Table I.1, with respect to 1970, 1978 (just prior
to the second oil price shock) and 1987, the latest year for which data are
available from the National Energy Balance.

1.13 Although imported energy as a whole declined only slightly relative
to total energy demand after 1970, as mentioned above, dependence on petroleum
fell markedly. Petroleum imports repre3ented 67% of petroleum consumption in
1970. After reaching a peak of 85% in 1979, the degree of dependence on imported
petroleum had fallen to 46% by 1987. In absolute terms, petroleum imports were
340 thousand bpd in 1970, reached a peak of nearly 1 million bpd in 1979, and
fell to a little under 500,000 bpd in 1987. Diversification of the source of
petroleum imports has also occurred, with dependence on the Middle East falling
from over 90% in 1979 to 80% in 1987.

1.2.3 Sectoral Rner=v Consumotion

1.14 The evolution of final energy consumption by sector in Brazil, over
1970-1987, is portrayed graphically in Figs. 2.1 and 1.2. These graphs reveal
important structural shifts which were taking place in the Brazilian economy,
away from primary activities towards the industrial and service sectors. Most
apparent is the large increase in the industrial and (to a lesser extent) the
commercial components, along with sharp drops in the shares of residential and
agricultural consumption. By 1987, aside from the consumption of the energy
sector itself (8.8%), the main consuming sectors weres industry (42.6%),
transport (19.9%), residential (16.5%) and agriculture (4.9%). The data for 1987
are in Table 1.2.
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A. Tho IiAUstrial Sector

1.15 The structure of industrial energy consumption has undergone a
complete transformation since the first oil price shock. In 1970, electricity,
fuel oil and wood accounted for over 70% of industrial energy consumption, very
roughly in equal proportions. By 1987, electricity had come to dominate, with
nearly half the total; while the rest was fairly evenly distributed between wood,
bagasse, fuel cil, coal and charcoal, at close to 10% each. In the case of
electricity and fuel oil, the inter-fuel substitution resulted from the relative
price effect, am preferential electricity tariffs were offered to certain
industrial consumers.

Sectoral Energy Consumption
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cme ion by Seg=or 1987

S. The Transnor Sector

1.16 Almot half the petroleum
products and over 90% of all alcohol ~2~ 6
ame consumed in the transport sector. 
Government policies aimed at
substituting imported gasoline by
domestic ethanol and, to a lesser4
extent, the relatLvely low diesel M
price comared with gasoline (se __
Chapter IV), have resulted in a high
level of penetration of ethawtol in the
transport sector and caused gasoline consumption to fall from 1S.6 billion liters
in 1979 to 9.1 billion in 1988. Diesel oil conaumption increased steadily, from
12 billion liters in 197S to over 24 billion in 1988, as a result of both the
rapid growth of the road transport industry and the dieselization of part of the
truck fleet (Annexes I.S and I.6). As discussed in Chapter IV, the two trends
combined have led to a costly imbalance in the consumption and refinery profiles
of petroleum products, forcing Brazil to refine imported crude oil for internal
diesel oil consumption and to export gasoline in large quantities (Annex 1.7).

1.17 The importance of alcohol in Brazil's energy matrix -- and indeed its
worldwide interest, due to its unique scale -- warrants further discussion here
of the National Alcohol Program, known as PROALCOOL (Pr-grama Nacional do
Alcool). Launched in 1975, with the object of encouraging the production of fuel
alcohol to assist in reducing Brazil's dependence on petroleum imports, PROALCOOL
has been remarkably successful in expanding alcohol consumption (see Table
I.3).1 0Sme US$7 billion were invested in the Program up to the end of 1987
(Table I.5). The Bank supported PROALCOOL under the Alcohol I Project (Loan
1989-BR), with US$250 million financing, in April 1981. While the target was
originally to expand capacity to 14.3 billion liters by 1989/1990, both through
new distilleries and expansion of existing plants, the boom in alcohol demand in
1986, during the Cruzado Plan, led to an urgent decision to increase capacity.
By December 1987, 661 projects to install or expand alcohol distilleries were
approved by CENAL, amounting to a potential productive capacity of 16 billion
liters. This capaclty was divided equally between annexed and autonomous
distilleries and was only utilized to the extent of 63% in 1987. over 52% of the
investment in distillation is in the State of Sao Paulo.

Nuch of the Informtion In this section on er,zftis alcohol program Is from the Mortd B3eks U&gr
Ssector RovTW Report No. 7589-9R, dated Na, 1989.
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in blends with gasoline (anhydrous), au a petrochemical substitute, and in other
tradltional uses (potable alcohol, perumes, etc.). By far the greatest demand
for ethanol is as a fuel, accounting for 93% of total ethanol consumption (Table
Z.3)j and most of the fuel alcohol consumption (83%) consists of hydrous ethanol,
used in ethanol-powered cars. Anhydrous ethanol, which is mixed with gasoline
in gasohol-powered cars, accounts for the remaining 17% of total fuel alcohol
consumtion. Anhydrous ethanol consumption, like gasoline, has shown a declining
trend.

1.*19 Ethanol demand was stimulated by attractive official pricing policies
and tax advantages for the purchase of ethanol-powered vehicles (Chapter rv).
Theue vehicle have dominated new car sales since 1983, accounting for over 904
of all passenger cars (Annex I.8). We estimate that the size of the fleet of
passenger care, pickups and vans at the end of 1988 was 11.3 million vehicles,
of which one-third was alcohol poweredt 65% was driven on gasoholJ while 2% was
diesel. For the gasohol vehicles1 anhydrou gasoline is blended with gasoline
to the level of 22% and Brazilian car-makers adapted automobiles to this level,
both to save on gasoline imports and to enhance the octane rating of domestic
gasoline. Gasohol engines can run on a lower mixture of alcohol and in March
1989, to cope with shortages of al¢cohol and to decrease gasoline exports, the
Government authorised a reduction in the mix to 18%. The nix was further reduced
to 12% in January 1990.

C, Teesenaleto

1.20 The importance of electricity in the total energy consumption of the
residential sector has grown as significantly as in the industrial sector, from
10% in 1970 to 44% in 1987. Electricity is typically used for lighting and
electric appliances, notably refrigerators, televfisions and radios. The
principal competition from other energy sources arises mainly in cookXing,
lighting and (to a much smaller extent) water heating, where fuelwood (including
charcoal) and LPG continue to be important, accounting for 38% and 17% of the
residential market resepectively. Town gas and kerosnen account for the residual



of 1%. The importance of LPG is actually greater than these numbers would imply,
if allowance is made for its superior efficiency in use over wood. Furthermore,
the LPG market has grown steadily since 1970, encouraged by uneconomic pricing,
tripling its share of the market by 1987. The fuelwood share dropped
continuously, meanwhile, from 820 to 38%. Penetration of town gas has largely
been confined to Rio de Janeiro and Sao Paulo. The rapid growth in LPG usage has
caused problems in supply, leading to substantial imports of this expensive
petroleum product.2 In 1988, PBTROBRS imported over 2 million . of LPG at a
cost in excess of US$140 million. Some LPG was certainly used illegally as a
substitute for gasoline.

D. Tha Agarcultural Sector

1.21 The evolution of energy consumption in the agricultural sector has
illustrated a history of rapid growth in diesel oil usage (13 % p.a. from 1970),
from 7% of consumption in 1970 to 41% in 1987, and contraction in wood, from 91%
to 36% over the same period. Electricity has also grown substantially, to
account for nearly all of the balance of 23% in 1987. Lying behind these
powerful movements towards commercial energy consumption and away from
traditional energy forms has been the modernization of the agricultural sector,
encouraged by Goverrment policy, leading to mechanization and the concomitant
expansion in diesel tractors and in pumps. Over and above the direct consumption
of energy in the agricultural sector, there has of course been a parallel
extension of demand for fertilizers, especially since 1970, which led to a
substantial indirect use of energy.

I.3 ENERGY AND THE ECONOMY

1.22 The growth in energy consumption in Brazil has closely tracked GDP
growth for the last two decades, with a correlation coefficient of 0.99 between
the two growth rates. Total energy consumption grew at an average rate of 6.4
X p.a. during the 1970-79 period, while GDP grew at 7.6 % p.a., giving a ratio
of 0.85 between the two growth rates.3 Between 1980 and 1987, dEhspite a
temporary fall in energy consumption after 1979, due to a drop in GDP, energy
consumption and GDP on average increased at 4.0 % and 3.3 % p.a. respectively,
with a consequent increase in the ratio to 1.2. Figure I.3 below shows
graphically the close relationship between the rates of growth of real GDP and
energy consumption since 1970. This tendency for the ratio between the two
growth rates to increase when GDP growth slows has been observed elsewhere,
suggesting that energy consumption is lese responsive, in the short and medium
term, to the downside of economic performance.

2 The LPG pricing issue Is discussed ln Chapter IV.

The ratio Is often termed "the elasticity of energy consuaption with respect to GDP," but It Is simpty
a statistical relationship, obtained by dividing the growth rate of the former by the growth rate of the latter.
It Is not to be confused with the income aelasticity of energy dgmed, shich is estieated In section 1.4, taking
into eccount price as well as incorm.
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Real GDP and Energy Consunptlon
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1.23
Table 1.4 compares Brazils energy consumption with a number of developing and
developed countries, in terms of selected indicators, using World Bank data.
Brazil has experienced a rapid growth rate of energy consumption but energy
consumption relative to GNP, while generally higher in Brazil than in the
developed economies of Europe and North America, remains considerably lower than
a selection of other developing countries. The growth rate of energy consumption
as a ratio of the growth rate of GDP is substantially higher in Brazil than in
the developed countries shown in Table 1.4, but comparable with or lower than
other countries in Latin America, with the exception of Mexico.

I * 4 1300M) AND PRTC$ ELASTICITIES

1.24 The estimated short-run and long-run price and income elasticities
of demand for each main non-fuelwood energy product are presented in Annex I.9,
as part of our discussion of energy demand forecasts and methodology. These
results play an important role throughout this study, especially in the work on
petroleum and electricity demand forecasting in Chapters III and IV and in the
discussion of energy conservation in Chapter V. The statistical analysis showed
relatively inelastic demands with respect to both price and income changes for
most fuels in the short run. However, the long-run elasticities are substantially
higher and, indeed, demand becomes income-elastic for nearly all fuels as time
is allowed for consumers to adjust.

1.25 The importance of prices for inter-fuel substitution is also shown
in Annex 1.9 by the decline in the price elasticities with the level of
aggregation: i.e. energy demand as a whole is less price elastic than the
individual fuel components because of substitution. The demands for LPG,
kerosene, diesel, natural gas, and residential and commercial electricity are not
very sensitive to price variations, indicating a moderate effect on demand and
significant revenue effects as prices are adjusted upwards, which has
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implications for taxation policy.4 Alcohol and gasoline, of course, are close
substitutes, at least in the longer run, which explains the higher price
elasticitiesF and industrial electrLcity demand in Brazil is the most price-
elastic of all the fuels in the long term, indicating a rapid and effective
response of industry to relative price changes.

1.26 Practically all the individual fuels are sensitive to income
variations in the long run. LPG, like charcoal, is well regarded as a cooking
fuel in Brazil, even among the higher-income groups.5 Similarly, there is
evidence that the demand for diesel oil ia income elastic, because the pattern
of consumption of goods diversifies as incomes grow, through the import of
commodities from other geographical regions by truck.

1.27 The history of the Brazilien energy sector during the last two
decades has manifested clearly these price and income elasticities in operation.
The importance of income reveals itself in the close link between energy demand
and macroeconomic growth, identifled in Section 1.3. The fact that energy demand
is also responsive to changes in the relative prices of alternative fuels is the
main explanation for the striking success of the Government policy, described in
Section 1.6, in inducing the substitution of domestic hydroelectricity for
imported oil; alcohol for gasoline; and, more recently, natural gas for fuel oil
and other energy forms. For example, Brazil's success in modulating its load
curve by implementing a tariff structure based on long-run marginal cost (LRMC)
is attributable to the high price elasticity of industrial electricity demad.
Two facets of that pricing policy have came to be known as tae "tarifa
hora-saxonal" (THS) and the program of substitution of electricity for fuel oil,
called EGTD (Energia Garantida por Tempo Determinado). The THS, desigied chiefly
to reduce peak load, helped to achieve a system load factor higher than 70
percents and the program was so successful that -- coupled with the problems
related to regulation of river flows in the Brazilian hydroelectric system and
the slowdown in investmaint in generating capacity -- the power system shifted
from one characterized by capacity shortages to one of energy shortages (paras.
3.38.3.39). The EGTD program, based on a concessional tariff, also contributed
to energy shortagess consumption under the program expanded rapidly from 0.7 TWh
in 1982 to 12 TWh in 1985 (i.e., 13 percent of total industrial demand).

T thee elasticities are preliminary. Further work Is needed on cross-prico elastIcities.

Uhl te the price and incoma elasticities for fuelood were not calculated, It can be noted that the share
of charcoat in the totat crsumAption of energy has Increased since 1970, in contrast with firecood, AiIch has
steadily dropped.
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1.28 frho Pulic sector de£1ci and thexternl. det were major concerns
of the Federal Government during the 1980 and continue to date macroeconoic
policy at the opening of the 1990s: the formrx was a driving force behind
inf lation and the latter represented a continuing commltment of foreign exchange.
Financing the resource requirements of the energy sector aggravated these
concerns. Brazil I public enterprisese as a group accounted for a large part of
the public sector I oparatLonal def icit during the last five years. For the
period 1983-1987, the deficit of the Federal public enterprises averaged 2.2% of
GDP, representing 1716 of their operating revenues and 70% of their inve0tment.
The deficit was financed primarily by Government transfers and subsidies (two-
thirds of the total) and by the accumulation of additional debt, largely short-
term.6 More than half the deficit was due to the electricity sector (1.3% of
CDP), while the petroleum sector contributed a modest surplus.

1.29 The preceding data do not take into account the full effects of the
f inencial and economic subsidies necessitated by the alcohol progra-, much of
which escapee the govermaent's budget.7 approximately U8S836 million appear
in the 1988 budget under costs related to ougar and alcohol, with the bulk of

Dxeedr,319 .
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this expenditure being for credit operations, financing the purchase of sugar for
export. The figure does not capture the sacrifice of tax revenues brought about
by the lose of gasoline sales, which were replaced by alconol. The economic lose
attributable to the alcohol program in 1989, as shown in Chapter IV, Is in the
order of US$1.8 billion. Hard deoisions need to be taken concerning an
apprapriate level for the alcohol program, given the uncertainty about future
movements in international oil prices, the likely extent of economic subsidies
and the benefits to the Brazilian economy. we return to this issue in Chapter
Iv.

1.30 A key linkage between the energy sector and the Brazilian economy
worked through the investmet programs of the former. Table I. 5 shows investment
in petroleum, electricity, coal, alcohol and the nuclear power program for 1973-
1987, expressed in terms of US$ ut the exchange rate obtaining for the year in
question. Also shown are estimates of s (i) investment in electric power and
petroleum ae a proportion of total energy investment; (Li) total energy
investment as a ratio of all investment in Brazil; and (iii) total energy
investment as a ratio of GDP.

1.31 The peak in energy investment occurred in 1981-1983, following the
second oil price shock of 1979 and the implementation of the national ctrategy
f-or greater energy self-sufficiency, described in Section 1.6. At that time, the
energy sector was absorbing one-fifth of all investment in Brazil and over 4% of
GDP; while investments peaked in absolute terms (at over US$lh billion), as a
proportion of all investment and relative to GDP. Energy investments declined
thereafter, although some recovery took place in 1987. The lower share of
electricity and petroleum in total energy after 1975 reflects the growing
importance of the alcohol program, investments in which were concentrated in the
1980-1984 period, with the crest being attained in 1981. Within the energy
sector, plectricity has traditionally absorbed double the investment by
petroleum. Both the power and oil sectors have given the most emphasis to
projects for basic production: generation accounted for 50-60% of investment in
electric power for the last 20 yearsl while the weight of petroleum investments
went to crude oil and natural gas exploration and produ. tion since the second oil
price shock of 1979. The energy sector will continue to account for a
significant part of Brazil's public investment, as energy demand and the economy
grow. Later in this study (paras. 3.60 and 4.60), we estimate that energy
investment could exceed US$10 billion per year during the coming decade, of which
USLTROSMS alone would represent US$7 billion, unless determined efforts are made
to implement effective energy conservation measures, including realistic pricing.
Demand management and energy conservation could cut this by US$1.2-2.8 billion
annually over the next decade, of which USS0.9-2.5 billion would emanate from the
power sector.
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1.32 Since energy prices were held down to contaCn inflation, the energy
sector was encouraged to borrow abroad to expand investment beyond the limits of
its profits. This led to an extensive accumulation of external debt,
particularly in electricity, and to a rising debt-service burden. Data on the
medium- and long-term external debt of PETROBRAS and the ELBTROBRAS group for
1983, 1985 and 1987 are in Table 1.6. The weight of PETROBRRS and the NLATROMRAS
group in the total external debt of the public sector is now about 120, down from
17% in 1983, due in part to the Federal government assuming direct liability for
a portion of the external debt of Brazilian enterprises.

1 33 The resource requirements of the energy sector were also high in
terms of foreign exchange. Table 1.7 summarizes the evolution in the imports and
exports of crude oil and petroleum products for the ton-years 1979-1988. Aifter
approaching a maximum of US$10 billion in 1981 and 46% relative to total imports
in 1983, just before the rapidly escalating investments in energy had time to
bear fruit, net imports fell sharply to US$2.5 billion and 17% of total imports
in 1988, as Brazil's energy import substitution policy, coupled with falling
international oil prices, started to pay dividends.
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Doe Inerv sector "an sternal Debt
(US$ slllons)

1.34 it is clear from the ............. .

financial hiatory and present ; < ..

situation of the electric power and .. ;
petro'eum, sectors (see Chapters II I .4.,,
and IV) that the Federal Government c
has held down energy prices in the Ait , it
mistaken view that it could thereby . :t 0-. .>0 
help to control lnflation. SEST 0)a.a.:. l 1## '
and SNA, in particular, attached a
subordinate role to the efficiency
and fiscal losses which their . . .. :..
regulation imposed on the energy . ... .

sector; and gave higher priority to ... .....

the implementation of counter-
inflationary measures, including
price "freezes" (see Chapter U1).
This has seriously undermined the
financial and economic basis of the
energy sector, the resource
mobilization requirements of which contributed markedly to Brazilian inflation
and foreign debt. At the same time, quantitative work carried out by DRAIE, for
example, suggests that, while energy price increaseo have a modeot immediate
inflationary impact, the longer-run consequences are minor.

Imoorts and ExRorts of- PtroL"u
(US$ millions)

1.35 The sharp increases 
which took place in international ...

oil prices in the 1970. profoundly 4~.44' ~1
af fected the Government's policy in 
the energy sector. Brazi'l'se~
dependence on imported petroleum ' 2 
had increased in every year since * /

1970, reaching a peak of 85% of 196' i i 
total petroleum needs in 1979, 
making Brazil the largest net .

importer of petroleum among the '4

developing countries. In such 4

circumstances, the major increases
in the price of imported oil from a" t B.-
1973 had a serious impact on
Brazil's economy and balance of o Q'a p '
payments. In consequence, a ~> ~ 
national energy strategy was _____________________

articulated for implementation
during the period to 1985 -- known as the Brazilian Pnergy Model - which
contained three basic aims:g (i) to improve energy and especially petroleum
contjervation, including the reduction of certain petroleum use, tchrough inter-



-15-

fuel substitution; (ii) to increase the production and the proven reserves of
indigenous crude oil and natural gasl and (iii) to maximize the utilization of
other indigenous eaergy resources.

1.36 la torn of supply, greater emphasis was placed on: (i) investments
in petroleum exploration (especially offshore and including the opening up of
selected areas to the international oil companies), production and refining; (ii)
hydroelectric and nuclear power plant., with Itaipu and Tucurui notable among the
former and Angra I and 1I the latter; and (iii) alcohol production from sugar
cane, to replace gasoline in the Otto Cycle segment of the automobile market.
Some studies were conducted in alternative energy sources, for example vegetable
oil to replace diesel, but with no practical results. More recently, natural gas
production and use has been expanded, to replace petroleum products. On the
demand side, a relatively favorable price has been set for alcohol, along with
tax incentives, to encourage its substitution for gasoline, while a high absolute
level was established to zover the much larger economic and financial costs of
alcohol; a rolatively low diesel price has been set to stimulate the diesel
fleet, again in substitution for gasoline and to hold down freight costs; wood
and coal burning were promoted in ceramics and in cement and steel respectively,
to substitute for fuel oil; and tariff incentives were provided for the
consumption of hydroelectric power, at a time when it was in excess supply, again
to reduce fuel oil use (the EGTD).

1.37 The effectiveness of these programs and policies in reducing BrazilIs
dependence on imported petroleum, aided by falling international oil prices, has
been described in Sections I.2 and r.5: imported petroleum fell from 85% of
total petroleum consumption in 1979 to 47% in 1987, with the value of net imports
dropping from 46% of total imports in 1983 to 17% in 1988. However, as shown in
Section 1.5, the success of the Government's policy was achieved at a very high
price, since the resources needed to increase the domestic supply of petroleum,
hydroelectricity and alcohol required a major increase in the level of public
expendi,tures, which contributed significantly to the country's macroeconomic
problems, particularly in terms of the foreign debt, the fiscal deficit and
inflation. Ths policy led to imbalances in the petroleum sector: falling
gasoline demand, along with rising diesel requirements, meant that refinery
investments became necessary to adapt the product slate more closely to the
demand structures; and there has been controversy over the safety as well as the
economics of the nuclear power program, which )as produced virtually no
electricity, despite investments of several billion dollars. However, the
Government's judgment has been that strateglc aspects of the alcohol and nuclear
policies override strict economic considerations.

1.38 Finally, as we argued in the previous Section, Brazils escalating
macroeconomic problems were exacerbated by the resource mobilization requirements
of the energy sector and at the ame time undermined the Government' a policy in
the energy sector, placing the latter increasingly in a subordinate role vi-a-
vis aceroconomic stabilization policy. Distortions in the energy price
structure were initially intended to promote, for example, alcohol and
hydroelectricity, for reasons of energy self-sufficiency. As macroeconomic
z%wcerns came to predominate, these distortions were aggravated, for example to
reetrain the prices of LPG, diesel and residential electricity, and the energy
price level was also held down. Consequently, energy price increases and
investments were constrained and it has become increasingly difficult to discern
any clear, consistent or integrated strategy towards the energy sector.
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CHAET-ER1

fTHE INSTITUTIONAL STRBURE OF THE ENERGfY SECTOR

1 .1 INTRODUCTION: THE ROLE OF THE FEDERAL AND STATE GOVERNME5M
2.1 Even under Brazil's new constitution, which was promulgated in
October 1988, the regulatory influence of the Federal Government in the energy
sector is pervasive, especially in the matter of pricing. Only in the case of
natural gas do the State governments play a direct role in pricing. Each State
government has an appropriate agency to approve the retail tariffs for natural
gas, although, even then, the Federal Government enters into the picture, both
directly and indirectly. The Ministry of Finance (MOF) has a direct authority
over the final approval of all prices in Brazil, not only energy prices, to
ensure that they are in line with macroeconomic policies. The Federal Ministry
of Mines and Energy (MME) has an indirect influence over retail natural gas
prices, through its power to approve wholesale gas prices, on the one hand, and
through its control over the retail prices of close substitutes (electricity and
petroleum products) on the other.

2.2 The Federal Government also has the responsibility for the
coordination of energy policy, through the MME and its National Energy Commission
(CNE). In practice, energy planning, decision-making and policy implementation
have been characterized by a lack of coordination and clearly-defined goals. In
addition, the Government has failed to follow any consistent long-term
objectives, having been typically swayed by short-term annual budgetary and
immediate anti-inflation considerations. Two of the major players in the energy
sector are large and powerful State-owned Enterprises (SOEs), ELETROBRAS and
PErOBRAS, under the jurisdiction of the MHE. At the same time, there are
numerous privately-owned companies or individual entrepreneurs in the fuelwood
and alcohol subsectors, which are subject to different or no central control.
The Ministry of Industry and Commerce (MIC), for example, oversees alcohol, while
fuelwood operates entirely under private enterprise arrangements. Although the
Federal Government, through the Secretariat fcr the Control of Public Enterprises
(SEST), in the Ministry of Finance, approv-i the budgets of all public utilities,
to ensure their consistency with the crerall level of public spending, in
practice it cannot exercise this mandate fully, due to shortages of staff and a
relative lack of the requisite technical knowledge.

2.3 An important initiative to improve energy sector planning was
launched by the Government towards the end of 1990, in the form of the Energy
Matrix Commission (CRRME), working under the coordination of the Ministry of
Infrastructure (Foreword, para. ii). The Energy Matrix assesses energy sector
strategies; policies for energy pricing, energy conservation, and the
environment; and investment planning and related policies regarding major supply
sectors, such as electric power, oil, gas, alcohol, coal and biomass. The Bank
has not yet had an opportunity to review the Energy Matrix, but it appears to
provide an excellent vehicle to continue the dialogue with the Brazilian
authorities.
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II.2. SECTOR INSTITUTIONi

IS.2.1 O1i fnd Gas

2.4 The 1988 Constitution gives the Federal Government a monopoly ins (i)
the prospecting and exploitation of deposits of petroleum, natural gas and other
fluid hydrocarbonsl (it) the refining of both domestic and imported petroleum;
(iii) the import and export of products and basic derivatives resulting from the
activities in (i) and ($i); and (iv) the maritime transportation of domestic
crude oil or derivatives as well as the pipeline transportation of crude oil, its
derivatives and natural gas of whatever origin. This monopoly is exercised
through Petroleo Brasileiro, S.A. (PETRDBRAS), which was established in 1953.
Legally, the Government must hold at least 51t of PETROBRAS' voting shares.
Ownership of the remaining shares has been closely controlled to prevent foreign
domination. As of June 30, 1989 the Government held its minimum legal quota of
shares, with the remainder being held bys private individuals and companies,
through publicly-traded shares (26.4%); other entities (12.3%); and the National
Development Bank (8NDES) (10.3%).

2.5 Since 1976, PETROBRAS has permitted foreign oil companies to prospect
for petroleum under risk contracts, which require foreign oil companies to set
up Brazilian branches or subsidiaries. Payment for services rendered and costs
incurred is to be made in US dollars, based upon a negotiated percentage of the
not income from any oil eventually produced. A total of 243 risk contracts have
been signed, with the participation of 22 foreign and four domestic firms. These
companies have invested US$1.8 billion so far in exploration and development
activities, drilling about 200 wells and "shooting" 165,000 km of seismic lines.
In the face of concern that such contracts violated PETROBRAS' constitutional
monopoly, the 1988 constitution banned all future risk contracts for both oil and
gas. However, risk contracts already in existence at the time of promulgating
the new constitution were permitted to continue. Additionally, "farm-ins" by
foreign companies with Brazilian enterprises are permitted on existing acreage. 1

Finally, the new constitution extended PETROBRASI monopoly to the refining but
not the distribution of petroleum products, although existing refineries were
permitted to continue in operation.

2.6 Apart from its monopoly in exploration, development, refining and
transport, PBTROBRAS has extended its operations into other areas, through six
subsidiaries, to cover the production and sale of petrochemicals (PETROQUISA);
the retailing of petroleum products (BR); the overseas exploration and production
of hydrocarbons and the provision of services and technical assistance
(BRASPETRO); the production and sale of fertilizers and raw materials
(PETROFERTIL); the import and export of commodities (INTERBRAS); and the
evaluation of the hydrocarbon and mineral potential of sedimentary basins
(PETROIISA). While PETROBRAS is not protected by monopoly in these activities,
it dominates both the petrochemical and fertilizer markets (over 80% of market
share) and is a major participant in the domestic retail distribution of
petroleum products (40% of market share).

2.7 The Federal monopoly over natural gas does not extend to retailing
opea tions, as the State Governments have the exclusive right to distribute gas,
directly or through State natural gas retailing companies. To date, Brazil's

Elt Aquitaine, the French petroleun cumapy, has recently taken advantage of this provision.



-18-

natural gas system has developed in locasized egions, primarily to deliver
locally-produced gas to local industries. It now consists of five independent
sections scattered along the Atlantlc Coast (see map of natural gas pipelines).

2.a Gas distribution networks have been operated in Rio de Janeiro and
Sao Paulo for many years. They are used to distribute "town" gas, which will be
replaced by natural gas as it becomes available and the distrLbutLon system is
upgraded. In Rlo de Janeiro, the distribution network is operated by a state-
owned company, Companhia Estadual de Gas do Rlo de Janeiro (CEO). At the present
time they receLve natural gas from PETROBRAS and reform half to medium BTU gas
for distribution through the exis:ing pipeline networks. The rest is sold
directly to industrial customers and a few residential consumers. Until
PETROBRAS started to make deliveries recently, there was no consumption of
natural gas in Sao Paulo. Only manufactured gas was distrLbuted, derived from
naphtha and refinery gases. By 1992, the Sao Paulo State gas company, CONGAS,
expects to replace town gas entlrely with natural gas, with the assistance of
World Bank financing (under Loan 3043-BR). A gas distribution enterprise,
GABMIG, has been established to initiate planning for gas supply in Belo
Horizonte and JuLz de Fora, Ln Minas Gerais. It is currently a department within
the electric power company, CEMIG.

2.9 The National Petrolevu Council (CNP) was established in 1938 to
regulate the supply of petroleum and its derivatives. It sets standards for
petroleum and alcohol and oversees their distribution and marketing. The CNP
establishes the prices of all liquid petroleum products, alcohol and the bulk
supply prices of natural gas. It aleo determLnes transport rates for the
distrLbution of liquid fuels and allocates supplies of alcohol to PETROBRAS and
other vendors.

11.2.2 ElectrLc Power

2.10 The araxllian power sector is one of the largest and most complicated
ln the world. At the end of 1988, total installed generating capacity in Brazil
had reached mearly 50,000 KW. About 80% of the total was in the South and 8outh-
East (including Itaipu) and over 90% was hydroelectric. The country has two
separate tranasmision systemes one interconnects the South, South-East and
Center-West RegLonsl and the other the North-East and part of the North Regions
(see maps). At the end of 1988, the transmission system had a length of about
53,000 km at 230 kV and above.

2.11 As with oil and gas, the Federal Goverment has the exclusive rlght
to the ownershLp of all hydroelectric facilities, the exploLtation of which can
only occur through governmental concessLon or authorization. The Federal
Government also has a monopoly overt (i) the exploration, mining, reprocessLng,
Lndustrialization and commerce in nuclear materials and their derLvatLves; and
(11) electric power generation and distributLon, although these can be delegated
to concessionary companLes. In practice, the Federal Government has granted
concessions to companies with shares owned by Federal and State governments, as
well as private interests, to carry out generation and distribution. Large-scale
generation and high-voltage inter-regional transmLssion of electricity (at S00,
345, 230 and 115 kV) are under the control of four Federal concessions: FURNAB,
CHES, ELMTRONORTE and ELETROSUL. The State, municlpal and private
concessLonaires are responsible for "supplementaryu generation and tranamLosion
and (especially) distrLbution to final consumers. CE8P (Sao Paulo), CSMIG (Rinse
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Gerais), COPEL (Parana) and CEEE (Rio Grande do Sul) are also responsible for
power generation within their concesoione.

2.12 In lF62, Centrals Uletricas Drasileires (ELEROBRAS) was established
under MME as a mixed-economy corporation. Legally, the Federal Government must
hold at least 51% of the company's voting stock. In fact, the Federal Government
currently holds 99.8% of total company shares and 100% of the voting stock.
ELETOBRAS serves as a holding company for the four Federal concestions mentioned
above and for two distribution companies, viz. LIGHT and ESCELSA. ELETROBRAS
holds the 50% interest of the Federal Government in Itaipu Binacional (the agency
set up by the Governments of Brazil and Paraguay to build and operate jointly the
12,600 14W Itaipu hydroelectric facility on the Parana River) and owns minority
stock interesta in the State-owned utilities. Under a decree in August 1988,
ELETROBRAS was assigned the task of overseeing the completion of construction of
the Angra II and III nuclear plants, through FURNAS. ELETROBRAS serves as a
technical support for MME analyzes expansion plans for major generating and
transmission facilitiesj and coordinates anl supervises the inter-connected
public power system.

2.13 The National Department for Water and Electric Energy (DNARE), within
MHE, is the regulatory agency for the power sector. It grants licenses for
generating plants; assigns concessions; approves expansion plans I and sets tariff
levels and structures (see Chapter III). In some areas of responsibility, the
approval of other Federal authorities is also required, e.g. that of the
President for major licenses and concessions and of the MOP for tariff increases.

2.14 The institutional anomalies and over-lapping functions in the power
sector have been examined under the Power Sector Institutional Study, REVISE
("Revisao Institucional do Setor Eletrico"), which was initiated as a condition
of the Electric Power Sector Loan (Loan 2720-BR), under terms of reference
acceptable to the Bank. Pricing issues and the potential for increased
participatlon of private interests in the electric power sector were also
analyzed in the study. A final version of the study will be issued after the new
Government has had the opportunity to review its recommendations and propose
specific action plans. The Government has agreed with the Bank to exchange views
on these matters from time to time.

11.2.3 Alc2hal

2.15 The production of alcohol is entirely in the hands of private
producers. over two-thirds of Brazil's cane area is devoted to alcohol and not
sugar production. The bulk of alcohol production capacity is in the South-East
Region. About 80% of the cane in the South-East, South and Center-West is used
for ethanol production and 20% for sugar, while only 45-50% of cane in the North-
East produces alcohol.

2.16 The sugar industry is regulated by the Sugar and Alcohol Institute
(IAA), which is subordinate to MIC. other important agencies are the National
Alcohol Council (CNAL), an interministerial body charged with setting overall
policy directives on the national alcohol program, and the National Alcohol
Executive Commission (CENAL), an interministerial commission which is located in
miC and which approves projects for the installation or expansion of alcohol
production capacity. The key institutional link between alcohol and the energy
sector is CPN, which sets retail alcohol prices and controls the marketing of
alcohol.
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11.2.4 Coal. Wood and-Charcoal

2.17 As in the case of other natural resources, coal exploration is a
monopoly of the Federal Government. This monopoly is exercised through the
National Department of Mineral Production (DNPM), In NWE. Production is carried
out under a system of concessions and is almost entirely in the private sector.
The coal Industry is regulated by CNP, which fixes priceo, production quotas,
imports, transport arrangements and the consumption quotas which have been
imposed from time to time on large industrial consumers (e.g. steel and
metallurgical coke).

2.18 Wood and charcoal production and marketing is highly decentralized
and totally privatized. Until recently, however, the Brazilian Institute for
Forestry Development (IBDF), in the Ministry of Agriculture, was charged with the
oversight for exploration and use of both coal and charcoal. In February 1989,
IBDF was eliminated and replaced by the newly-created Brazilian Institute for the
Environment and Renewable Natural Resources (IBAMA), in the Ministry of the
Interior.

I1.3 INSTITUTIONAL ASPECTS OF PRICING

11.3.1 Intflakcion

2.19 With the exception of wood and charcoal, energy prices have been
subject to a tightly-controlled system of Federal Government regulation. The
existence of a number of different regulatory bodies, alongside numerous
privately-owned companies or individuals, sometimes free from Government control,
has given rise to a highly-fragmented and uncoordinated situation. The principal
Federal agencies are DNAZE, CNP and IAA, with the first two being under MHE while
the third is subject to HIC. The prices of gas are established by the individual
States. These agencies have pursued disparate policies in establishing the
prices of electricity, petroleum products, natural gas and alcohol. Further
distortions are introduced by the Secretaria Especial de abastecimesto e Precos
(SWAP), which must examine or approve retail energy prices in light of the

GovernmentIs anti-inflationary policies, which are often inconsistent with prices
based upon sectoral economic considerations.

11.3.2 MMAP

2.20 The one common point of reference for all energy prices is SAP.
However, in exercising its role, it relies not on any concept of energy policy,
but purely on macroeconomic concerns, particularly the Government's overall anti-
inflationary policy. 8SAP has not confined its intervention to keeping down the
level of energy prices. it has played a key role in promoting or at least
continuing distortions in the price structure. Notably, it has examined the
impact of proposed price Increases for residential electricity, gasoline,
kerosene and LPG on the cost-of-living index; and consistently tried to moderate
those price increases, in the belief that thereby cost-push inflation would be
contained. In contrast, it always left aside or underestimated the inflationary
impact of its pricing decisions on the fiscal deficit and hence (indirectly) on
inflation as well.
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11.3.3 5

2.21 Proposals regarding the level and structure of prices of petroleum
products, natural gas and alcohol are made by CNP for approval by SEAP. These
prices are all fixed on a uniform basis geographically. The general guidelines
of pricing policy are based on the Government's primary objective of reducing
the country's dependence on crude oil imports, and specify thatt (i) the pricing
policy should be flexible, so that the Government can promote the production and
consumption of locally produced fuelot (it) the prices of all petroleum products
should be adjusted gradually but continually, consistent with the anti-
inflationary policy of the Government. to reflect the level of international
petroleum prices and exchange rate policy; and (iii) the prices of nationally-
produced fuels should ensure an adequate return on capital as a priority
instrument for mobilization of the private sector, which will be subsidized when
necessary. As a result of the above policy: (i) the price of alcohol to the
consumer was to be no higher than 65% of the price of regular gasoline, a limit
which was raised to 69% in July 1988, and to 75% in January 1989; (ii) the price
of diesel was to be increased gradually to reduce the differential with
gasoline; (iii) the price of fuel oil was to be adjusted gradually to achieve
parity with alternative fuels; and (iv) the price of LPG was to be adjusted to
a level that would promote conservation by consumers.

2.22 The 1988 Constitution established that the States, not CNP, will be
responsible for decisions on gas prices to consumers. CNP's role in now limited
to fixing the transfer or bulk supply prices from PETROBRAS to the distributing
companies at the city gates along the main transmission gas pipelines. Recently,
in the context of the Sao Paulo Natural Gas Distribution project, CMP confirmed
its intention to base those transfer prices on the economic cost of supply, with
due allowance for macroeconomic and social considerations. As long as natural
gas is in limited supply, that means that transfer prices should be set with
reference to the opportunity cost, i.e. the cost of substitutes. Since CNP
continues to fix the prices of these substitutes, notably fuel oil and LPG which
compete with natural gas, this indirectly puts a cap on natural gas prices. It
is recognized, however, that a 20% premium on natural gas prices will not affect
Its competitiveness, given its superiority in terms of cleanliness, ease of use
and lack of storage requirements.

2.23 CNP also has a role in setting coal prices, but recently this has
become minor. Since coal is used mostly as a substitute for fuel oil in
industry, the maximum coal price is fixed at 80% of the fuel oil price in thermal
equivalent. In the past, the mine-mouth price was also fixed -- at 40% of the
fuel oil price -- and transport costs were subsidized as necessary to ensure that
the 80% ratio in the final price was not violated. The transport cost subsidy
was terminated in January 1989. The coal price is now set fully by the market,
up to the 80% limit in terms of equivalence with fuel oil.

11.3.4 LM

2.24 IAA sets all sugar and producer ethanol prices through a complex
system designed to ensure parity between the two products. There is no link
between domestic and world prices and it appears that prices are set on the basis
of production costs. PETROBRAS buys all the anhydrous alcohol and half the
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hydrous, the remainder being distributed by other (private) companies.2 The
ethanol is sold to FETROBRA5 on a basing point system, which assumes that all
fuel ethanol is dLstributed via a major PTRORAS distributLon center. Thus, a
dsatlIlery that La well located to supply a nearby area whose own ethanol
production falls short of local demand is obliged to sell the ethanol to
PITROSRAS at a prLce that is calculated as if the ethnol would be delLvered to
the final consumers only after beLig transloaded at the dLstribution basing
point. In this way, the distillery loses the benefit of any proximity advantage
that it enjoys in practice PBTROORAS' margin from the sale of alcohol has
progressively declined as the internatlonal prLce of gaboline fell and PETROIMS
has reportedly suffered flnancial losses on the sale of alcohol sLnce 1986.

1I.3.S DM3

2.25 The responsibility for setting electrLcity tarlffs was beetowed on
DNAUB ln accordance with legislatLon which has evolved over many years. The
1,asic criterlon which was establshed as early as 1934, in the Water Code, is the
4nancial prLnciple of servLie-at-cost plus an adequate return on capital
investment. Thli return iL supposed to be 10-12%. Furthermore, since 1974,
tariffs are geographically uniform. More recently, ln 1982, a major now
criterion wae lntroduced, requlring the implementatlon of a tariff structure
based on long-run marginal costs (LRMC). This latest development became possible
after 1977, when a technlcal cooperation agreement was concluded between DNAEE
and XLETROBRAS. With the participation of all the power utilities and assisted
by EDP (with the support of the World Bank under Loan 1300-BR), DANZE inLtLated
a comprehensive study of electricity tariffs incorporating marginal cost
princlples. An lnltial versLon of the study was completed in March 1979, and the
first step to initiate tariffs based on L1.RC was taken in October 1981.

-I.3.6 The States

2.26 The States enter into the setting of energy prLco only through their
power to determine the retail prices of gas. Thli power is significant mainly
in the States of Sao Paulo and Rio de Janeiro. In the former, a major study of
natural gas prices is ongoing, supported by Loan 3043-DR. The State of Sao Paulo
has eprssed its intention, upon completion of the study, to base retail prices
for natural gas on LRMC. However, as noted above, since CUP flxes the prleos of
the major competing fuels for natural gas (notably fuel oil and LPG), CNP will
continue to influence natural gas prices indirectly at the retail lovel.

I1*4 CONCLUSIONS AND_RECOXMENDATIONS FOR CHANGE

2.27 The experience gained with the operation of the institutLonal
framework for the energy sector durLng the 19800 demonstrates clearly the role
that the Government should and should not play in energy pricing and investment.
Energy pricLang must be consistent with the GovernmentI a broader macroeconomic and
social goalsp however, as shown in Chapters III and IV, the Government's
distortion of the structure of energy prices, and its refusal to allow the price
of electricity to reach appropriate levels, had disastrous consequences. The
macroeconomic benefits were largely absent. The indirect inflationary effects
of failing to raise energy prices, by exacerbating the public sector deficit, are

a The use of stooot in vehicLes is discussed d eptalned In Chapter 1.
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worse. The design of future macroeconomic stabilization measures should
recognize this experience. For this reason, we recommend eliminating the role
of 8EP, since it has been counter-productive. Greater emphasis in the future
would accordingly be given to economically efficient prices, set according to the
financial and economics needs of the energy sector. .

2.28 As Government reduces its regulation of the energy sector, it could
focus its attention and resources according to stricter priorities, where public
action is nee,ded, such as in education and health. The private sector has a
direct commercial interest in ensuring reliable and low-cost energy supplies; and
the public agencies could deliver energy in a more efficient way than at present
with lses government lnterference. However, the application of economic energy
pricing is a prerequisite to create a regulatory environment which will footer
more private sector participation and more efficient public sector performance.
Economic pricing includes introducing regional differentiation.

2.29 The 1988 constitution restricts the range of alternatives available
to Brazil to improve the institutional framework which governs the energy sector.
The ownership and exploitation of oil and gas reserves has been vested
exclusively in the federal Government, with PETROBRAS acting as the legal
representative of that monopoly. The constitution expressly forbids the Federal
Government from "granting" or "conceding" any participation whatsoever in the
exploitation of oil and gas reservae, except with regard to local governments in
appropriate circumstances. In particular, PETROBRAS is barred from entering into
mnw risk contracts with foreign companies for the exploration of either oil or
gas. Overseas interests can only participate in such activities through "farm-
ins" of existing acreage by companies that already hold concessions in Brazil.
The monopoly does not include the export, import and marine transport of
petrochemicals and nitrogen-based fertilizers; and the distribution of petroleum
products, petrochemicals and fertilizers may continue outside the monopoly of
PETROBRAS.

2.30 The provisions of the new constitution for the electric power sector
are somewhat different. Article 176 states that "mineral resources and hydraulic
*nergy potential constitute property distinct from the soil for the effects of
exploitation or utilization, and belong to the Federal Government". The working
or operation of these resources can, however, be conceded to Brazilian companies.
in fact, although growing government intervention and control took place in the
industry after 1960, it was established with a strong private sector orientation.
However, in light of subsequent history, the legal framework for electricity
supply needs revision, to facilitate renewed private sector participation, as
discusse below.

2.31 Apart from the general arguments in favor of greater private sector
participation to increase efficiency, the future resource needs of the energy
sector, which could amount to US$10 billion per year in the coming decade (see
paras. 3.60 and 4.60) will necessitate a search for alternative sources of
financing and ownership. Even if Brazil achieves greater success than in the
past in raising the real level of prices to generate internal funds, the public
sector alone li unlikely to be able to mobilize the resources necessary to expand
the energy sector on the requisite scale. With the right legal and institutional
framework, direct or indirect financing of that expansion is an attractive option
for the private sector, given the serious implications of energy shortages.



2.32 in oil and gas, the Government should encourage greater private
sector participation in the areas of PITROBRAS which are not protected by its
monopoly, e.g. subsidiaries such as PETROQUISA and PITROPIRTIL, which are not
reserved to the Federal Government under the Constitution. The increased
participation of the States Ln gas distribution is to be welcomed and should be
pursued with greater private involvement in State-level gas companies. CO!40S
shows every promise to be a leader in this regard.

2.33 In electricity supply, the scope for tapping private esector resources
exists in generation and distribution, although adjustments are needed in the
legislative and institutional framework, to eliminate or minimize impediments.
As in gas, private participation in distribution, at the State level, should be
expanded. Generation facilities in private industrial or agro-industrial
complexes potentially offer significant economies in the supply of electricity
to public systems, although autogeneration now accounts for only 8S of total
installed capacity. of note is the use of bagasse from sugar production
processes, as an input to power generation. A major obstacle to increasing the
share is the lack of a clear policy on the guarantees which would be given to the
private owner, concerning his own acceos to the output. Adequate guarantees are
also needed regarding payment for the generation which is sold to the public
system. Furthenmore, while the legislation allows for the transmission of
electric power generated by private facilities within a State, laws are required
to permit transmission on a wider scale, e.g. between States. Strict
constitutional limitations surround the private ownership of hydroelectric
facilities, although concession arrangements could be established with private
firms, as mentioned earlier. In such cases, provisions would need to be made to
facilitate land acquisition, with due allowance for the protection of affected
populations and the environment.

2.34 Several different models or options exist for private sector
participation in electric power. As stated in par&. 2.28, adequate tariffs are
a prerequisite, to create a framework in which investors are willing to risk
their capital. The models includes (i) the establlshment of consortia between
private and public companies; (ii) the ssumption by private investors of
responsibility for works in progress but arrested by the lack of public funding,
including the subsequent operation of the facilities, for example through
arrangements to build, own, operate and transfer (BOOT)I (iii) the granting of
concessions to private interests to operate isolated systems, using compatitive
bidding procedures; (iv) signing contracts with private interests to buy energy,
for example with full integration of the private generation within the public
system; (iv) signing contracts with large private consumers to guarantee a
certain level of future sales, in return for an advance payment to help to
finance the facilities; and (v) allowing private investora to purchase public
debt, in return for equity participation in the power sector.

2.35 Along with our proposals to extend private sector participation in
the energy sector, we recommend institutional changes at the Federal level. As
we have mentioned (para. 2.27), intervention by non-sectoral agencies, such as
SEAP, should be diminished. Raising the prices of all petroleum products to, at
least, their economic costs implies a greatly changed role for CIP (para. 4.54).
Government'ls main activity would be "auditing" the proper application of this
pricing policy at the ex-refinery level; and the regulation of PETROBRAS as a
transporter of natural gas, crude oil and petroleum products. Competition would
play an enhanced role in determining retail prices, taking into account regional
differences in transport and distribution costs (para. 4.54). At the same time,
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the Government would play a more clearly defined and restricted part ins
establishing and maintaining the overall policy framework for energy; ensurLng
the application of a consistent planming methodology in the publicly-owned parto
of the sector; help manage the reduction of public and promote more private
iavolvement; coordinate energy sector policies with other Ministriess and provide
full informational support to the energy sector. Items opecific to electricity
and to hydrocarbons could be delegated to streamlined versions of DNASE and CNP,
respectively.

2.36 A key item which MME should iddress in the overall policy tframework
relates to pricing policy. As we show later, much needs to be done to place the
structure of petroleum product prices on as rational a baois as electricity
tariffs, to support economic efficiency objectives. The price level, especially
in electricity, should be moved into line with the economic costs, with additions
as appropriate for taxes. The price level must also yield a dsgree of
profitability to ensure an adequate flow of private capital: our ualculations
later in this report suggest that a price level based on economic costs is likely
to be financially satisfactory. we recommend, on both financial and economic
grounds, that a rapid move be made to regional tariff differentiation.

2.27 M0M would approve the investment programs of the energy sector on the
basis of agreed guidelines for preparation. Notably, such guidelines would cover
GDP projections, discount factors and other planning parameters, which are used
by the Grupo Coordenador de Planejamento doe Sistemas !l6trios (GCPS) in the
preparation of sector expansion plans.

2.38 The role of MNE in preparing the ground for the extension of private
sector involvement and ensuring the application of correct "rules of the game"
would be critical. Legal changes are neceasary to deal with the obstacles we
discussed above,to ensure a healthy influx of private capital, while giving full
attention to protecting the environment. Guidelines must be established for the
types of concession. to be introduced and the contracts to be employed.

2.39 Inter-ministerial coordination will be required to implement a
sounder policy with regard to alcohol production, which is entirely in the hands
of private producers. Coordination will also be needed with the Ministry of
Finance if, as we emphasize in Chapter IV, a more effective tax base is to be
developed for petroleum products.

2.40 The informational role of MME is not new, but it assumes a different
dimension if MME is to act as a catalyst to private sector investment.
Evidently, it will be essential to have a central point to collect, organize and
distribute the information needed to take economically and financially sound
decisions.

2.41 A strengthened version of CNN might form a good nucleus for the
activities listed above. It should include a wide representation of interested
parties, including consumers, environmental interests and private investors, as
well as ELETROBRAS, State and other companies and the Federal Government.

2.42 The Energy Matrix (para. 2.3) will provide several crucial elements
for future decisions on an 6nergy strategy for Brazil. It can serve as a focal
point to raise the key issues in energy planning, regardless of their political
sensitivity, and to bring together representatives of the main agencies active
in the sector, thereby permitting the emergence of differences of opinion and
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conflct of interest. While the Bank has not yet had the opportunity to review
the Inergy Hatrlx, it appears to b an ecellent vehicle to continue the World
Bank's dialogue vith the Brazilian authorities.
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3.1 The eactoral distribution of electricity consumption in Brasil (Annex

!U1.2) reflects the process of lncreaued industrialization, with industrial
demand absorbing more than half of total electricity demand (53% in 1989). The

perspectives are that this ahare will remain constant to the year 2000. As shown
in Annex II.2, the regional structure of electricity demand has changed steadily
over the past fourteen years. The sharr- of electricity consumption of the les
developed regions of the North and the North-East increased, as electrLcity
service was extended more widely to residential consumers and the industrial and
agricultural sectors experienced economic growth. Furthermore, expansion in
electricity demand was encouraged by the development of large electricity-
intensive industries in these regions, which benefitted from special low taxIffs
to promote export products derived from alumina (see Annex III.9). aven so, in
1989 over 80% of electricity demand was concentrated in the South/south-last.

TAK UZI;L
SlectricIty Generion: HfistoricAl I ProJegted

(Twh)
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121.2.1 The XMKM9 -nX;*gg

3.2 ELETRBRA coordinates the preparation of electrloity dsemad
projections, with the participation of about 35 power sector utilltito. The

adopted set of forecasts in principle incorporates the effect of energy
conservatiop goals --slthough without explicit consideration of prices-- and
qventuallV! ""so as the basis for the industry's long-term expansion plan.

Projec*t,A global electricity demand is the result of addLng the individual
projections prepared by the sector utilities, which are *stlmead an a
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disaggregated basis. For the short-term, the projections are based on trend
analysis of past demand by sectors, correcting distortions derived from actual
suppressed demand or outagesl information about new industrial loads; and
expectations about consumer connections. For the long-term, the projections are
based on aectoral analysis (residential, commercial, rural, industrial, public
lighting and government), taking into account correlation with macroeconomic
(gross regional product, industrial product, houeehold income, etc.), and socio-
demographic variables (pop'ulation, number of dwellings, etc.) and expansion plans
for large electricity-intensive industries.

3.3 ELETROBRAS' demand forecast for 1989-2000 (Table 111.4) projects an
annual rate of increase for 1989-95 (6.2%) slightly below the increase achieved
in the nine years from 1980 (6.4% p.a.) and much lower than the average for 1975-
89 (8.4%). The growth of electricity consumption is expected to slow further
after 1995. In the case of the more developed parts of Brazil, where greater
saturation of the power market exists, such as the South and South-East,
electricity sales are expected to increase more slowly than in the North and
North-East. As a result, the share of the less developed regions is expected to
increase from 19% in 1989 to 24% by 2000.

3.4 To forecast future generation requirements, ELETROBRAS allows for
transmission and distribution losses. During 1989, theae were in line with
commonly accepted values for utilities in developed countries, amounting to about
12.9% of net energy requirements. ELETROBRAS predicts that system losses will
decrease as a percentage of generation during 1989-2000 (see Annex 111.1), due
to better utilization of the corresponding transmission systems and improvement
in distribution systems, in particular through the implementation of the National
Electricity Conservation Program (PROCEL) (Chapter V). ELETROBRAS' forecast of
electricity consumption and power system losses and the corresponding required
generation are shown in d-tail in Annex 111.1 and summarized in Table 111.1.

3.S ELETROBRAS methodologies for demand forecasting compare favorably
with other utilities. Nevertheless, given the size and complexity of the
Brazilian power system, several issues associated with ELETROBRMS demand
analysis, as presented in the Plano 20Ql, merit consideration.

3.6 First, the ELETROBRAS methodology is based essentially on a single
demand scenario1. Such an approach has merit under stable economic conditions
but has given rise to growing deviations between the forecasts and the realized
market growth since 1980, when the period of rapid and sustained economic growth
cam to an abrupt halt. The consideration of only one demand scenario makes no
provision for the macroeconomic uncertainty confronting the Brazilian economy and
weakens the process of strategic planning. No consideration is made of the
financial con-itraints on the sector in implementing its investment programp and
further uncertainty concerns the impact of the energy conservation program which
io being implemanted.

3.7 Secondly, price is not considered as an explanatory variable. Given
the prevailing financial difficulties of the power sector and the inflationary
environment, it is important to consider the effects on the power market of
alternative pricing and tax scenarios.

The Plmog 2010 refers to an atermntfve scmario but slfpty concludes that the original forecasts are
conastve nid more cqtfbte with historical experience.
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3.8 a third problem with the demand analysis is the way in which it
incorporates the Impact of speclal industrial loads. The regional utilities
survey future potential non-marginal loads, which they add to their normal
projections. Aside from the uncertainty regarding the emergence of these new
loads, ttkare is potential double ocunting. The projection is based on historical
data, which already include the addition of previous non-marginal loads, so that
the data need to be screened before projecting and adding the new loads.

3.9 Fourthly, there are problems with the way in which Plano 201Q handles
energy conservation and demand management, in particular the targets and policies
of PROCEL. It appears that the forecasts were conducted independently of the
conservation program and it is not clear what effect prices have on energy
demand, as distinct from the impact of special conservation programs. Since,
increasing prices are not explicitly considered as a policy instrument, Pla1o
2010 seems to overestimate the benefits of energy conservation. According to
Flano 2010, electricity consumption is reduced by 12.3% in 1995, compared with
the level which occurs "without the conservation program" and by the year 2000
the figure has reached nearly 20f*. These results may be examined with the help
of the relationship between the ratio of growth of energy consumption and CDP
shown in Table III.2. The ratio of the former to the latter, for 1970-75, 1975-
80 and 1980-85, increases with the decline in the rate of growth of GDP due to
the influence of past investment in equipment and appliances (i.e., due to the
asymmetrical response of energy demand to upward and downward movements in GDP).
For the future, one expects the ratio to decline with improvements in technology,
rising energy prices and conservation measures. However, the assumption of Plano
2010 that the ratio will fall below unity as early as 1995-2000, seems overly
optimistic, without action to increase the electricity price level. In
industrialized economies, ratios around unity are the norm for economic growth
rates of about 2-3% p.a.

-TIUUX II1.2
Relatiogshi H etmwen Ratios of Growth of Electricity Demand and GD?

in Plano 210 With and Without meray Conservation

3.10 Finally, ZLZTROBRS' forecasts are not consistent with those of
QETROBRAS in terms of the aumptions and staistical basoi used. As early a
1986, PVTRBRA8 and BSETOBRA began an attempt to arrive at a common framework
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for planning supply on a consistent basis, in order to avoid bottlenecks and
sector imbalances. A working group was set up to define alternative economic
scenarios up to the year 2000 and examine the consequences on the evolution of
energy demand. However, in 1989 both companies are still forecasting demand with
different demand scenarios, rendering their forecasts incompatible.

121.2.2 AlteXaatln pemnSicnaripn

3.11 In order to address some of the methodologLcal issues mertioned above
and to Lncorporate different scenarioo for electrLcity demand, we have developed
alternative forecasts based on simplified analytical models derived from
regression analysis (see Annex 1.9).2 Two priclng scenarios were selecteds the
basLc scenario, which is referred to as "BusLness As Usual" (BAU), assumes that
the tariff structure ie unaltered and the level remans constant ln real terms.
In the second scenario, called the *ZfficLent PrLcing Scenario" (UPS),
residential and rural electrLeity tarLffs are brought into line wlth long-run
marginal cost (LUMC) by 1995; and industrLal and commercala tarLffs by 19Q2. The
underlyLag analysi- of LRMC and tariffs is presented in Sectlons 111.4 and III.5.
Both scenarios inoerporate the same assumptions regarding GDP growth, using World
Bank projectLons. Accordlng to the scenarios, the movement towards LRBC pricing
reduces electricity demand by 10% under EPS compared with RAU in 1995; and by 16%
in 2000. A description of the key assumptions underlying the ELEIROBRAS, BAU and
UPS forecast scenarLoo is shown in Table I1.31 while Table 11I.4 and Figure
111.1 summarize the results.

3.12 The demand projections of the BAU scenario are somewhat lower than
those of ULUTRBRAS. The differences ca.n be explalned by different assumptlons
concerning GDP growth rates. BLETROBRASI projected GDP growth rate is lower than
the Bank's for 1990-95 (4.5% p.a. versus 5.2% p.a.), but equal from 1995 to 2000
(6.0% p.a.). Hence, the SAU forecast is 7 percent lower than ULUTROBRAS ln 1995,
declinLng to 3.7% by the year 2000. These rasults would seem to conflrm the
judgement expressed above, namely that ELrTROBRAS forecasts do not incorporate
price effects on demand and do not integrate energy conservation ln a
satLifactory manner. The energy savings of PROCEL seem to have been added to
ELUTROBRAS projections to obtain forecasts "without the conservatLon program".

3.13 The BPS forecast, Ln contrast, which lncorporates the effect of prlce
elasticity, exhibits striking dissimilaritLes from ELETROBRAS. Under EPS, in
line with the discussion of Section 111.5, the power tariffs for industrLal,
commercLal and other users would have to increase by 32%, 3% and 78% respectively
by 1992, compared wlth 1989 price levels; by 1996, the residential and rural
tariffe would have to Lncrease by 124% and 154% respectlvely. The impact of
these price rises ie substantlalt in relatlon to ZLETROBRAS, electrLcity demand
would be 16 percent lower under UPS in 1995 and nearly 20 percent lower by the
year 2000.

2 EROMUS dss not acpt the vatldity of thme demd forests.
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Altsrnative !orecast Scenarios
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forward for non-marginal changes for as long as a decade. Finally, the EP8
scenario shows the outer limit of what might be achieved in energy conservation
and demand management through efficient pricing: it demand falls by 20% in 2000,
LRNC can also be expected to fall, Bd lower prices would bu. appropriate.
Nevertheless, we conclude that demand i&e likely to lie in a range defined by
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Figure III.1: Alternative Power Demand Forecasts, 1990-2000

^LETROBRAS/3AU at the upper end and EPS at the lower; and our judgement is that
demand could be cut by at leapt 10% and probably 15% by the year 2000 wlth a
determined move towards LRNC pricing in level as veil as structure. We strongly
recommend that ELETROBRlAS' studies of future electricity demand incorporate
econometric analysis of price elasticities and take into account alternative
price assumptions and the impact of LRMC.

3.15 The alternative demand scenarios confirm the importance of adjusting
tariffs to keep the level as well as the structure in line with LRMC in real
terms and to stop the eroeion caused by inflation. They also underline the
importance of tariff policy in supporting energy conservation efforts. If
tariffs deteriorate in real terms, both demand and investment requirements willl
be substantially lar.ger, financial problems will be aggravated, the quality of
service will decline end the risk of supply interruptions will increase. We
shall return to these points again in Section III.6, following a discussion of
LRMC and tariffs in Sections 1II.4 and III.5 respectively.
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111.3 POUR SYSTEM ZLIMNNmGm XPANSION AND iNVESTMENT

111.3.1 nlag.nnl _thodouggz

3.16 ELTtRODZAS has the primary responsibility for the coordination of
planning, which includes the preparation of generation and transmission expansion
plans. Each utLiity is responsible for distribution planning, but ZLZTROBRAS'
participation in the global assessment of the utilities, Lnvestments is intended
to ensure cor$esitency. As we saw ln Chapter II, BLETROBRAS' plans are subject
to the approval of MHZ and the overvlew of DNAEE. Since 1981, 8ST (within MOP)
has approved the sector s budget, to ensure consistency with the level of public
investment spending. Details on the sector's planning methodology are in Annex
111.3.

3.17 The sector's planning methodologles are generally reasonable, and
certainly better than in most other Latin Aerican countrles, although there are
ways in whlch they could be strengthened, particularly regardlng the treatment
of rlsk and reliability. In generation, a 5t risk of deflcit has been accepted
as the norm, without any clear basis; at least, ELETRODRAS should evaluate
alternative rellability levels, ln terms of the economic cost of power outages.
In transmission and distribution, risk is incorporated ln a much less
sophistlcated manner, through design standards based on norms and experience;
more use should be made of probabilistic methodologLes and (as in generation)
outage costs need to be considered. Furthenmore, alternatives to bulk supply
from the main power system need more careful analysis, such as local generations
the promotlon of private sector particlpatlon ln generatlon, whlch we support in
Chapter U1, represents a rich potentlal to augment alternatives to public supply.

111.3.2 Environmental Asnects

3.18 Since the mid-1970s, the Brasilian power authorities have made
significant progress towards lmplementing envlronmental and social safeguards in
the power sector. Notably, they have taken initiatives to mltlgate the harmful
side effects of large hydroelectrlc projects on rlver basin ecosystems and human
populations. In connection wlth the Bank's 1986 Power Sector Loan (Loan 2720-
OR), BLETROBRAS has completed the Environmental Master Plan for thk Power Sector,
which sets the framework for: (i) national environmental policy, legislation,
regulations and guidelines; (li) speciflc environmental guldelines for the power
sector; (iLl) the preparatlon of environmental and social action plans on a
project-by-project basis; and (iv) measures to strengthen the sector's ability
to implement the plan. Furthermore, SLETROBRAS is developing a methodology to
integrate envlronmental effecto directly lnto project appraisal, through an
Znvironmental Index, whlch is considered jointly wlth standard cost-benefit
mesurea.

111.3.3 The ExNansign la&n

3.19 The power sector's expansion plan is based on Plano 2010, a
comprehensive long-term planning study, completed in early 1988. Details of the
generation expansion plan are in Annex SII.4; whlle the transmiseion and
distribution plans are ln Annexes 111.5 and 111.6 respectively.

3.20 kJlang 201Q was a comaendable step to subject the discusion of the
sector's planning and methodology to a much wlder audience, thus making the
public more aware of the sector's problems and needs. Plano 201 is based
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essentially on developing hydroelectric power in the expansion of generating
capacity. The share of hydroelectric installed capacity ie projected to remain
in the order of 90% until the year 2010.

3.21 A number of issues arise with thLs solution. Since Brazil has
already developed its low-cost hydroolectric energy, the avaLlable hydroelectric
options outeLde the North are relatively expensLve compared with the past (with
costs around USl700/kW and over as against US$1200/kW for Ztalpu). After 2000,
most addltlonal hydroelectric capacity would, therefore, come from the Amazon.
Those projects are large and require the transmission of huge blocks of energy,
equivalent to Italpu every flve years, over long distances, to the consumLng
centers of the South and South-East (see map of prLnclpal regional electrical
Lnterconnections). The solutLon presents a major technical challenge to the
lndustry and ralses transmlssion costs substantLally. Equally Lmportant, there
are serlous environmental risks and ILITROUAS will not find it easy to reduce
the environmental costs to an acceptable level, despite the slgnificant strLdes
forward that lt has made ln environmental analysLs. However, ILETROBRAS'
calculatlons contLnue to demonstrate the economLc merits of hydroelectricLty,
despLte the transmLsoLon and environmental costs.

3.22 Although ELUTROBRAS has consldered thermal options, as ln the Plano
2010, we urge their further and continued consLderation to provide a tranaLtion
program, say for the period 1994-2005. The realLitie optLons ares (L) imported
coall (ii) imported and domestlc natural gas; and (iil) bagasse cogeneration,
from the sugar industry. Provided that adequate emLesions control equipment is
Lncluded in the case of coal, thermal solutLons not only offer environmentally
acceptable alternatives at reasonable economic cost they would provide the
system with more flexibility to respond to demand uncertaLnty, possible new
technologies, the lessons to be learned from additional experience wLth the
Amazon, and variable hydrological conditions.

3.23 While domestic coal appears uneconomic and of poor quality (see Annex
1. 2), coal-fired steam generation, using coal imports from ColombLa or Australia,
for example, presents an lnteresting option. If equipment is contracted through
Lntexnational competitive bidding, in relatively large units (say 300 iw-700 MW),
the c&Npital costs could be kept down to around US$1,000 per kW and total costs
to around US$35-40/MWh. The provlison of adequate environmental safeguards would
raLse thee capital costs, perhaps by 10-20%. After gaining experience, Brazil
could consLder producing its own coal-fired generatLng units.

3.24 ConstructLon of thermal plants using natural gas, either domestic or
imported, for example from Bolivia and Argentina, are another interestLng
solution. Brazil's own gas reserves are limited relative to overall potential
demand, and some further analysLs may be required of the economlc value of the
gas ln alternative uses, along the lines discussed in Chapter IV. The promise
of substantLal reserves ln the Amazon, while subject to some of the location
issues we raised with hydroelectrLc solutions, would be low ln capital cost,
quLck to construct, environmentaliy less harmful, and face few, if any, competiag
demands for the gas. Finally, cogeneratlon, using baganse from sugar productlon
processes, could provide a worthwhile contributLon to total generation
requLrements, if the LnstitutLonal and prLcLng framework provlde the correct
incentLves. Of course, lf the productlon of alcohol declines ln the long term
(paras. 4.55-4.59), the avaLlability of bagasse for power generation would drop.
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3.25 In the longer term, hydroelectric options are available to Brazil
through international cooperation, especially with Argentina, Bolivia and
Paraguay. These are attractive, even allowing for the risks associated with
greater external energy dependence. We do not believe that electricity imports
are subject to the same political and economic uncertainties on supply and price
as petroleum imports. Mutual economic interdependence and more common
geopolitical interests make electricity interchanges relatively reliable, as
experience has shown elsewhere.

3.26 Finally, we emphasize again the role of energy conservation and
demand management as an alternative to supply options, in both the short and long
run. Based on our results with regard to price elasticity and demand forecasting
elsewhere in this report, we argue in Chapter V that important savings in
investment requirements are obtainable by pursuing increases in the electricity
price level am an integral part of well-formulated energy conservation programs.
Energy conservation not only offers a low-cost and environmentally sound
alternative to investment in generating plant: it also makes more manageable the
risks related to demand growth.

111.3.4 The Investment Propram

3.27 The sector's investment program is shown in Annex 111.7. It is based
broadly on the precepts of Plano 2010, and ELETROBRAS' demand forecasts shown in
Table 111.4. However, the sector has had to recognize its limited financial
capability to execute its expansion plan, relative to the expected sources of
funding. It is also attempting to restrain the growth in demand of electricity-
intensive industrial consumers, under subsidized tariffs.

3.28 During the late 19709 and early 1980s, the power sector allocated a
large portion of its financial resources to generation, which accounted for as
much as 65% of total investment. Consequently, the financing to implement
associated transmission and distribution works was curtailed beyond prudent
levels, and the risk of energy shortages has climbed above the level of 5% used
for planning. While the sector is now attempting to implement a more balanced
program, in terms of the mix between generation, transmission and distribution,
the risk of energy shortages will continue to rise in the coming years,
especially in the South and South-East. Detailed risk analyses for the different
regions are in Annex XII.8. It is estimated that past constraints on investment,
in conjunction with hydrological conditions, have given rise to a 15% to 20%
probability of energy shortages equivalent to 10% of projected consumption by
1992 and 1993.

3.29 The estimated cost of the power sector's five-year investment program
is about US$39 billion, excluding the investments to complete Itaipu, i.e. a
little under US$8 billion per year. Some 53% would go to generation; 23% to
transmission: 16% to distribution; and the rest to general investments. The
sector estimates that it will continue to invest US$6 billion per year
thereafter, to keep pace with demand. The estimates are optimistic, as the
sector's ability to generate funds is severely impeded by the low level of
tariffs. However, the program could be reduced by effective energy conservation
measures, mainly through pricing, and we have made a tentative assessment of the
possible impact of LRHC pricing on the sector's investment program later in this
Chapter.
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I U*4 LOGRUN= MARGINL C2OST

3.30 Since the 1970s, LRMC has provided an important reference point for
electricity tariffs in Brazil. The average LRMC for generation and
interconnection for Brazil as a whole is therefore updated regularly by DNAEE,
using the methodology briefly outlined in paras. 3.38-3.43 and Annex 111.9.

3.31 Marginal costs vary not only through time, with changes in the load
profile and system expansion, but also cross-sectionally, according to the type
of user and location. For example, rural and residential supplies are usually
the most costlyl and the cost of low voltage (LV) supply is generally higher than
high voltage (RV). Regional variations in LRMC are caused by many factors: local
generation costs may exceed the system average, for example due to a local
preponderance of thermal plants; unusually long distances from the generation
sources may raise transmission costsl higher sub-transmission and distribution
costs are caused by low population density; and there will be regional
differences in the quality of service and reliability of supply. Table III.5
illustrates these points for the interconnected system4. For Brazil as a whole,
the average LRNC of rural supply, at US$124/KWh, exceeded that of all other
users. The cost of LV supply (Category B) on average for Brazil as a whole was
about U8$99/Mwh, while the LRMC of an average RV consumer (Category A) was
US$54/MWh, i.e not much more than half. At the regional level, the lowest LRMC
(US$59/XWh) is for the North and North-East systems, which have the greatest
concentration of future hydroelectric resources to be developed (it includes the
Xingo project). The highest LRMC corresponds to the systems with the thermal
program (coal and nuclear), which are also furthest from the principal sources
of generations the South (US$82/KWh) and the South-Nast/Center-West systeme
(US$76/NWh). of course, the structure of regional supply costs is different if
account were taken of the isolated systems, which are high-cost and weigh more
heavily in the North and North-East.

TABLB III,5
30na-Run Marainal Costs by Rheion

11989 USS NMr IWhl
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1I1.5 VU&CTRICXTY TARIFFE

111.5.1 XaZrIffA.AInflton and Taxes

3.32 High inflation, combined with frequent changes in the official tariff
schedules and fluctuations in the real purchasing power of the Brazilian
currency, dictate a cautious approach to the analysis of the actual level of
tarLffs compared with LRC.3 Furthermore, the electricity bill includes not
only the basLc tariff for electrieLty: taxes and tax-llke elements must be
included (the "fiscal load"), which make the final price to the consumer exceed
the tariff.

3.33 With high inflation, it is necessary to distinguish between the
Publlshed Power Tariff (PPT), the Billed Power Tarlff (BPT) and the Received
Power Tariff (RPT). Under conditions of rapid inflatLon, the PPT should in
theory be raised continuously; and if the consumer is billed and pays
continuously, there would be equality between PPT, BPT and RPT. In practice, of
course, the situation is different. According to the Brazllian system, when
electricity bills are sent out, they are prorated according to estimates of the
consumption that has taken place under the various schedules published since the
last meter reading. On the other hand, because of the length of the billing
cycle -- i.e. the time that it takes to reflect fully a tariff increase in all
bills -- the system results Ln average values of RPT which are always less than
the average of PPT. In Brazil, where almost 60 days pass before the whole
Increase is reflected in all bills, and where inflation has remained high for
most of the years under analysis, the billing system results in a significant
additional subsidy to all electricity consumers. During 1983-1989, for example,
BPT averaged 90% of PPT. From January to September 1989, EPT fell to 74% of PPT.
Furthermore, RPT is less than BPT, to an extent which depends on the payment lag
and the daily rate of inflation.

3.34 Brazilian electricity bills include: (i) the basic tariff, or
electricity charge proper, i.e. the metered consumption times the corresponding
rate; (Li) a consumption tax on residential, commercial and small industrial
consumers; 4 and (iiL) for large industrial consumers only, a "compulsory loan"
to the power sector. Until January, 1989, the electriclty consumption tax was
Federal -- the "Imposto Unlco de Energia Iletrica", IUEE -- and applied uniformly
to the entire country. About 60% of the IUBE was returned to the sector. As
from February, 1989, a State tax has been in effect instead -- the "Imposto de
Circulacao de Mercadoriae a Servicos", ICMS -- which varies from State to State.
The compulsory loan is obligatory for industrial consumers using more than 2,000
kWh per month.

3.35 The addition of these taxes and compulsory loans to the published and
billed tarlffs (PPT and BPT) gives rise to what may be termed the Published Power
Price (PPP) and the B$iled Power Price (OPP). While the average aPP has followed
a similar trend to the BPT, the "fiscal load" (i.e. the tax and tax-like
elements) has tended to fall, from 28% of the tariff in 1974 to 15% in 1988.
Furthermore, because part of the revenues collected through taxation were
transferred to the power sector, this policy reinforced the negative effects of

a s pare. 1.6.

4 Industries usins teas then 2,000 kUh per month.
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tariff reductions, thus aggravating the financial situation of the sector (see
Section 111.6). It is estimated that, keeping the compulsory loan component
constant at its 1988 level of about St, the authority transferred by the new
Constitution to the States to set electricity taxes will increase the share of
the "fiscal load" in the final price, perhaps to as much as 30%. However, it is
not yet clear what part of this increase, if any, will be transferred to the
power sector.

3.36 The new fiscal load structures are relat:Lvely straightforward, with
most States having a unique rate -- generally equivalent to 17%-25% of the bill,
subject to two or three exceptions for small residential and rural consumers.
Only a few States have opted for more complex fiscal structures that include, for
example, different taxes for electricity used by an industry as an input and
electricity used by the same industry in other uses or a whole set of tax
brackets that varies with the amount of electricity consumed.

1I1.5.2 Xxistin% Tariff Policy

3.37 In theory, Brasilian policy with regard to electricity tariffs is
exercised through DNUM , to achieve four general objectives. 5 These are: (i)
econcmic efficiency; (Li) financial stability; (iii) regional uniformity; and
(iv) social considerations. Since these criteria often conflict, trade-off a have
developed between them over time. Unfortunately, in recent years, the policy of
keeping down energy prices in the mistaken belief that inflation would thereby
be curbed, implemented through 8BAP, has tended to dominate all these objectives
in practice.

A. olc

3.38 In 1977, DUNBE (in association with BLUTRODEAS) initiated a
comprehensive study of electricity tariffs, incorporating marginal cost
principles. The work was assisted by Blectricite de France (NDF), as
consultants, and supported by the Bank, under Loan 1300-BR. The first step to
initiate tariffs based on LRNC was taken in October, 1981; and to date most
consumers at high- and medium-voltage levels -- accounting for over half the
consumption -- are subject to LRKC-based tariffs. Full implementation is
expected during 1991. One result of applying the policy is that relatively
larger increases have been sanctioned for the energy as opposed to the demand
component of tariffs -- the power system has become increasingly energy
constrained -- which has produced higher average tariffs for consumers with
larger load factors.

3.39 Marginal cost-based tariffs are forward looking, i.e. they reflect
the anticipated cost of generating and delivering the next (or future) kilowatt
hours of electricity as opposed to the embedded financial cost.6 In Brasil,

5 ote, for instance, the 1931 Voter Code, with its ts; Decree No. 86.463 of October 13, 1981; R.
Bitu, Tarifa residencilt de caractor social", Banco Inter_micon de Desarrollo (BID) CursO en Analtsis de
Costos y Oiseo de Tarifes de Agu y Electricided, Pueblo (NeElco) Abril 21 a Pao 9, 196; R. Situ, . En.;
DOWAE, dqNa Tarifa de energia eletrica: Netodologia e Apticacao", Brasilia, 1965 and 'Conceftos bas8cos de
nova torff do energfa eletrica, Jaa*o 1988 and REVISE, "Relatorie diaonhstico: Problems fumamntals,
qusto emrgentes*, Rio de Janelro, October 1988, "Relatorio flaol doe surupwos A, E o F", Septeaber 1968,
aW "Relatorfo final -Ninuta", Jasury 1989.

6 See DReBS gCU 6t1 196s t or a presentation of the methooloy dits application to the Brazilian power
sector.
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LRMC is derived from the sector'B investment expansion plan but a significant
deviation is then made from the true marginal cost structure by suppressing all
regional cost variations and producing a unique set of tariffs for the entire
country. Since the criteria for estimating peak and off-peak energy and capacity
costs were established at the end of the 1970e and the differential between power
and energy costs has gradually narrowed in Brazil, to the point that energy
shortages are more the norm than the exception, it is time to review the criteria
for these estimates, to avoid sending the wrong pricing signals.

3.40 The resulting tariff structure distinguishes between bulk supply
tariffs and tariffs to final consumers, dividing the latter into three classes,
according to the voltage level at which they are connected to the system. The
three related sets of tariffs are color-coded: Blue (HV), Green (MV) and Yellow
(LV). The details are in Annex 111.9.,

3.41 The relationship between LRMC and the average BPP (para. 3.35), as
of September 19, 1989, is shown in Table 111.6 for each consumer category. The
tariff adjustment mechanism, combined with the high rate of inflation, has led
to an average BPP which is only 65% of both the nominal price, including taxeg
(PPP), and the LRMC.

3.42 HV and MV consumers (tariff group A), who account for 63% of all
sales, pay an average PPP above LRNC. The A4 category in particular, connected
in the range 2.3 to 25 kV, accounts for one-quarter of sales and pays an average
PPP 42% above LRMC. When adjustments are made for the billing effect, the
effective average BPP falls below LRMC: to 80% and 93% of %IRC for the A tariff
as a whole and for A respectively.7

3.43 The "non-residential" LV consumer, mostly commercial businesses and
very small industries (category 33), is charged an average PPP 41% over LRMC.
Even the average uPP is close to the level of LRMC. Otherwise, all LV consumrs
are charged an average PPP and BPP well below LRMC, with rural consumers and
public lighting showing the largest deviations. Residential consumers as a group
are subsidized heavily in economic terms: the average BPP is 42% of LRMC, while
the average PPP is 65a.

B. Financial Eauilibrium

3.44 Financial equilibrium is to be achieved by setting the average tariff
according to the principle of "service at cost", i.e. the sum of: (i) operation,
maintenance and administration expenses, including purchases of electricity; (ii)
straight-line depreciation of average gross revalued fixed assets in operation;
(iii) amortization of interest during construction; (iv) the cost of
decommissioning assets; (v) taxes other than for income (mainly property taxes);
(vi) reversion quotas (an equivalent tax of up to 4% of assets in operation) p
(vii) transfers to the National Compensation Reserve for Remuneration (RENCOR),

eFor this disAssion recall that BPPoO.65 PPP, i.e. Ma1.54 BWP.

8 Reversion quotas b re introduced to create a reserve fund ihtch would allow the Federal Govemment to
bW the electric powr asets of forefin companes. States and mmicipalities at the and of the concession
perfods. The fund is ai1n1stered by ELETFORAS and the resources h been spent an mpansion of the power
sector.
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a tariff equalization facility; and (viii) an adequate return on capital
invested, currently set at 10-12% of remunerable investment 9 .

3.45 The financial history of the power sector over the past decade is
discuemed in Section III.6. As in the case of the economic efficieney objective,
price control was exercised by the Federal Government through SNAP, to pursue
anti-inflationary objectives rather than through DNAEE, in light of the needs of
the sector and the situation of individual utilities. Far from achieving
equilibrium, the financial situation of the sector was seriously undermined.

C. Reninal Un.fomity

3.46 Until 1974, power tariffs varied regionally in Brazil, according to
the cost of supply. Then the Government established a oystem of tariffs which
was uniform nationelly, both in level and structure, regardless of supply costs.
The objective was to promote a more balanced regional development, so that
consumers would not be penalized by their location. In addition, the Federal
Government could stimulate the provision of service to remote rural areas,
provide supply at the same price to the same class of consumer regardless of
their location, and encourage the localization of industry in underdeveloped
areas. To ensure that all utilities would earn the legal minimum rate of return
on remunerable assets, the Government created a mechanism -- the Global Guarantee
Fund (GOF) (later RENCOR) -- to transfer resqurces from the financially stronger
to the financially weaker companies (see Section I.6 below).

3.47 While the system of uniform tariffs may have provided regional and
political benefits in the past, the situation has now changed, as the more
economic sources of future generation are in the North/North-East (paras. 1.9 and
3.21). The analysis of Table 111.7, which is derived from forward-looking LRMC
estimates, suggests that -- as far as the interconnected systems are concerned -
- the better-off regions of the South-East/Center-Weet and South will receive the
largest transfer of resources, expected to total US$ 4.9 billions in 1989. The
poorer Nor*h and North-East are expected to receive less than US$0.5 billion in
the sn year. It must be emphasized that the estimates in Table 111.7 refer
only to the economic cost flows related to the interconnected systems and not to
the financial flows under the GOP or RENoOR, which are quite different (see
Section III.6). On the other hand, there will be economic efficiency costs,
through: (i) higher or lower consumption levels in individual regions than those
warranted by supply costsl (ii) wrong consumer choices of fuel and location,
based on artificially high or low relative prices of electricity viz-a-viz
alternative fuels, which may cause serious long-run distortions in the pattern
of development, away from activities which would exploit regional comparative
advantage; and (iii) lower management efficiency of the utilities, an the uniform
national tariff and the associated mechanism for the transfer of funds deprive
the individual power utilities of the control over and responsibility for certain
crucial aspects of their operations.

Ramrable fnvestant is equl to net rewalued asset plus an allowne for inwentory aid net working
oapItal aims the dffferenc betwo the prior yeers' actual and allowable return alnus contrlbutions an
grants.
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3.48 Brazil's tarff structure for regiidential consuers contains a
miniu conumtlon leol (14CL) of 30 kWh per household per montch (kdWh/m) along
w^ith a series of increasingy block rates. The M1 in a formf of "llfellne" rato,
bingslaa fixed rate with a right to consume a minimu level of ole¢trLelty free
Of- charge. At thO same time, the utlllty is reimbursed by the consumer at leant
-artially for its customer-related fixed costs. The average price paid by
households increases as a percentage of LRNC from lose than 14% at the MCL of 30
kWh/m to, 76% at the highest consumption block of more than 300 kWh/m (Table
KIMS). In additicm to these subaidles:^ there are explicit subsidies for rural
consumers.

3.49 Th above trifstructu reo reidential tarlff Is baued on a ocinl
policy which has the following elementss (L) every family requires a cortaio

minimum supply of leleltrcoty; (11) although poor familied pend little Woney on
wlhatrieity in abrolute teams, lt fagures prominently in tfeir overall famaly
budgets; afie famtly incomh is posctivoly correlated wlth houfshold electricity
oonhumptiona and aev) rural consumers are puorer than urban consumers.

3.50 In September 1989, the minimum residential bill resulting from the
MpL of 30 kWh/fonth was equvalent to lsed thsn s of one minpice salary, a
porcentage whlch hea fallsn ptadily for the laft 15 year h as ha the share of
the 100 kWh bill) (see Ft g. 1h ui2). However, thare e s no explicit frrideline
rcnsegr ths d. irable minimum bill to th minimum salary or to any other
3deTtified parameter Furthermore, there ia no explanatson regarding th
porivacion of the Mo ltudlwe by DNAtRs wi ggevt that the minimum electricity
coniumptsonp of a typlcal Brailianl famely s between 93 and 117 kWh/month, a
ranec which reiults from combning the needs for lighting (14 k oh), refrigaratlon
(32-42 uWh),p lronnag (4 rura, radio and telerison t18 ha, and fans, water

$W R. situ. 1986 1t
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heaters and stoves (25-39 kwh). 1 The data suggest that the eLse of the MC$ may

be too small to eatlefy baalc needs, which would be about 50 kWh/month.

3.51 It i8 widely accepted in many countries that there are sound social
policy ergumnents for a siWbsidized "li.felino" rate. However, Brasll's
indiscriminate subsidies to all residential consumers appear excessdive,
especially as most go to the better-off. Table III.8 estimates the subsidies
enjoyed by the various levels of residential consumption, in total and per
household for each level, on the basis of the difference between the LRNC and the
average 821. It shows that the consumers who benefit most are those in the
higher consumption categories.

3.52 Taking into account this data, it is r@conuended that only two
residential blocks be employeds the first (say, up to 50 kWh/mn) would be
subsidisedp and the second (beyond 50 kWh/rn) would be charged a rate at least
equal to LRMC. 8ubsidization of a monthly consumption level of 50 kWh/mn provides
relief to the budget o£ poor families without undermining significantly the
finmrnces of the power sector: even residential consumption up to 100 kWh/r is
only 3.5% of all electricity consumption and low-income consumers, notably in the

ftavelas" , have a good record in paying bills. Of course, the amount of
subsidization to be allowed must be carefully chosen. We believe that properly
targeted "lifelinew ratesasre an appropriate way to deal with the needs of the
poor and preferable to alternatives, such as not installing meters in low-income
.households.

NADLE III.
Residential LRMC. Averaae BPP and Subsidies

IuSS of Sen 891

eg thos 3ro brag 4i{16ure #48r tr 1.9k tOSAflb tho l*r cop18en of hosloa1 h
eccol t ro pros South 6,16 S 1thEss ReWSo 17f adStol% 814le 4? htthe1W

tnflct re1oNl vaiti 1n ,A eh 1OqirDs4t ofV# Wy1a mle,P t,he 0C ol smd ow
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..u.e 111.2t Relationship Between Zlectricity Bills and Minimum Wage

11I.6 FIUNILyN FISCAL A8ERCTS

3.53 Prior to 1978, the electricity sector enjoyed a long period of robust
f inancial performance, because the oovernmkent pravided adequate equity
contributions and implemented a tarif f policy which was both realistic and
consistent with the legal rate of return on remunerable assets (IO -12#). After

1978, the Government, faced with difficult policy choices and complex
macroeconomic circumstances, including high inflation, undermined the f inaclal
health of the sector in the interests of fighting inflation. Borrowing --some
contracted on short-repayment terms, inappropriate for a power utility
implementing projects with long gestation periods and economic lives-- and then
eqyity contrLbutions dLeplaced Lnternal cash generation as the pr$mary cource of
investmont fLnancLng.

3.54 In the early 1980s, the Government agreed with the Bank on programs
to increase tarL ffe, but did not fully implement these programc thr fore, the
woreenng fi3nancial trend of the sector wai only temporarlly arrested. The real
fevis oi the arerage tarlfef and hence of groser nternal cash generation, eroded
by high tnflation, faLled to keep pace with the financlal neede of the sAftor.
Power tarlff legLelaton proviLded or the addiltlon of revenue horthalls fbelow
the leventi proje th egal mgnemum rate of return) to the rlte base and thenr
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subsequent recovery through future tariff increases, 1 2 but such increases failed
to materialize. The decline ln the average revenue (see Fig. 111.3) occurred
while the system LRMC was rising rapidly (see para. 3.30).

, pS ^' ZSu'XI . ., ......

--

Figur 212.3

3.55 The financial dterioration of the sector moved swiftly (see Annex
111.10). By 1987, the Government, notwithstanding some substantial tariff
increases, had become the major source of sector financing, with Government
equity contributions of US$5,975 million, compared with long-term borrowing oZ
only US$1,826 million. The ratio of consumer-based financing was -64.4% and the
debt-service coverage 0.44. These symptoms of financial deterioration are
summarized in Table 111.9.

3.56 While tarlff levels are an important indicator for assessing the
sector's financial performance, each individual utility has its own requirements,
which sometimes cannot be satisfied by a common tariff level. when uniform
tariffs were introduced in 1974, creation of the GGP was necessary (para. 3.46)
to make transfers from the financially stronger to the weaker companies, so that
all the individual companies would earn the m4nimum legal rate of return on
remunerable assets (10%). In 1981, because of deteriorating tariffs, revenue
shortfalls and rates of return which fell below the legal minimum, the Government
changed the role of the OGFa financial resources were to be transferred so that
all companies would earn the actual average rate of return, which was less than
the legal minimum. In 1987, after years of inadequate tariffs, the power
companies of the South-East region, under inscructions from their owners, refused
to continue contributing to the GOP, as a gesture of protest. The Government
responded to this crisis by creating a new transfer mechanism in 1988, the

12 A11 cqared with the ltl of revees which would have resulted through the application of power tariff
legislation, thee ms an accuwlated reveu defict at the and of 1987 amounting to US$7 billoin.
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National Compensation Reserve for Remuneration (RENCOR). Under the new
arrangements, no transfer is required from any company with a rate of return
below 12%. In addition, it was agreed that the rates of remuneration of the four
major ELETROBRAS subsidiaries would be less than the legal minimum in
establishing their bulk supply tariffs.

Power Sector gndcators Of Financial Performance. 1977 -1987
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3.57 Annex III.11 shows the inter-regional flows of funds since 1975 under
the tariff equalization mechanisme. The South-East consistently was a net
contributor to the scheme, while the North-East, Center-West and especially the
North have consistently been emt receivers. Although the South on balance
received funds until 1985, the amounts became relatively minor after 1980 and the
South has been a net contributor to the scheme since 1985. The financial flows
run essentially in the opposite direction from the economic subsidies measured
in Table 111.7. There are several explanations for this phenomenon. The
economic subsidies refer only to the interconnected systems and therefore exclude
the effect of the isolated systems, which impose a financial burden particularly
on the North and North-East. At the same time,, due to the uniform bulk supply
tariff, those regions do not benefit cosuensurately from their lower future
generation costs. Furthermore, the financial flows are affected by different
histories of borrowing and the debt service burden which has arisen. Finally,
the companies of the North and North-East have a greater regional development
focus than the South and South-East, which are more profit oriented.

111 7 CONCLUSIONS AND RECOMMENDATIONS FOR CHANGE

3 58 Chapters I and II explored the linkages between the Government-s
macroeconomic polLs ,9e and problems and its efforts, exercised through SNAP, to
hold down energy prices, as an anti-inflationary measure. We have demonstrated
in this Chapter the adverse financial and economic consequences of that policy,
at the level of the power sector. The sectores ability to generate reources for
investment was totally destroyed. At the same time, the low tariffs relative to
the level of marginal cost hampered the sector in meeting economic efficiency
objectives. These factors were certainly more important, in retrospect, than the
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successes arising from implementing the LRMC-based tariff structure, in terms of
improving the load profile and moderating the increase in investment (see Chapter
V). Ah a result, the Brazilian public sector (Federal, State and local
Governmenta) has had to contribute to the power sector annual mounts whlch
increased from US$400 million on average in 1977-1982 to US$2 billion ln 1983-
1985, US5 billion in 1986 and US$6 billlon in 1987. We believe that the larger
public sector defLcits which resulted were more inflationary, due to the way ln
which the Government has financed its defLcits, than the price increases would
have been. Neither were there any convinclng social arguments for the way in
which residential tariff increases were moderated, as the subsidies were not
targeted and instead operated to the benefit of all residential consumers,
regardless of income group. Indeed, the income distribution effects may have
been perverses the biggest subsidies went to the largest consumers, who are
likely to be the better-off; the very poorest receive no electricity supply at
all.

3.59 A determined move to LRNC pricing, for both the level and structure
of tariffs, would be consistent with the macroeconomic objective of deficit
reduction, with the sector's financial objectives and wlth proper demand
management principles. There are signs that the Government accepted this
position, as tariff recuperation became a main concern for a while after 1987.
The average level of the basic tariff increased during 1988 but the level of net
cash generation was adversely affected by higher operating costs and debt
service. It has been agreed between the Government and the Bank that the average
tariff billed in 1988 of US$54/MWh (expressed in prices of July 1989), represents
a minimum acceptable financial level for the near future. Such a target
(US$SS/MWh in September, 1989 prices) would be consistent with LRKC pricing,
provided that the fLscal load iE at least 30%, to bring the total to the LRNC of
US$71/KWh in September, 1989 prices, and also provided that inflation subsides,
so that RPT approximates BPT. Evidently, tariff adjustments must occur with
sufficient frequency to safeguard the zector's financial health.

3.60 Full LRMC pricing could cut electrlilty consumption by 10-15% by the
year 2000 (para. 3.14). A "low" estimate of the drop in system capacity
requirements in the year 2000, correspondlng to a 10% fall in consumption and
maintenance of the system load factor at around 70%, is 6,500 Wi a high"
estimate, implying a 15% lower consumption with an improvement in system load
factor to 75%, as the Green and Yellow tariffs are implemented, is 13,600 NW.
ValuLng the cost per kW saved at USS 1500 to VS$ 2000 yields monetary savings in
the order of US$lO-27 blllion over the 11-year perLod or between US$0.9 billion
and US$2.S billion per year. This should be compared with the current investment
program of USS6-8 billion per year for 1990-2000.

3.61 As a final conclusion on tariffs, we recommend moving away from
regLonal uniformity. In the long run, there can be a serious misallocation of
resourcesl regional incentlves for local prLvate sector participation are
reduced; and the economic subsidies will go from the poorer to the richer
regions. The financLal subsidies have gone Ln the other direction, but with
serious adverse consequences, as we have described.

3.62 The sector's planning methodologies are generally reasonable. We
have noted in partLiular the benefits of the decision to open the discussion on
planning to a wider audience; and the strides taken forward in addressing
environmental iLsues. However, the planning methodology could be strengthened
ln several directLons. Demand forecasts should allow for alternatlve scenarios
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for different macroeconomic assumptions, and different pricing and taxation
policies. Also, large individual loads and energy conservation are not being
treated properly; while more consistency with PETRORAS is called for in basic
assumptions, which should be ensured by MME (para. 2.37). Finally, risk and
reliability should be incorporated more effectively at each level of plannings
generation, transmission and distribution.

3.63 For its expansion program, apart from developing domestic
hydroelectric power for generation, the power sector should explore further the
import options, both thermal and hydro. of the domestic options, natural gas and
bagasse ar both interesting. The latter, along with other private sector
initiatives, would benefit significantly from the incentives which would
accompany the action we advocate on pricing.

3.64 The investment program needs a better balance between generation,
transmission and distribution than was achieved in the past, and changes are
occuring in that direction. The movement towards L1RC pricing, in level and
structure, would reduce demand, cut investment and mobilize additional resources,
thereby also improving the sector's financial and the Government'u fiscal
situation.
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PETROILEUM PRODUCTS. ALCOHOL AND NATURAL GA

IV. I T LI4ouI FUS Aa D M ASgm NAB T

4.1 The growth in the
consumption of liquid fuels Cohsumpt i on Fue I s
since 1970 has been uneven, 1970 1988
as shown in Fig. IV.1.
Following steady expansion ThoaWWK TOE
during the 1970s, at about Z
8. 6% p. a., overall so
consumption declined sharply
in the early 1980e, before 4-
resuming an upward trend 3o
after 1983. As a result, the
average growth rate in the g
consumption of liquid fuels _n
in the 1980. was only 1. 3%
p*a. This uneven performance *1970 1972 19f79 1M7 1 190 1994 120 Ism

largely mirrors the
development of the economy as m nimi anaOi G Oi AIoxI
a whole -- the correlation m amamew m Lm - mav,e.

coefficient between the fIweS I.1
growth in demand for
petroleum products and of GDP is 0.9 -- and the policy of replacing imported
fuels with domestic energy forms.

4.2 As can be aeen
from Fig. v.2, there has Consumption Fuels
also been a significant 1970 1988
change in the shares of 1
different fuels since 1970. ..............-
Alcohol has grown rapidly,
from negligible amounts as a.
late as 1976, to surpass the -

share of gasoline; and diesel 
has consistently increased at 4,,

a rate faster than GDP~,
despite a significant a
increase in real prices. LPG
and kerosene also expanded O, i . . . .
their shares, from around 10% 197 1971 107m 1 19" 19 19 la4 19#6 199
at the beginning of the 1970. - 0m Flat Oi Almol W
to about 15 by 1988. Fuel m i mR im 0 

oil demand, after reaching a F IV.2
peak in 1979, declined
through 1985, after which it
recovered slightly in absolute terms, but stabilized its share in total liquid
fuels demand at about 15%. The situation from 1975 to 1988 is summarized in
Table MI.1. A discussion of fuel consumption by sector is in Chapter I.
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4.3 The producti.on of natural gas expanded *teadiJ.y after 1970, from
almost zero to approximately 16 millllon ms in 1987 and 1988. From 1979 onwards,
production glrew at 13% p.,a., although, until recently, much of this wan either
U8fed by PZTROBRAS or flared. As shown in Table IV.2, ln 1987, PBRfODA8
reinjected 18.5% of the gao producedu used 24.7% in it.i production operations and
23.6% for refinery fuelg and 15.3% was ventced or flared. The relatively low
proportion of gsa losses reflects PUTROBEAS' efforts to reduce flarinsg, which in
1983 amounted to almost one-third of the gas produced. The principal markets for
natural gas are industry, fertilizers, petrochemicals, steel-making and domestic
fuel for cooking and water heating, taking a combined total of 18% of production.
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4.4 PETROBRAS'for6caste to te year 2000 ar in Table rv..... Thy.r
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TAUS XV. 2

...... .... 

4. s PETROBRAS' methodology suffers from some important limitations.
First, PETROBBAS employs different GDP projections from ELETROBRAS (see Section
111.2). Second, PETROBRAS' forecasts are essentially trend projections, tempered
by judgement. Some of the models consider variables other than time (such as
population distribution, number of households, and size of the vehicle fleet) but
none has a consistent analytical basis which would allow sensitivity analysis to
be undertaken and the direct consideration of the alternative scenarios; and none
consider price as an explanatory variable. As in the case of ILETROBRAS,
PSTROBRAS' approach handicaps the policy maker in dealing with the high degree
of uncertainty that confronts strategic planning.

IV.2.2 Alternative Demand Scenarios

4.6 In order to overcome some of these methodological limitations, the
mission developed alternative forecasts on the basis of simplified analytical
models, derived from regression analysis (see Annex I.9). As with the power
sector (see Section 111.2), we developed alternative forecasts on the basis of
two pricing scenarios. Under the basic scenario, "Business As Usual" (BAU), the
domestic price level for petroleum products is kept in line with the
international price level and the existing structure of domestic prices for
petroleum products, alcohol and natural gas is maintained unchanged. In
practice, this means that the domestic price of each individual fuel will change
par pasau with the international price. The "Efficient Pricing Scenario" (UPS) ,
assumes, in contrast that the relative domestic prices of petroleum products are
progressively moved into line with the international price structure by 1995.
In terms of the March 1989 retail prices and delivered economic costs (Table IV.6
and para. 4.30), this means an increase of 73% in the price of LPG from 1989 to
199S, 22% for kerosene, and 40% for fuel oil; while gasoline and diesel would
decrease by 48% and 8% respectively. For alcohol, which competes with gasoline
in the Brazilian market, the price is assumed to attain equivalence with that of
gasoline by 1995 (on the basis of thermal content), implying a decrease of 44-
S4%.1 For natural gas -- which is in short supply and principally replaces fuel
oil at the margin -- the price under BPS is equal to its economic opportunity

' Depnding wether itpowt or export parity is used. Equivalence on a theram basfs (f.e. eqal prices
per toe) mea that the price of hydrous alcobol mill be 812 of the price of gasoline (see para. 4.30).
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value, vtz. the coot of fuel oil in energy equivalent terms, implying a 528 price

increase from 1989 to 1995.

4.7 moth scenarios incorporate the same World Bank forecasts regarding
GDP growth and future movements in the lnternational price of oil. The two
scernarios also incorporate supply restrictions for alcohol and natural gas. Sn
BAli, the maximum supply of alcohol is eqpal to the industry's preslenr approved
capacity of 16 million m3 per year; and the oupply of natural gas is constrained
at 17 million up/day, the level of available supply which appears attainable by
the year 2000 (see Annex P1.1). In EPS, the same upper limit is placed on
natural gas production but two limits are set for the alcohol supply. $n the
first, as in BhU, alcohol supply cannot exceed 16 million m3 per year -- sub-
scenario EPS(U). In th. second -- KPS(L) -- w assume that no new alcohol-
powered vehicles are sold after 1990 and the proportion of alcohol in gasohol is
maintained at 12%.? While the second sub-scenario is politically more difficult
to achieve, it is economically preferable and gives a significantly lower lfimit
to alcohol consumption. These scenarios are summarized in Table IV.3.

ThILLLEIV
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4.9 Without the upper
limit on alcohol supply
imposd by BPS(U), the Petroleum Products
consumption of alcohol would osmd TOE)
continue to increase as the 10
vehicle fleet increases. 10S
According to the PETROER 100 MBSW
A.1 scenario, alcohol staEply 9
would exceed 16 million m b_
1994 and reach 24 million m}
by the year 2000. Under E
BPS (L), the manufacture of sO
alcohol-powered care would la
stop after 1990 and all new 70
vehicles from 1990 onwards 5 
would be gasohol-powered. so
The gasoline/anhydrous 195$ 1981 I9S 1095 197 19
alcohol mix would be
maintained at the present Ffgure IV.3
ratio of 88/12. There would
be a steady decline in the consumption of hydrous alcohol, as alcohol-powered
vehicles are retired, with hydrous alcohol consumption falling from the present
annual level of about 10 million m3 to about 2.5 million m3 by the year 2000.
Anhydrous alcohol consumption would increase, as part of the increasing demand
for gasohol, from around 2 million mn at present to perhaps 3.3 million m by the
year 2000. These estimates suggest an aggregate demand for alcohol in the order
of 5.8 million m3 in 2000 compared with 12.6 million Ms in 1988.

IV.3 PETROLEUM SECTOR DEVELOPMENT STRATEGY

4.10 In November 1988, PETROBRAS issued an action plan, the "Plano de Acao
do Setor Petrolsoo (PASP), which laid out the broad lines of a development
program to the year 1997 (see Annex XV.1). Under PASP, Brazil would reach
virtual self-sufficiency in crude oil production by the end of the century. ln
parallel, natural gas productior would increase to 70 million M3/day. PASP

required an investment program of USS3.4 billion per year. However, within
months of its publication, PA1" was rendered obsolete by the initiation of the
Government's new anti-inflationary program, the "Summuar Plan" of 1989.

4.11 At the same time that PETROBRAS issued PASP, a natural gas
development plan, PLANIAS, was completed under the auspices of CNN (see Annex
rV.1). The production target was in line with PASP, but a more detailed analysis
was given of natural gas utilization. PLANGAS envisaged a major expansion in gas
supply to domestic, commercial and industrial consumers, along with increased use
for power generation, transport (substituting for diesel and gasoline), and (to
a lesser extent) petrochemicals and fertilizers. The goals were ambitious and
would have required a large investment program, but PLANGAS also became obsolete,
in view of the anti-inflationary measures adopted under the "Summer Plan".

4.12 Conrequently, PETROBRAS has ben without a clearly-articulated
investment program. Our approach was, therefore, to analyze the BAU and BPS
demand scenarios in conjunction with an envelope of two investment scenarios.
For a *low" investment scenario, we selected maintenance of the 1988 level of
investments for exploration and development (about US$1.5 billion per year); and
as a "high" scenario, we postulated doubling those investments, to represent the
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maximum which we believe could be achieved in practice. We then traced out the
implications of alternatlve developoent strategies, in torms of the domestic
productlon of oil and gas and of oll imports. We relied on an analyaLs of the
hLotorical relationships between investment, on the one hand, and thg growth ln
oil and gas reserves and in productlon, on the other. After Lnclusion of the
refLnery Livestment impiLed by the strategies, the "low" and "hlgh" investments
corresponded to US$1.9 bllion and US$3.5 bllion per year, respectively. The
details are in Annex IV.1.

4.13 Two maln conclusiLons emerged. Firet, on the basis of World Bank
projectiona of international oil prices, the average Lncramental cost of domegtLi
oll, at about US$25/barrel, li marginally (4%) above the cost of imports, for
both the 3AU and BPS scenarios. Nevertheless, given the margin of uncertainty
in our cost and productLon estimates and the additLonal securLty that self-
sufficiency provides against unforeseen Lnternational oil prLce increases and
supply disruptions, it is appropriate for Brazil to develop its dosestic oil
production, provided that PETROBRAS pursues its cost-minimization efforts,
through the upgrading of its costing system, currently under way. Second, the
implementation of an efficient level and structure of pettoleum product prlces
would reduce annual costs by roughly 4%, for both the high and low investment
scenarLos, which translate into annual savings of soe TISSO.3 billion.

IV.4 REUINXNG OF PETROALEyUM PRQ=S

4.14 The development of BrazilLan refLnery output and yield are in Annexes
Mv.4 and IV. S, respectively. Output of refined petroleum products has grown
steadlly over recent years, by about 1.3% p.a. from 1980 to 1987. Output was
close to 67 mllion .3 of products in 1987, of which 93% was produced by
PETROBRAS and 7% by privately-owned refLneries. DLesel oil accounts for 35% of
output and gaMoline and fuel oil for 17-18% each. Since 1980, the importance of
domestic crude as a feedstock increased from 17n of consumption to ;7% In 1985,
but with domestic crude production stagnating ard consumption continuing to
increase, the domestic proportion declined to 50% in 1988 (Annex rV.2).

4.15 There have been important change. in the profile of refinery
production, due to the impact of PROALOOOL on the demand for gasoline and the
continued expansion in demand for diesel. In 1973, about 28% of reflnery output
was in the form of gasoline and 22% diesel. By 1988, these percentages had
changed to 18% and 35% respectively, due to investments by PETRO8RAS which helped
the refineries to modify the product slate to match more closely the needs of the
market. Even so, a surplus of gasoline has been produced -- growing from 324,000
m3 in 1977 to 5,173,000 m3 in 1988. Initially, this surplus was exported
principally to Africa and Latin America, but, due to changing market conditions,
90% is now sold in the US.

4.16 PUTROBRAS bases decisions regarding the mix of domestic crude
production and imports, the growth of refinery capacity and the mix of petroleum
products on a production model, in which relative prices are a major determinant.
The model predLcts a need to increase refinery capacity by 1.7% p.a. to 1997.
The product balance is expected to shift, with diesel increasing to 38% in 1997,
fuel oil recovwerng to 23% and a decline ln gasoline to 13%. Brazil is expected
to be a substantial net importer of LPG and diesel; a net exporter of gasoline;
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while fuel oil imports and exports should be roughly in balance. The scenario
to 1997 also postulates increased self-suffcLency ln oil, rising to 71% in 1997.
These predictions and conclusions of the model arc highly sensitive to Government
energy policy, proeminently with respect to the alcohol program and investment
in the hydrocarbons sector. Additional studies and simulations are urgently
required, based on consistent scenarios 3nd policy alternatives for domestic
crude supply, petroleum products demand, alcohol production and inve'tment. In
this regard, as in many others, PITROIMSI ongoing costing study can 1rovida key
ir.formation.

IV. 5 THE PRICEIN Ot- PEROLNU PRODUCTS. ALCOgOL AND IsTURAL Qaj

Iv.5.1 Taxatlon Pokicy

4.17 The retail prices of petroleum products and alcohol include a variety
of taxes, although alcohol has been exempt from some. Prior to the October 1988
constitution, the fiwcal regime was essentially oriented towards the Federal
Government, but the old tax system has been largely replaced by a system which
transfers the bulk of the receipts to the states and the municipalities, leaving
a much lower proportion for the Federal Government. The main features of the
present system are&

o The ICM8 (see para. 3.34), a value added tax charged by the States,
typically at 17% of the retail price, although in som States 18%,
for most products. LPG is an exception, having a tax rate of 12%.
PETROBRAS is exempt from 1C08 in the State of Rio, where much of its
production is located;

o The Imposto sobre Venda no Varejo de Combustivel (IVVC), which is
levied by the municipalities. The tax varies locally, but in most
mumicipalities has been set at the maximum limit of 3% of the pump
pricel and

a The 1PX, PI8 and FINSOCIAL, which have been retained from the old
system, but together account for lose than 2% of the price.

4.18 These taxes aggregated about :'7% of the retail price, as of the end
of 1989. Forecasts for 1990 uggest an average transfer from the sector to
Federal, State and local governments in the order of 20% of the retail price.
The "fiscal load" by individual product, as of January 8, 1990, when most of the
fiscal reform was in place, is in Table IV.9, and shows a weighted average tax
of nearly 20%. Sam international comparisons of petroleum taxes are in Annex
1V.20.

4.19 Beyond the taxes on fuels, there are various taxes on vehicles and
vehicle ownership and there ar road user charges, as detailed in Annex IV.14.
ThP vehicle ownership tax discriminates in favor of alcohol vehicles.

1V.5.2 Existing Pricina Polit

4.20 Two sets of Pederal legislation regulate the level of retail prices
for petroleum products. The first establishes genral guldelines, including the
principle that prices should reflect the cost of imports and that regular
adjustments should be made for inflation, consistent with the Government's
exchange rate policy. The second set aims to ensure that prices will provide,



at a minimum, the following rates of return on each of PETROBRAS' main
activitios 12% on transport; 15% on refining; and 15% on exploration and
production.

4.21 Within the "basket" of petroleum products# there is no formal policy
of cross-subsidization; indeed, to the extent that a policy with regard to the
structure of prices has been articulated, it has tended to stress the importance
of economic factors. Goals have been set to raise the price of LPG to a level
that would encourage energy conservation; to close the gap between diesel and
gasoline prices; and to price fuel oil on a par with substitutes in thermal
equivalent terms. In reality, the Government, through SEAP, has manipulated the
"basket" in such a way as to produce revenue for PETROBRAS in a way perceived
ta be the most consistent with anti-inflation policy (see Chapter II). As in
electricity supply, it has been Brazilian policy to have uniform prices (before
taxes) for petroleum products, with regard to both level and structure,
regardless of supply costs.

4.22 The price of alcohol wa set at 65% of the price of gasoline, until
mid-1988 to give it an advantage over gasoline on a volumetric basis. The parity
price in terms of fuel efficiencies, i.e. equivalence on an energy basis, is 74%
- 81% of the gasoline price, depending on the vehicle model and the size of the
engine. Since mid-1988, that price advantage has been steadily eroded, and the
volumetric ratio stood at 75% in October 1989.

4.23 In the past, natural gas pricing was geared mainly to encourage its
use in petrochemicals, fertilizer production and substitution for fuel oil. This
situation is undergoing change and progress is being made in the reform of
natural gas retail pricing policy, notably under Loan No. 3043-BR. Under the
1988 Constitution, the authority to set retail prices passed from the Federal
Government to the States (Chapter II) and the detailed consequences have still
not taken full effect. CNP continues to set the bulk supply prices, for the
transfer of natural gas from PETROBRAS to the State distribution companies, and
has confirmed its policy of basing those prices on the economic cost of supply.
At the State level, the key decisions will be taken in Sao Paulo and in Rio de
Janeiro. The former is committed to LRMC pricing and economic efficiency, taking
into account social and financial obligations. The latter has still not designed
a new policy to make the likely transition in the future from town gas to natural
gas. Evidently, given the cross-elasticity of demand between gas and other
fuels, notably f-4l oil anr LPG, CNP's power over retail petroleum product prices
gives it an inz.lrect influence over retail gas prices.

IV.5.3 Petroleum Products

4.24 The economic costs of the main petroleum products (as of March 1,
1989) reo shown in Table IV.5 for Brazil on average and in Table IV.6 by region.
Naphtha is not sold as a final fuel in the retail market but is used in bulk as
a feedstock in petrochemicals and in the reforming of town gas. For this reason
it is shown only for Brazil as a whole. The reference point for gasoline is the
export price if Brazil is a net exporter, or the import price of gasoline with
essentLally equivalent combustible properties to Brazilian gasohol. On average,
in terms of border prices, the economic costs of diesel and gasoline are quite

sA sham later, to the extent that gas is a sustitute for residftial electricity, DNAE in theory also
exercses sme Indirect nftLuence over ps pricirn.
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closo to one another, although higher than other petroleum products. Fuel oil
and naphtha are the lowest-cost products. For the geographical analysis, we have
shown only the import (elf) cost of gasoline and Table IV.6 confirm that the
regions with a high concentration of population and close proximlty to the coast,
namely the South and South-East, have the lowest delivered costs for each
products while, except for LPG, the Center-West ia the most expensive region to
supply, with its more diapersed and remote population distribution.

4.25 The retail prices of petroleum products, including taxes, as of March
1, 1989, are also shown in Table iV.6. As stated in para. 4.21, these retail
prices are regionally uniform. The average domestic price of a composite barrel
of oil products, including taxes (US$ 33.56/barrel), is 9% above the average
o.bfder price (US$30.76/barrel), including all the costs of transport,
O.6stribution and sales to the final consumer. However, this price level is
achieved by high gasoline and (to a lesser extent) diesel prices, which cross-
subsidize other petroleum products. LPG is priced at 58% of import parity; fuel
oil at 72%1 kerosene/jet at 82%; and naphtha at 33%. Based on 1988 consumption
data, the implied economic subsidies for these products are as followes

LPG US$ 594 million
Fuel oil US$ 397 million
Kerosene/jet US$ 117 million
Naphtha USS 26 million
Total ASWl.3ril2lio

Of course, arithmetically, these subsidies are more than offset by the implicit
taxes on gasoline and diesel.

4.26 In regional terms, the highest subsidies per unit of product are in
the North and Center-West, where the absolute consumption is low, so that a very
small proportion of sales and consumption is involved. Hence, while these
regions receive about US$280 million in subsidies, it represents les than 3% of
the total revenues from the sales of petroleum products.4 The regional
differences between prices and costs ir financial teome is thus not a major issue
for PETROBRAS and is handled internally through a price equalization fund, the
Frete de Uniformizacac de Precos (FUP). A component of the retail price of
gasoline and diesel is earmarked for this purpose, like a tax. Since PETROBRAS
is & monolithic institution, the regional price equalization fund for petroleum
products works amoothly, . n contrast to the ait%kation in electricity supply
(para. 3.56).

4.27 From an economic viewpoint, the regional cross-subsidies are more
troublesome. As we have pointed out in the case of electricity pricing, they
distort patterns of development away from activities which would exploit regional
comparative advantage. 5 For example, they reduce the incentives to develop and
exploit local energy sources in high-cost regions. Furthermore, implicit
subsidies lack transparency with respect to resource flcws and economic losses.
To the extent that the subsidies generate activities that depend on the subsidy

4 The dells ore as follows. Subsf* to: North, US0 26.0 mtliton cO.2X of reveu); Center-West, USS
253.9 vIllion C2.3% of revu); Susid from: North-East, USS 113.8 mitlion (1.0 of revem); South, USS
177.9 million 1.6 of revenue); South-East, USS 445.1 millton (8.2X of revue). Total Not Surplus: US. 956.9
million (8.4K of revee).

1 For further discsuion, see aLso Vord Snk Report No. 7738-SR on s4ubsdy poltees, . £ DecsRer
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for viablllty, they create a lobby for their perpetuation, regardless 
of the

economic conseoqencee

4. 2e While diesel oil and gasoline are both priced in excess of their

ecor.omic costs, the latter is over-priced relative to the former, which haE

caused some undesirable inter-fuel subotitution on the part of small and medium

trucks and of pick-ups after the mid-19709. The demund for diesel oil has

increased consistently faoter than GNP over the past 30 years, despite 
a nearly

seven-fold increase in real prices between 19S4 and 1984 (Annex MIS). The

growth of teh road transport indut3try, which is now rseponsible for 7S% of the

conounmpkLon of diesel and, to a lesser extent, the developmeent and mechanization

of agriculture have been the main factors.6 We estimate that the consumption

shift f ram gaaoLine to diesel oil was about 2. 0 billion liters in 1988 
(see Ame6x

IV. 16) . ThLtb corresponds to perhaps one-quarter of the present fleet of pick-ups

and medium-size trucks and one-half of small trucks. The substantial xncreases,

after the two oil shocks. of the energy costs relative to capital 
costst in the

cost struc1tures of t-. -- have been major factor in thL ?su titution, as in
many other countrief aimce the higher fuel efficiency of diesel engines

justifies their higher manufacturing costs. Nevertheless, the high relative

S Amex4I.. 

44::~~ s>eBst5
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price of gasoline to diesel oil (Annex IV.15), which the Government increased
from about 1.2 prior to 1973 to over 2.2 in 1980 and 2.6 in 1987, has contributed
to the acceleration of the dieselization of the above-mentioned fleets.

4.29 Like petroleum products, alcohol is a tradeable. Following recent
shortages in the domestic supply of alcohol, due to the switch by sugar producers
from alcohol to ougar exports, Brazil has become an alcohol importer, at a
reported cost of about US$ 50 per barrel (cif). The international market is
limited, and able to satisfy less than 10% of Brazil's 1988 consumption. For
this reason, PETROBRAS is seeking permission to substitute imported methanol for
alcohol, so far without success, due to environmental objections. With regard
to domestic alcohol production, we have assessed estimates of the economic cost
which appeared in various atudies, including the Dank's recent Public Expenditure
Study and Sugar Subsector Review.7 Given the controversial nature of the
alcohol program, the estimated costs vary widely. They have also been made at
different points in time, so that there are problems in comparing the results.
The Public Expenditure Study estimate of US$ 33.9/barrel, expressed in prices of
March 1, 1989, should be regarded as the lower limit.6 The PCR for the Alcohol
Project gives a similar result. Again converting to March 1, 1989 prlce levels,
the World Bank Appraisal Report of May, 1985, suggests a figure per barrel in the
range US$ 47.54 to US$ 60.42; while the Getulio Vargas !,oundation (WGV) obtained
US$ 41.02/barrel, almost the same as an estimate by SOPRAL. Given the
uncertainties surrounding the data, we have retained the FGV figure as a "best
estimate" of the LEMC of hydrous fuel alcohol in our analysis. Table IV.7
identifies the corresponding delivered economic cost for Brazil on average. We
have not examined regional variations in the cost of delivered alcohol: regional
data is at least as contentious as average datal and the issues raised are more
pertinent to the agricultural sector. However, as we see In Section IV.7, for
policy decisions on the alcohol ptogram it is essential to formulate acceptable
data on the regional costs of alcohol production, as part of an analysis of the
dynamics of the LRMC.

2V.S.4 Alcohol

4.30 The retail price of hydrous fuel alcohol is now set at 75% of the
level of gasoline. The gasoline price is US$ 71.97/barrel (see Table IV.6),
which dictates a price of US$ 53.98/barrel for alcohol, almost equal to our
estimate of the LRMC (US$ 53.20). However, this situation is misleading, because
the economic cost of gasoline, which is a close substitute, is less. The maximum
economic value of alcohol in use is the economic cost of gasoli-s on an energy-

7 "Brazils Public ExpmenIture, SL6sidy Polfcfes ad Budgetary Reform," Reort No. 7738-BR and "Brazil:
Sgr asdector Reviet," Roport No. 7589-DR. Also, CERAL, "The Nlatial Alcohol Progri," Nay 1988; L.C.
Naco, "Alcchol as an Alternative Fuel," April 4, 1989 (Cuatemula); and CUE, "Avatiaceo do Programs Nainol

do ALcoot," grasf tli, 1987.

e The estimate Is the lower limit bec1a It was based on the nst generous cost data" ard ma calculated
to valuate the economcs of the alcohol prograo ex-post under the most favorable circustnces.
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aqulvalent basis. Using the border price of gasoline ilmports as a reference, the
average economic COSt of delivered gasoline from Table IV.5 is US37.19 per
barrel, i.e. US$ 30.12 per barrel of alcohol equivalent on average, after the 814
adjustment for energy equivalence. Based on 1988 consumption data, the implled
economic subsidies to the alcohol sector from the sale of hydrous ethanol are U8S$
..4 billion per year.9 If the export price of gasoline is used, the subsidy
increases to US$ 1.7 billion per yearl using a price mid-way between import and
export parity -- qaooline exportsa re roughly 50% of alcohol consumption -- gives
an annual subsidy to hydrous alcohol of US$ 1.55 billion.1°

-C.31 To this figure must be added the subsidy to anhydrous alcohol. While
t.he LRMC of anhydrous alcohol is slightly higher than that of hydrous alcohol --
perhaps by 6% 1 -- it can substitute for gasoline virtually on a one-to-one
basis in gaohol. For simplicty, we assume that one liter of rthydrous alcohol
substitutes for one liter of gasohol and has a LU"C equal to that of hydrous
alcohol, making the subsidy US$ 202 millior on import parity; US$ 283 million on
eXport parityl and U8S 242 million, using the average of import and export
parity.

a Froz Tabte 1.3 1988 hydrous atotcoptot1n s 9.6 bittfion t fters (60.5 mftIon barrets). The
calcutated difference 6i;;en the UlC of otchot sndthe th tunity Apohrt vatua Is t' .08 per barret.

° Frm Tabte 1V.S the ssotiro prfee t.o.b. Rotterda (tees ocea treight atd port chars6) Is US18.99
per barret. Adjusting for the savings in fnternal tr rq rt and distrfbutfon and energy equvolence gves an
equfvalent abtchot vasue of USi24.89 per berprc.

See ercd Bank Pubost Expeniture Studb gasoine 



.62 -

ZNU XV-7 ~ ~ ..v,A

4.32 It can be concluded that, taking the aV f .gure as our best
approximation to the LRMC of alcohol and on the basis of March 1989 gasoline
price data, the total economic subsidy to alcohol, relative to 1988 alcohol
consumption, was US$1.6 billion - US$2.0 billion, depending whether import or
export parity is used for gasoline prices. The mid-value, i.e., US$ 1.8 billion,
serves as an acceptable point estimate.

IV.5.5 Natural Gas

4.33 We have calculated the economic cost of natural gas as the domestic
long-run marginal cost of supply, excluding royalties, taxes or other transfer
payments. Import options exist, and talks are already underway with Bolivia, but
no contracts have been signed for natural gas delivery and little serviceable
information is available on the likely cost of imported gas delivered in a major
market, such as Sao Paulo. The LRMC of domestic gas is location-specific, due
to the lack of interconnected systems and the high cost of long-distance
transmission. We have made a rough calculation of the LRMC of the principal gas-
supply regions in Brazil, taking into account, as appropriate, the costs of
exploration, development, transport and distribution; and a depletion allowance.
The details are in Annex IV.17 and the results are summarized in Table IV.8.

4.34 Important changes are taking place in natural gas pricing, as this
clean and convenient fuel begins to penetrate Sao Paulo and Rio de Janeiro. A
major etudy of natural gas retail pricing is underway in the State of Sao Paulo.
Hence, only broad principles of gas pricing have been articulated by CUP, for
bulk gas supply; and by the State of Sao Paulo, for retail supplies. While these
principles accept that economic costs will be the basis for future gas pricing,
the details remain to be worked out.

4.35 The opportunity or "netbacku value of gas is equal to the opportunity
cost of substitute fuels, adjusted for any differences in the cost of
utilization, such as lower equipment costs or higher efficiancy, and the premium
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value of gas, stemming from its greater ease of handling, cleanliness o etc.. The
opportunity value establishes the key benchmark for officient retail gas pricing,
when gas le in short supply, to ensure the correct allocation of gas between
competing uses. 12 In the longer term, if gas is expected to be in surplus, as
reserves and infrastructure are developed more fully, and if gas continues to be
neLther imported nor exported at the margin, the appropriate benchmark would
shift to the LP1C. Given the high cross-elasticity of demand between gas and
other fuels in aoe uses, as long as distortions remain in the prices of these
competing fuels, natural gas pricing In practlce tay have to rely on "second
best" rules, to ensure efficient inter-fuel substitution. Thus, it will be
necessary to compare the potential demand and supply conditions in the fuel
markets to arrive at more precise conclusions regarding an appropriate retail
pricing policy for gas. As we discuss later, some additional concerns need to
be lntroduced for efficient bulk supply prLeLng.

4.36 For the near term, natural gas will compete princlpally with fuel oil
in the industrial sector, and LPG and electricity for domestic and commercial
use. By the mid-1990s, it may also compete with diesel oil, gasoline and alcohol
in the transport sector. The netback values for these applications of natural
gas are in Table IV.8 and the detaLled calculations are shown ln Annex IV.17.

4.37 The potential for natural gas in power generatlon is still unclear
but we believe that it could also be a viable optlon by the mld-1990s. Its
aetback value should be at least as high as heavy fuel oil in industry.13

Furthermore, if thermal plants are required in densely populated areas, natural
gas is much less polluting than heavy fuel oil. It is our judgment that the
domestic supply of natural gas will probably not be sufficient in the coming
decade (see para. 4.7) to support a substantial program of gas-fired generation,
given the economic value of alternative uses (see para. 4.38), although important
local options could be avaLlable, for example in the Amazonian region.
Discussions on the import of gas from Bolivia and Argentina have been initiated,
and we urge the Government to continue to pursue these options. As stated above,
we do not have data on the economic cost of gas imports delivered to a major
market, such as Sao Paulo, but we recommend (in para. 3.24) that ELETROBRAS
investigate fully the use of natural gas among other thermal alternatlves, to
moderate the dependence on hydroelectric power in its generation expansion
program.

4.38 Table [V.8 yields some broad conclusions on ratural gas utilization
for the applicatLons of natural gas which have been evaluated. Given the high
"netbackt@' relative to LRMC under the assumed conditions for most upes, the
development of Brazil's natural gas resources in the markets considered would
result in substantial positive net economic benefits to the economy. It can,
therefore, be expected that natural gas will be in short supply, relative to its
opportunity value, at least until the year 2000, in light of the substantlal
demands which have been projected for its substitutes (fuel oil, gasoline and
diesel).14 Howevir, except in the South-East, the economic cost of CNG is over

2 Gasf i ln short supply If dsmdW ould exceed suppty at a price eqwal to LUC.

'3 The notbwck would have to be calculated for specific applications and could be higher or loer, for
exmple depending on the location of the power plant and its utft ition relative to the load curves for both
the natural gas and electricity suppLy system.

"' In ihort supply becum demad would exceed supply with price a LIC.
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80% of the netback value of gasoline and diesel oil. This differential may be
sufficient only to justify the conversion of high-mileage vehicles, such as buses
and trucks, to CNG.

A, WX~~LZY
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4.39 Table IV.8, in conjunction with Table IV.6, points to som
conclusions on retail Sas pricing, taking into account the indirect influence
which CNP eAd DNMA exercise through their role in the pricing of substitutea.
The high zatail prices for gasoline and diesel relative to "netback" values mean
that the benchmark for "first-best" efficient gas pricing with limited oupplies
can be followed, namely a gas price based on "netback" value.15 Fuel oil is
priced below its economic cost, but the ratio is sufficiently high, given the
premium value of gas of at least 20% over fuel oil, to suggest that the principle
for efficient pricing could still be pursued. In the case of residential
electricity supply, which is priced at less than 50% of its LRWC, the ratio of
netback to the LRMC of gas is so high that uoing the retail price of electricity
as the benchmark, to ensure efficient inter-fuel substitution under the criterion
rf the "second best", would provide a gas price well in excess of the LRMC of
gas. The most problematical case is IWG. The price of LPG is so heavily
subsidized for social reasons that -- to ensure correct interfuel substitution,
under the rule of the "second best" -- the price of natural gas would have to be
set at roughly 60% of the opportunity value, i.e. around US$ 4.21/million BTU,
which is below the LRMC of gas. LPG pricing will be taken up again in para.
4.45.

4.40 Clearly, more detailed analysis is required before an efficient
,retail gas pricing policy can be implemented in practice. The studies carried
out as part of PLANGMA provide useful input data, but soma critical information,
such as the cost of developing gas offahore and onshore in the regions remote
from markets, should be refined. The upgradLng of its costing system, which
PETRObRAS is now conducting, will represent an important move in that direction.

4.41 Eulk supply gas pricing needs to take into account some additional
concerns. The high "uetbacks" to natural gas relative to its LRMC imply that
substantial economic rent could accrue to the sale of natural gas, even allowing

' The discuissin fn this parwraph based an the premse that retback" vaLue exceeds LIUC.
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for distortions which exist in the retail pricing of petroleum products. An
important isue is therefore how this rent should be shared between the
Government, PETROBRAS, the State distribution companies and the consumer and the
implications of that sharing for the long-run incentives which are provided to
PETROBRAS to find and develop gas reserves.

4.42 The development of higher-cost non-associated natural gas has lagged
behind that of associated gas, as shown by the high reserve-to-production ratio
of non-associated gas (44 years in 1986, see Annex IV.7). In terms of natural
gas supply, out of a total supply of 6.6 billion n3 in 1988, only about 1.1
billion ne (17% of total gas supply) was contributed by non-associated gas
reserves. Careful attention therefore needs to be given to the adequacy of the
bulk supply price which PETR08MS receives for natural gas as an incentive to
develop non-associated gas reserves. The bulk supply price would need to be
established above the average incremental cost of exploration and production plus
transport costs, to give PETROHRAS an appropriate share of the economic rent.
Another benefit of the upgrading of PETROBRAS costing systen is that it will
provide necessary data to help to resolve tiAs iesue.

4.43 Aside from the level of the bulk supply price, CNP needs to establish
guidelines on the structure. Distribution companies will require a higher
quality of service than many direct industrial consumers and their load pattern
will vary. A range of options on structure exists, involving, for example, the
use of fixed and varLable charges, demand and commodity charges, take-or-pay
etc.. Flnally, there will be a need for geographically-differentLated bulk
supply tariffs, based on local production costs and transportatlon dlstances,
which could lead to widely divergent prices between regions where onshore
associated gas predominates and regions where offshore non-associated gas must
be produced.

IV.5.6 Social ConsLderatLons

4.44 Both residentlal electricity and LPG are priced below their
respective economic costs, to provide subsistence quantities of energy to lower-
ineome consumers at an affordable cost. Hence, to promote efficlent lnter-fuel
substitution and induce consumers who use LPG and electriclty for cooking to
switch to natural gas, the price of electrlclty and LPG would have to be
increased or the price of natural gas would have to be set at a competitive
level, below its opportunity value. We have argued, in Chapter IIT, that
restructuring of the residential electricity tariff is desirable in order to
target the needs of the lower-income population more etficiently. A suggested
approach was to have a 'lifeline" (subsidized) rate for a monthly consumption of
50 kWh per month or lses and to charge all additional consumption at full LRZC.
A similar "lifeline" tarlff could be established for natural gas consumers.

4.45 The case of LPG is dlfferent. FLrst, the social argument for
subeidiLing LPG is weak. Based on a national survey of family expenditures, 1 6

families with incomes exceeding seven minimum salaries consume on average three
times as much LPG as lower-Lncme families, i.e. with two minimum salaries or
less. At the same time, the low price of LPG relative to other liquid fuels,
notably gasolLne, has encouraged its clandestine substitution in motor vehicles;

'EsttUdo actnMet de DeSpese do FPfite (ENDEF). See A.P. Rodri gues, N.G. Rodrius ed N. Arcues, "GLP:
os FatPss Arponts de Polttfct de P.-aoe Sao Paulo !rwrgfa, No. 53, June, 1989; and N. Aroue wnd A.P.
Rodrigues, "The Structure of Energy oemnd n the Residential Sector in Brazit", CmPE, Jua., 1988.
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and discouraged the use of gas as an alternative. From Table rv.6, LPG is priced
at Us$ 15.50/barrel (US$ 4.21/million BTU), s8% of the average economic cost of
US$26.89/barrel, which means that natural gas could not compete with LP" outside
the South-East, unless priced below LRNC. In the South-East, where the gas is
predominantly associated with oil and therefore has a low LRM(, it might also
need to be priced below cost, given that our estimate (USS3.98/million BTU) is
approximate, less than 10% below the retail price of LPG, and has a margin of
uncertainty. On the other hand, increasing the prlce of LPG is unlikely to have
any major harmful impact on lower-income familiess it has been estimated that
only 1.5% of the family budget is spent on LPG for families earning up to two
minimum salaries. 17 There are, therefore, powerful arguments in favor of
raising the price of LPG in line with its full economic cost. The energy needs
of lower-income families can be met with alternative energy supplies, including
fuelwood as well as commercial energy; and with electricity and gas, there are
well-tried techniques to ensure that this takes place in a reasonably efficieut
manner. Such techniques were discussed for electricity in Chapter Ix. Some
details on pricing gas for low-income supplies are in Annex I.18.

MV.6 FItNCIAL ANM FISCAL ASPECTS

4.46 The financial performance of PETRO0RAS during the early 1980. was
healthy, with a net operating income in the range US$2 to US$3 billion. With
this revenue, the jompany was able to generate sufficient funds internally for
over three-quarters of its total funding requir emnts. Generally, investment-
related borrowings did not exceed 25% of needs. Despite the large investment
program of this era, PETROBRAS consistently ended its fiscal year with cash
surpluses.

4.47 From 1986 to 1988, financial performance deteriorated. Between 1986
and 1987, revenues (after sales tax) fell 11%, from VS$13.0 billion in 1986 to
US$ 11.5 billion in 19871 and by a further 9% in 1988. Operating costs in 1987
were som 28% higher than in the previous year. In 1988, while the operating
costs were still 19% higher than in 1986, compared to 1987 they improved by 7%.
In 1987, PUTROBMAS net profit, less than US$0.2 billion, was only 10% that of
1986. The situation in 1988 improveds net profit was in excess of US$0.6
billion but still only about one-third of the 1986 level. The financial decline
was due primarily to the effects of increasingly high inflation, which caused
real erosion in domestic price levels, due to delayed or inadequate price
adjustments. Puthermore, in 1987 the situation was aggravated by the need to
enter into more expensive short-term purchase contracts for crude oil, a
situation which was largely remedied in 1988.

4.48 Because of its decreased earnings and its prudent financial policy,
PITROBRAS reduced its investment program from US$2.4 billion in 1986 to US$1.8
billion in 1988 and maintained a relatively high level of self-financing, by
borrowing only about 25% of its now constrained program. PETROBRAS' gross
revenues for 1989 are estimated at US$14.3 billion and net profits about US$850
million, a significant improvement over 1988 results, although still below
earlier levels.

4.4q The hydrocarbons sector as a whole has contributed an estimated
Us$ .6 to US$3.4 billion annually to the revenues of the Federal Government

M7 Se A. R0rluM. §J., Q. g
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during the past decade (see Annex IV. 19), generated mainly by sales taxes on
petroleum products sold by PBTROUM8, its retail distribution subsidiary (BR) and
other private distributors. Further elements of total transfers include income
tax, other duties and dividends paid by PETROBRAS and OR to the Federal
Government.

4.50 Total transfers from the sector over the decade fluctuated, due to
changes in the fiscal policy of the Federal Government, principally regarding
sales taxes on petroleum products, which represent the bulk of transfers. During
1980-1982, the taxes reached an annual average of US$2.4 billion. After 1980,
however, the Government implemented a gradual reduction in sector taxation, in
order to reduce the burden of the second oil price shock on the economy. A
further and sharper decline in sales taxes occurred during 1983-1984, following
the elimination of certain taxes. Thus, annual sales tax revenues for 1983-1986
averaged about US$1.8 billion, or about 75% of the 1982 level. In late 1986, the
Government instated a temporary compulsory loan, to be generated through a 28%
tax on gasoline and alcohol prices, again increasing sales taxes to an average
of about US$3.1 billion during 1987-1988. on average over 1980-1988, the
PETROBRAS group generated around 81% of total sector transfers, which amounted
to some 10% of its own gross revenues.

4.51 It can be deduced from Annex IV.19 that the average ratio of taxes
to gross revenues over 1980-1988 has typically been lese than 10%, although
increasing to 175-18% in 1987 and 1988. However, this data depicts the tax
regime prior to the changes arising out of the new constitution (see paras. 4.17-
4.19). Table IV.9 summarizes the most recent information available, when the
fiscal load represented only: 22% and 19% of the average retail price for
gasoline and diesel, respectivelyl 8% of the fuel oil price; and on average,
19.7% of the retail price. The weighted average of taxes (as a proportion of the
final retail price of a composite barrel of petroleum products), although nearly
doubled from it. historic levels, is still low compared with other countries (se
Annex ZV.20).

IV.7 CONCLUSIONS AND RECONMENDATIONS FOR CHANgM

4.52 The Government's substantial fiscal deficit, the expected
requirements for large investment. by PETROBMS and the prospect of substantial
continuing expenditures on crude oil imports in 1990-2000 make it necessary to
reexamine carefully the Government's policy towards: the pricing and taxation
of petroleum products; the alcohol program; the quest for greater self-
sufficiency in petroleum productio.u and the potential for greater private sector
participation (both local and foreign) in the financing of hydrocarbons
development. While further research is required in certain areas to resolve
various quantitative questions in the, longer run, we make recommendations here
which we believe can be acted upon imstud4stely, given the large minimum reforms
which are necessary.

4.53 Brazil has taken reasorable steps in the last five years to keep the
price level for liquid fuels at or above the border parity equivalent. However,
the tax element was low by world standards and there are dlstortions in relative
prices. These basic distortions -- due to Government pricing decisions,
including vehicle tax incentives -- fostered increased consumption of alcohol,
fuel oll, diesel and WPG in particular. Brazil embarked on a policy of
manufacturing alcohol vehicles; greater dieselization of the truck fleet was
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stimulated; and increased imports of LPG took place, not only for residential
cooking but also (unintentionally) to displace gasoline in ammall vehicles.
Natural gas had difficulty in competing with fuel oil and LPG due to their low
prices; and the greater consumption of diesel and alcohol has necessitated, on
the one hand, refinery investments to increase the yield of diesel, and on the
o-ther, the search for suitable export markets in which to sell the gasoline

urplu8ses

4-54 We recommend raising the prices of all petroleum products to, at
18ast, their economic costs; and, as in the case of electricity (para. 3.S9),
price adjustments at sufficiently frequent intervals to secure the financial
health of the petroleum sector. We include in this reccmendation the
dismantling of regional price uniformity, as economic cost should reflect
regional differences in transport c.3t (see p"ar. 4.27). If PETRODRAS3 prices
are regulated at the ex-refinery level, competition among distributors can bk'
relied upon to determine retail prices, with full reflection of regional cost
differences. As noted in para. 2.35, CNP's role would thereby be greatly
reduced. We estim-ated in Section XV.2 that the demand for petroleum products
could be cut by St by the year 2000, through improvwments in the price structure
in the EPS(U) as opposed to tho BAU scenario. That would translate into annual
cost savings of roughly 4% to the year 2000, equivalent to USS0.3 billion p.a.
for both the h$ghest and the lowest investment scenarios. At the same time,
based on 1988 consumption data, estimated subsidies of VS$1.1 billion would be
eliminated on petroleum products which are being sold at priesg below economic
coat (see Section IV.S.3). These actions should be integrated with the policy
decisions an natural gas prices, both wholesale and retail, which need to be
taken in the immediate future, as market development occurs in Sao Paulo and
elaewhere. Economic pricing of petroleum products wil f acilitate off icient gas
pricing, based upon the economic cost of substitutes, which in turn would provide
stronger market incentives to develop natural gas usage, including imports if
approprLate, given the high netba.k values w have identified.

coSi The next ntep is to decide on the extent to whieh taxatlon will raese
or kesp petrolegm produect pro ce above eeonomdc coot, to pursue f Lcal
objetive. Notsably, osome or all or tha impleit tax on gasoline (equal to the
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existing excess of price over cost) can be converted into an explicit tax, as it
will no longer be necessary to cro5s-subsidizo other products in the "basket".
Furthermore, our proposals on alcohol pricing will reverse the decline in
gasoline sales which, along with the low tax rate, contributed to the lose of tax
revenue. These decisions on taxation involve macroeconomic judgements, which we
cannot make from an energy asetor perspective, although our estimated price
elasticities (Annex 1.9) of petroleum products, alcohol and gas are low enough
in the short- and long-run to anticipate oubstantial tax revenues.

4.56 One of the more difficult areas for recommendations relates to
alcohol. Ideally, we need to consider it within a cross-sectoral framework,
incorporating wupstreama impacts on the sugar industry and "downstream" effects
on the automobile manufacturers and the environment.18 While we recommend
further investigations in this area, as minimum steps the Government should
immediately rstee the alcohol price to parity with or above that of gasoline
(including the same taxes as gasoline and in energy equivalent). We would expect
that this meaeure would effectively eliminate the demand for new alcohol cars.19

As a rough comparison of the policy implications, we considered three scenarios
for alcohol penetration, assuming the LRMC of alcohol remains constant (see para.
4.9).

O Government policy continues as in the past, alcohol consumption
follows the PETROBRAS A.1 Scenario (to reach 24 million m3 by 2000)
and the jxport price of gasoline represents the opportunity value of
alcohol.

O No further investment in alcohol production capacity occurs, alcohol
production is held to an upper limit of 16 million .3 as in BPS (U)
and an average of the export and import price of gasoline is taken
as a measure of alcohol's opportunity value.

O No new alcohol cars are sold after 1990 as in XPS(L), alcohol
consumption fall. to 5.8 million m3 by the year 2000 and the import
price of gasoline measures alcohol's opportunity value.

4.57 To evaluate these scenarios under the most optimistic assumptions for
alcohol, international petroleum prices are assumed to continue at the March 1989
level or increase by 10%, 30% and 50%. The results are in Table IV.l0. They
show, for example, that a combination of the World Bank projection of oil price
increases (about 40%) with the cessation of new alcohol car sales, would reduce
the annual alcohol subsidy by about US$1.5 billion compared with the present
level and US$2.7 billion compared with the level which would otherwise obtain
(from USS3.0 billion to US$0.3 billion) by the year 2000, aosuming no change ln
the LRMC of alcohol production.

4.58 The above scenarios are illustrative. They do not allow for the
impact of policy changes on the sugar industry. As the alcohol industry
contracts, LRMC should fall, through the survival of lower-cost producers,
improved productivity, and more efficient electricity generation from bagasse.

t8 Alcohol if envfroaruentalty tess harmful than fossel tfuels.

' If not, the aLcohol price wuld be raised further or a tax penalty introKkced on alcohol vehicles, due
to the higher econmic cost of alcohol coqiared leith #ssolins.
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4.59 Other scenarios for alcohol pricing are possible. Of special
interest is the deregulation of the price of alcohol, which would result in a
price increaue in the short-run, given the cost of switching from alcohol to
gasohol vehicles, thus easing the present acute supply shortages. The demand for
new alcohol cars should fall immediately to zero. Deregulation would be more in
keeping with the fact that alcohol production is entirely ir the hands of the
private sector. Since the sharp price increases from deregulation would be
regarded as unfair by motorists who were encouraged to buy alcohol vehicles,
through Government policy, subsidies could be offered to motorists to convert
their alcohol vehicles to gasohol, to accelerate the rundown of the alcohol
fleet. One-time subsidies for conversion might be more efficient than continuing
(albeit diminishing) subsidies on consumption, depending on the expected present
values of the two subsidy streams. However, we would expect the same long-run
euilibrium under deregulation as in para. 4.56, i.e., price equivalence with
gasoline, as conversion and replacement of alcohol vehicles to gasoline occurs
over time and as the LRIC of alcohol is driven down through productivity
improvements. We recommend examining these other alternatives after parity with
gasoline has at least been achieved.

4.60 Our analysis of alternative investment strategies in Sectlon IV.3
suggests that annual investments by PETROBRAS could be in the range US$1.9-3.5
billion through the year 2000, according to the rate of growth of demand and the
degree of oil self-sufficiency which the Government wishes to achieve. Whlle the
investment flgures would not be significantly out of line with the levels in the
period 1980-1987 (US$1.6 - 3.9 billion), the range is generally above the average
that PZTROBRAS has achieved since 1983 (US$2 bllion).2 We believe that Brasil
should invest in its own domestic crude oil production, provided that parallel
efforts are made to cut costs, given the narrow margin between the cost of
imports and domestic crude at existing international price levels (para. 4.13).
Furuhermore, when the constLtution is reviewed, particular attentlon should be
glven to the monopoly of PETROBMiS and the role of the private sector.

i is Table 1.5.
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.CHAPTER 

ENERY CQNSERVMON AND DEMAND MANAGEMENT

V.1 $W3g=ZON

S.1 Energy pricing and investment provide the unifying theme for this
study, with energy demand as the key linkage between the two. It is thus
convenient to consider the issue of energy conservation and demand managemest
(3CDM) Ln this Chapter, bringing together conclusions and recomandations which
cut across the separate analyses of electricity, in Chapter I1U, and petroleum
products, alcohol and natural gas, in Cfapter IV. We start by examining the
energy intensity of the Brasilian economy, at the level of consuming sectors, to
establish past trend.

V.2 ENERGY NITN8 TY IN THE BRAZILTAN ECONQMY

V.2.1 The Overall Exorience

S 2 Trends in energy intensity at the aggregate level and at the level
of individual fuels are difficult to interpret in Brazil, due to the impact of
a variety of programs for inter-fuel substitution, i.e to promote alcohol and
electricity at the exv nee of petroleum products. Furthermore, trends in energy
intensity have been masked by substitution between traditional and non-
traditional energy supplies, as a natural consequence of economic development,
resulting in a steady decline in the share of fuelwood (including charcoal).
Such a shift typically reveals itself in an apparent decrease in energy intensity
for the economy as a whole, because non-fueswood energy can be utilized with more
useful output per unit of energy input. Aside from shifts in the mix of
different energy sources, changes have occurred in the sectoral composition of
final energy consumption, as the weight of industry and transport grows in the
total, with different energy requiremnts relative to value added.

5.3 Many of these broad changes in the pattern of supply and demand in
the Brazilian energy sector were highlighted in Chapter I, in the context of the
linkages between energy and the economy. The high degree of interdependence
between energy demand and GDP And the apparent increase in the income elasticity
of energy demand from the 1970s to the 1980. -- due tc. the asymmetrical response
of energy demand to upward and downward movements in GDP -- translate into a
decrease in aggregate energy intensity from 1970 to 1980, followed by an increase
to 1987. However, the dAta in Table V.1 illustrate that the apparent reduction
in aggregate energy intensity between 1970 and 1980 was due to a substantial
decrease in the fuelwood elements the intensity of non-fuelwood energy
consumption increased steadily, measured relative to the value of output.

5.4 Within the total, the behavior of electricity -- one of the fuels
favored under Government energy policy of the 1980. -- is strikings the specific
consumption of electricity (in toe per unit of GDP, at constant prices) increased
by ovxr 80% from 1970 to 1987. International comparisons are also interesting.
While Brazil's performance since 1970, in terms of energy demand per US$ of GDP,
compares well with Mexico and Argentina, in both of which specific energy
consumption increased sharply, Brazil did not experience the substantial gains
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in conservation recorded by developed countries, such an the U.8.A., Canada,
France, Italy and Japan. Elactricity consumption in kWh per US$ of CDP (at 1980
prices) was higher in 1984 than a wide selection of developed countries as well
as countries in Latln AmerLca.1

V.2.2 The--XndustrLal Suctor

5.S The behavior of the Lndustrisl and transport sectors bears partLcular
ezeanLnttLon, since their share in total energy consumptLon has Lncreased from
about half to nearly 60% dLnce 1970. WLth regard to .'.ndustry, the Lnt-naLty of
non-fuelwood energy consumptLon Lncreased steadily from 1970 to 1987. Whllo the
experience naturally varled between dLf ferent types of Lndustry, specif Lc
cons umpktion rose in a wide cross-sectLon of Brasz ll5an industrLos during the 19 ?0a
and 1980s. Trends Ln the "oergy lntensLty of a selactLon of BrazLllan LndustrLes
from 1973, accountLng for 850 of industrLal energy consumptLon ln 1987, are
summarLzad Ln Table V.2.

{1980-100 '

5.6 Reductaons ln pecific energy coniumptLon were experlonced an a
nuabcor oi BranlLatn mndustrLes icnce the early 1970a, wltb cment and chemLcal
a Vng them, hcenor ulag to Table V.2. The Sase of chemcals is ambguous to the
extent that lt apparently excludes tho coneumpyLon of naphtha ai a non-eaner

exe ty, e enaw, fray, Iarey, bewe te U.SdA., tetrenta, yups, ofo id V smupla. Se .
Fou, 1 atnti93ts aeoutf 5 fi, over5r, loit.
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feedstock. If naphtha consumption is added to the energy co 4.aumption of the
chemical industry, its energy intensity goes up from 122 in 1973 to 127 in 1987
(1980-100). The experience with ceomt, however, is worth noting, as it
experienced a reduction of 25% in aaergy intensity between 1973 and 1987. Thiree
reasons have been given, based on technological factors related to the production
process. 2 FLrst, there were substantial economies of scale in the clinker-
maktng process, as the average size of installed furnaces in Brazil increased by
75% between 1973 and 1982. Second, there was an increased m&rket share of types
of cement to which active ingredients could he added, which permitted significant
savings of fuel in cement production. Third, the market share of "dry" process
cement increased from 31% in 1973 to 46% in 1982. These "dry" processes use less
energy per ton of clinker than "wet" ones.

5.7 Nevertheless, such declines were more than offset by the increase in
energy intensity of the metallurgical industry, accounting for nearly 45% of the
consumption of the group of selected industries in Table V.2 and 38% of all
industries; and, to a much lesser extent, of other industries, such as textiles.
A recent survey by the energy companies of Sao Paulo concluded that in a large
metallurgical company located in metropolitan Sao Paulo, the monthly electricity
bill could be reduced by 28% through adjustments in its maximum demand for
electricity and its monthly energy consumption. These reductions would come
principally from better lighting and insulation.

V.2.3 The TranaDort Sector

5.8 The potential for conservation of diesel, gasoline and alcohol is
high in transport.3 The consumption of these fuels per unit of GDP, after
falling between 1970 and 1980, turned upwards during the 1980. (Table V.1). In
freight transport, the potential for conservation lies: (i) with changes in the
trucking industry itself (e.g., by rationalizing routes and schedules,
consolidating cargoes and retrofitting truck fleets to improve engine e fficiency
and the aerodynamic performance of trucks); and (ii) through intermodal shifts,
in particular if the railways can capture much of the increasing inter-regional
transport, e.g. by offering efficient intermodal services based on the operation
of direct unit-trains between specialized intermodal terminals.

5.9 In passenger transport, cars are responsible for 70% of the total
energy consumed, although they account for only 24% of total passenger-km; while
buses, with 70% of the passenger-km, use only 16% of the energy. Lower-income
households own a substantial share of passenger cars, apparently due, in part to
deterioration in urban public transport service. Public transportation could
attract private car users with improvements such as better traffic management and
the creation of bus lanes and corridors in urban areas; greater frequency of
service and reduced bus occupancy ratios; a more realistic use of public
transport tariffs, to maintain them at levels which would promote service quality
and respond more effectively to demand; and, where justified, through improved
m&as transit rail systems. Finally, the use of natural gas in urban areas might
be feasible, in particular for buses and taxis, and should be further studied.

' N.T. Totnasquim, E.rgy Demand and Adaptation to the Oil Shocks - Brazil 1973-1985", 10th
Internatfaml IAEE Conference, Luxembourg, July 4-7, 1988.

8 See Staff APaIsal Report, "Drazi : Nanagemnt and Rehabilitation Project,a Deceber 29, 1989.
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V.3 ?3sT T P

S.10 The level and structure of energy prices are the critical elements
in any effective CDzM strategy 4 They can induce the desired entrepreneurial
behavior, for example, with regard to the choice of type of fuel, technological
process and investments in energy saving measures. As the prices of all the main
energy products declined in real tems after their peak in 1980-1981, energy
consumption rose in Brazil.. The fall in the prices of gasoline, alcohol, LPG,
diesel and fuel oil since 1980-1981 (see Fig. V.1) may well explain why the index
of energy intenity for liguid fuels used in the transport sector rose between
1980 and 1987 after experiencing a decline in the 1970B (see Table V.1). The
experience with electricity supply is no different. the prices of both
residontLal and industrial electricity fell after 1981 (see Fig. 1I1.3), while
the index of electricity consumption increased sharply (Table V.1). In contrst,
reductions in the energy intensity of eleczrr'.city usage mong residential and
industrial consumers in the U.S.A., Oapan, Germany, France, the U.K., Italy and
Canada over 1973-1982 were associated with real price increases.5

5.11 The econometric analysis in Chapter I corroborates these
observations. Price elasticities of demand for energy products, though typically
lses than unity, are higher in the long run than in the short run; and for
individual energy products than for energy as a whole. DRS has also pointed
out that, in the case of electricity, elasticity is highest for the largest and
the poorest consumers.

5.12 The argument is frequently heard in Brazil, as in other countries,
that energy costs represent too small a proportion of total costs in some
industries to interest companies in energy conservation. The argument has most
validity in industries which are effectively protected from competitions they are
better able to set prices on a "cost-plus" principle and pass on to the consumer
the cost of inadequate energy management practices. A recent World Bank report
has demonstrated how policies and institutional arrangements in Brazil shield
producers from domestic and international competition, and argued that barrlers
to competition and structural change have muted the price and other incentives
to Brazilian managers to introduce cost-reducing measures. 6 Certainly, if
competitive forces were working properly, the absolute size of the potential for
cost savings through reduced energy demand would seem to be large enough in most
sectors to produce a noticeable responwe to energy price increases. A survey of
390 industrial companies in Sao Paulo, carried out by FIESP in September, 1988,
shows the average cost of electricity ranging from 1% to 6% of sales. These
figures would indicate a profit&ble role for ene.-gy conservation. 7

4 Demand mnagement Is not synonymus with energy conservation. Efficlent demand mnagxant my cams
no chnwg In total enrgy dwwnd in physical units - for example by rearranwing the profile of a given total
deand fn time or in space so as to reduce the total Costs of supply -- but substitute cheaper for dearer energy
form. Similarly, enery conseratiton can operate strictly on suppty conditfons, e.g. by reducing systes
production and transport losses. For a further discussion ot the analyticat and corweptual undsrpfimings of
energy conservation economics, see M. Nwmasinghe, "Third World Energy Policies - Demand Nanegeoent and
Conservation", Energy Polfcy, Vol. 11, No. 1, March 1983.

lInformation from ELETROBRAS.

See ortId Sank Report No. 743-1R, "indust fla Regulatory Policy and itriestment Incentives in eraztl",
Jaum 29, 199.

"Agaenma para Apltcacac de Enargia," Ano 2, No. 10, Nareo-Abril de 1989.
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S.13 The Braxilian authorities have pursued a variety of non-price
approaches towards energy conservation, including technical methods, legislation,
education and promotion. Several of these energy conservation programs are
described in Annex V.1. In 1981, MIC launched an ambitious program (CONSERVE)
promoting the rationalization of energy use in industry. CONSERVE wa
principally a program to substitute petroleum products with electricity rather
than a broad program of energy conservation. More recently, the Government
launched a National Program of Electric Energy ConservatLon (PROCEL), elemnts
of which the Bank is supporting through its electric power lending program.
ELETROUMS has the responsibility for overall management of PROCmL. Other
conservation programs were: the Program for Economizing Puels (PECO); the
Voluntixy Program to Economize Diesel and Lubricants (PRODEL); and the Program
to Ratiknalize Energy (PROSY). Given the importance of energy conservation and
the plethora of programs, CNE has proposed an umbrella agency to bring about ome
degree of consistency and coordination. According to CNN's proposal, a Program
of Conservation and Rationalization in the Production and gea of Petroleum
Products (CONPMT) would complement PROCEL and subsume other programs such am
PRODEL.

5.14 All of theve non-price approaches carry a clear risk that they way
not be cost-effective. furthermore, they introduce additional market distortions
beyond the ones they are designed to redress. In our view, the Covernmwnt should
address these market imperfections directly and create a policy framework in
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which energy prices can secure an efficient allocation of resources. Evidently,
efforts to reduce the costs of public enterprises are a normal part of efficiency
improvement, e.g., the reduction of line losses in the electricity industry.
Furthermore, to the extent that environmental considerations influence energy
conservation efforts in electricity supply, tho power sector should fully
incorporate ("internalize") environmental costs in its LRMC calculations; and
least-cost programs to disseminate information aboi't energy conservation
possibilLties can also be justified, if they are properly conceived.

V.4 XCONCLUSION AND RECoMMENDATIONS FOR CHANGE

S.1S The data make it difficult to conclude unambiguously that prices were
the primary factor causing the observed increase in energy intensity in the
Brazilian e-onomy discussed in Section V.2. However, clearly the fkilure to use
energy pricing effectively as an instrument of ECDM during the 1980. had serious
adverse consequences on energy efficiency. From the economic point of view,
efficient pricing requires the implementation of tariffs which reflect the level
as well as the structure of eccnomic costs. In the case of petroleum products as
a group, the price level for a composite barrel of products has been kept
reasonably close to the international level over a long period of time, but the
price structure has serious shortcomings (see Table IV.6). The case of
electricity supply is the opposites substantial progress has been made in
implementing a sound tariff structure, but the price level is too low (see Table
111.6).

5.26 Benefits were obtained from the gradual introduction of LRMC-based
tariffs in electricity supply, following more than ten years of efforts. By
1989, as a result of the implementation of the new tariff system, more than 2000
MW of load have been displaced from peak to off-peak hours (see Fig. V.2). This
change is estimated to have saved more than US$1.S billion, as a result of
deforrinf the installation of peaking capacity. It is a conservative estimate,
as it was measured relative to existing consumers only: new consumers will be
cornzcted to the system with loads already modulated in response to the new
tariffs. Benefits will continue to accrue to the power sector from the further
implementation of the LRMC-based tariff -- 500 KW of load can be modulated in
each of the Blue and Green tariffs (by January 1992) ard in the Yellow Tariff
(during the first six years of application), i.e. 1500 MN in all, equivalent to
more than US$2 billion. However, the really substantial future gains from tariff
action in the electricity supply sector will come from increases in the tariff
level, in corstrast with the petroleum sector.

5.17 We estimated in Chapter III that, by the year 2000, electricity
consumption could be cut by 70 TWh, or nearly 20% of the total, if efficient
pricing were introduced, worth 6,500-13,600 NW or US$10-27 billion over the 11-
year period. The estimate takes into account the calculations of price
elasticity of demand derived in Annex 1.9, which showed that industrial
electricity demand is partlcularly sensitive to price. Indeed, it is this price
sensitivity which explains the success of the LRMC-based tariff structure in
improving system load factor. However, Chapter I indicates that residential
eloct&leity will also be affected by price increases, with a long-run elasticity
of -0.22. Our "top down" or econometric result is fully supported by the "bottom
up" or microeconomic approach of Geller, Goldemberg et. aI. in a paper published



in 1988.8 That paper concluded with oimilar estimates of energy savings
potential, based on a detailed analysis of the existing power market and the use
of teohnologies that arv technically and economically feasible and, in many
cases, already available in Brazil. As in our discussion, the paper also
identified the need to raise the average tariff level. Given the capital-
intensive and environmentally risky nature of approaches which place the main
emphasis on Increasing supply to meet increasing electricity consumption over
time, rather than working directly on the growth in consumption itself, BCDM
represents an attractive alternative.

5.18 Berefits in the petroleum sector are achievable mainly from the
efficient inter-fuel substitution which would result from improvements in the
structure of natural gas, petroleum product and alcohol prices, i.e. switching
from higher- to lower-cost fuels. Notably, correcting the distortions between
the prices of LPG and natviral gas, on the one hand, and alcohol and gasoline on
the other would reduce the total cost of supply. In aggregate, there could be
a 5S reduction in petroleum products consumption, with eftlzcient pricing.

S.19 Concerning Government policy towards regionally uniform energy
prices, we believe that there are potentially serious consequences for resource
allocation. We have shown, in chapters III and IV, how cross-subsidization
occurs on a regional basis, due to this pricing policy. Wasteful energy
consumption is likely to ensue. Also, as the World Bank Public Expenditure Study
has pointed out, the subsidy distorts patterns of development away from
activities that would exploit regional comparative advantage.9 For example,
regional cross-subsidization of all forms of energy reduces the incentives to
develop and exploit lo¢cal and regional energy sources, e.g., natural gas,
biomass, coal and hydroelectricity. The outcome is to deter the conservation of
energy resources which are scarce and high-cost in a national context.

8 HS. Seller, J. Goldasbr, J.R. Koreire, A. Rukai, C. Scarpineltt and N. Yachlzaeu, UElectrIcity
Coservation in Brafil: Potewtial an Progress"u, Energy, Vol 13, No. 6.

° "Brazil: Public Expnditure, Subsidy PoLicies and Budgetary Reform, Report No. 7738-ba p. 62.



CHAPTE

CON,LUSQNS

6.1 This study has identified three central issues In the energy ector
in Brazil, namely: (i) the economic efficiency of resource allocation; (ii)
fiscal and financial questions; and (iii) income distribution. The efficiency
issue arises because prices do not reflect economic coots and investment prograns
deviate from least-cost solutions. inadequate pricing and investment policies
also led to serious financial problems in the energy sector enterprises, which
had O.irect fiscal implications, via the public sector deficit; and indirectly
reduced the revenues of the public sector, by undexmining its capacity to raise
taxes through energy prices. Income distribution issues arise both in regional
terms, because of the effect of uniform energy prices on inter-regional subsidies
and cross-subsidies; and at the individual level, as energy prices determine the
affordability of certain basic services to the lower-income groups. Aside from
the onvironment, which raises concerns far beyond the energy sector and merlts
its own study, these are the three most important issues facing the energy
sector. They are discussed in more detail in Section VI.2; and a strategy to
deal with them is proposed in section VI.3. The need for further action is
outlined in Section VI.4.

V-J2 THE*12 =

V1.2.1 Uconomiag Efficincy

6.2 While the impact of a variety of progrms for inter-fuel substitution
complicates the analysis of the relationship between changes in energy demand and
prices in Brazil over the last two decades, the failure to use er.ergy pricing
effectively as an instrument of energy conservation and demand managwemnt during
the 1980s clearly had serious adverse consequences on energy efficiency. As the
prices of all the maLin energy products declined in real terms, after reaching
their peak in 1980-1981, energy consumption rose. Our econometric analyjis
confirms the responsiveness of energy demand to prices, especially in the longer
term.

6.3 Efficient pricing requires the implementation of energy prices which
reflect the level as well as the structure of economic costs. In the case of
petroleum products as a group, the price level for a composite barrel of products
was kept reasonably close to the international level over a long period of time,
but the price structure has serious shortcomings. The case of electricity supply
is the opposites substantial progress was made in implementing a sound tariff
structure, but the price level was too low.

6.4 The gradual implementation of LRMC-based tariffs in electricity
supply, over a ten-year period, enabled the sector to modulate the power system
load curve, leading to a more efficient use of the given investment. By 1989,
more than 2000 MW of load had been displaced from peak to off-peak hours, saving
more than US$1.5 billion in investment, as a result of deferring peaking
capacity. On the other hand, the tariff level was too low, which discouraged
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enrgy conservation and over-stimulated demand and investment. We estimate that
the implicit economic subsidies, measured by the exceas of the LRMC of
electricity over its price, amounted to U8s$5.4 billion in 1989.

6.5 Brazil has taken reaaonable stepo in the last five years, aided by
falling international crude oil prices, to keep the domentic price level for
liquid fuels at or above the border parity equivalent. The result was achieved
primarily by setting a high gasolin, price, because the price structure has
serious shortcomings. The prices of LPG, fuel oil, naphtha and kerosene are all
below economic cost, thereby stimulating consumptions the implied economic
subsidies, taking the 1988 consumption data, amounted to US$1.1 billion. The
price of diesel was generally kept in line with its economic cost, but it is
under-priced relative to gasoline, which caused some undesirable inter-fuel
substitution. Further distortions in the pattern of fuel demand arose in the
case of natural gas, since the low prices of competitive fuels made it hard tor
gas to compete, despite its relatively low economic cost and environmental
advantages.

6.6 The retail price of alcohol has been close to its WRMC, but resource
misallocation arose because the price of gasoline, a close substitute with a much
lower economic cost, was kept artificially higher. Vehicle tax incentives
further stimulated the switch from gasoline to alcohol. The total annual
economic subsidy going to alcohol, measured by the difference between the
opportunity value of alcohol (i.e. the gasoline border price) and alcohol's LRtC,
is about US$1.8 billion, relative to 1988 consumption. The extent to which this
is offset by the environmental benefits of alcohol over gaiolin, cannot be
addressed in the scope of this study (see para. 6.28). Furthermore, we note the
position of the secretaria de Assuntos Estrategicos, that the report fails to
give recognition to the strategic arguments for the alcohol program.

6.7 These distortions in the prices of petroleum products, alcohol and
natural gas had impacts on investment. First, the greater dieselization of the
vehicle fleet and the rapid expansion in the sale of alcohol vehicles affected
investment in the motor industry. Second, the petroleum industry carried out
refinery investments to increase the yield of diesel and decrease the share of
gasoline, because the growing surpluses of the latter had to be exported.

6.8 The GovernmentIs policy to reduce dependence on imported energy meant
that investment programs were not governed fully by least-cost principles. In
electricity supply, the development of large-scale domestic hydroelectric
projects absorbed a considerable portion of the sector's financial resources; and
options to import, by comparison, were relatively neglected. The nuclear power
program produced virtually no electricity, despite investments of several billion
dollars, and there has been growing controversy over its safety, as well as its
ecoriomics. The emphasis on domestic production of electricity also diverted a
high proportion of investment into generation, at the expense of transmission and
distribution, thus reducing system reliability.

6.9 The focus of the petroleum sector on domestic oil exploration and
development was economically justified, since the cost of domestic oil was lower
than that of imports. At the same time, preoccupation with oil production may
explain, on the supply side, Brazil's slowness to develop natural gas, for
example as a substitute for hydroelectricity, fuel oil and LPG, in conjunction
with distorti*ns in the price structure, on the demand side.



V1.2.2 Fisgal Probleme

6.10 The low level o t electricity prices totally destroyed the power
sector's self-financing capability and provoked a critical fiancial position.
Consequently, the overnmont found itself compelled to contribute increasing
resources to the sect*,. from its own over-stretched budget, adding to its fiscal
problems. Electricity's claim on the public sector budget increased from US$400
million p.a. on average, in 1977-821 to US$2 billion, In 1983-85t US$5 billion
in 1986g and US$6 billion in 1987. Using data from the World Bank's report on
Brazil1'a macroeconomic situation, dated December 1988, more than half the real
deficit of the Federal public enterprises was due to the electricity sector in
1983-1987.

6.11 Neither has the petroleum sector escaped the impact of Covernment
intervention in pricing, even though the domestic price level for petroleum
products was kept reasonably close to international levels and the sector
contributed US$1.6-3.4 billion annually #-,m the revenues of the pub1 4 - sector in
the 1980s. The fiscal issue aries due to delayed or inadequate price
adjustments and to the need to cross-subsidize alcohol and other petroleum
products, both of which caused the sector's financial performance to deteriorate
-- revenues (after sales taxes), net profits, and investment levels all declined
after 19S -- and undermined tax-raising potential. To moderate petroleum price
increases, the Government gradually reduced sector taxation. Even with recent
Increases, arising especially out of the new constitution, Brazilian taxes on
petroleum products %re much lower than a wide range of developed and developing
countries.

6.12 Finally, the adverse consequences of inefficient pricing policies are
magnified when account is taken of all the costs of the alcohol program, which
are not fully ref lected in the fiscal deficit. Only about US$836 million
appeared in the 1988 budget under costs related to sugar and alcohol. The figure
does not capture the direct economic losses, which we estimate at US$1.8 billion
(para. 6.6), or the indirect sacrifice of tax revenues, caused by the steady
decline in gasoline sales.

6.13 The legal and institutional framework of the energy sector gave
insufficient support to private sector partf aipation, thereby contributing to the
fiscal issz. Although foreign companies were permitted to explore for petroleum
under risk contracts, private participation generally in the petroleum sector,
both domestic and foreign, and in the electricity sector has been limited. As
a result, the energy sector was deprived of a potentially significant source of
investment financing, which could have provided needed relief to the Government.

VI.2.3 Income DistitbUrJ,t 1Q

6.14 The Government pursued broad regional development and political
(including income distribution) objectives through uniform national energy
prices, in electricity, petroleum products, alcohol and natural gas. To the
extent that Government has a legitimate concern with regional income
distribution, the issue is whether or not that concern is better pursued through
energy pricing or tom other vehicle. We conclude that energy pricing is the
wrong vehicle to promote such policies, because it has potentially serious long-
term consequences for resource allocation. Wasteful energy consumption is likely
to ensue from uniform pricing, while regions are deprived of the incentive to
exploit comparative advantage, in terms of local energy supply options.
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6.15 in the case of electricity, the direction of the economic transfers
may be perverse, since the uniform tariff will be of greater advantage to the
South and South-East regions. Their sower LRMC of transmission and distribution
would be more than offset by their higher LRMC of generation, if power tariffs
ref lected geographical variations An economic cost. The financial transfers
flowed in the intended direction, because the situation in the past was
different. The higher financial costs of the power companies in the North and
North-East reflect historical circumstances, when generation was comparatively
cheaper in the South and South-East. The LRUC is forward looking: for the
future, the more economic generation is in the North/North-East (paras. 1.9 and
3.21) and tariff policy needs to reflect changed circumstances.

6*16 It is widely accepted that it may be desirable to provide energy to
the lower-income population at a price below economic cost, to satisfy b&sic
needs. The issue in Brazil is that subsidies have not been targeted to the poor
and instead operate to the beneflt of all residential consumers. Two fuels are
involved: residential electricity and LPG. Brazil's indiscriminate subsidies to
all residential consumers of electricity are excessive. They amounted to US$2.5
billion in 1989, nearly halt the total economic subsidies going to the power
sector (para. 6.4). Additionally, as in the regional case, the personal income
distribution effects may have been perverse, because most of the subsidies (75%)
have gone to the largest consumers, who are likely to be the better-off. The
indiscriminate subsidies to LPG (US$0.6 billion in 1989) also were of more
benefit to higher-income families, since they consume the most LPG. At the 'ame
time, the low price of LPG relative to other liquid fuels encouraged its
clandestine substitution in motor vehicles and impeded the development of low-
cost and environmentally-beneficial natural gas.

VI.3 THE STRATEGY

VI.3.1 Economic Efficiencv

6.17 To address the economic efficiency issue, we recommend a determined
move to energy prices based fully on economic costs, in level as well as
structure. We include in this recommendation the dismantling of regional price
uniformity, as economic costs should reflect regional differences in production,
transport and distributi.rJ;co0ss. Price adjustments must be made with sufficient
frequency to safeguard the financial health of the sector enterprises. Second,
to support energy conservatior efforts in the longer-term, actions are required
to reduce market imperfections.

6.18 We estimate that, in the case of electricity, off icient pricing could
cut consuw'tion by 10-15% by the year 2000, corresponding to a drop in system
capacity requirements of 6,500-13,600 MW, depending on the system load factor.
According to the assumed average cost per kW, the monetary savings could be
US$1.0-2.5 billion in investment, which should be compared to the current power
sector investment program of US$6-8 billion p.a. for 1990-2000. The impact on
the total demand for petroleum products would be less, given that the price level
has maintained a closer relationship with economic costs. We estimete that the
demand for petroleum products could be cut by 5% by the year 2000, mainly through
improvements in the price structure, which translates into US$0.3 billion p..o.,
some 4% below the annual costs wit.hout efficient pricing.

6.19 The adjustment of the price structure, in parallel with the movement
of th. price level to economic cost, would foster more efficient inter-fuel
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substitution and eliminate economic subsidies, valued at around USS5.4 billion
in electricity and US$I.l billion in petroleum products (parad 6.4 and 6.5).
Continued tiplementation of LWRC pricing in electricity could modulate the system
load by a further 1500 MW, equivalent to investment savinga of more than US$2
billion. Sconomic pricing of petroleum products will facilitate efficient gas
pricing, baed upon the cost of substitutes, which would provide the market
incentives to develop natural gas usage, including imports if appropriate, given
the high calculated netbacks.

6.20 The price of alcohol should be set equal to or above that of gasoline
in terms of energy equivalence, including all taxes, which is likely to eliminate
the sale of new alcohol cars. The implicit economic subsidies would decline parn
paasu with the rundown of the alcohol fleet, from US$1.8 billion p.a., on the
basis of 1988 consumption, to perhaps US$0.3 billion by the year 2000.
Furthermore, the subsidies would no longer be hidden in the energy sectort they
would become transparent. An alternative approach is to eliminate subsidies on
alcohol as a fuel, by establishing a free market, consistent with the fact that
alcohol production is in the hands of the private sector. The price of alcohol
would rise in the short term, and to respond to equity arguments, some or all of
the subsidies could be applied instead to the cost of converting alcohol cars to
gasoline. We would expect the same long-run equilibrium under deregulation, i.e.
price equivalence with gasoline, as conversion and replacement of alcohol
vshicles to gasoline occurs over time and as competition drives down the LRMC of
alcohol. Evidently, our proposals for alcohol have environmental implications,
but the evaluation of such issues is beyond the scope of this study (see para.
6.28). By removing the burden of subsidies from the energy sector, the implicit
tax on gasoline (equal to the existing excess of the price over economic cost)
could be recovered as an explicit tax, depending on changes in energy taxation
policy (para. 6.24).

6.21 To support the desired changes in pricing policy, we recommend
institutional modifications. First, Government intervention in energy pricing
policy, for reasons divorced from sectoral considerations, e.g. by agenci-s such
as SWEP to implement anti-inflation policies, should be stopped. Far from
keeping inflation down, the indirect effects of failing to raise energy prices
to reflect economic costs probably exacerbated inflation, by magnifying the
public sector deficit. second, while Government intervention in sectoral pricing
and investment policies was the main cause of resource misallocation, rather than
public ownersh$j per so, the increased participation of the private sector, which
we recommend primarily for fiscal reasons (see para. 6.25), would provide a
competitive spur to the areas which will remain under public ownership. Further
efficiency gains could accrue in the longer term.

6.22 The issue of departures of energy invetoment program from least-cost
solutions needs to be addressed in electricity supply by the intensifLed
investigation of thermal alternatives to domestic hydroelectric power generation.
We recommend in particular studies of imported coal and hydroelectricity and
strongly encourage the ongoing efforts regarding, notably, the import of gas.
Furtherore, over the next several years, efforts are required (and are being
made) -o redress the balance of investment between generation, transmission and
distribution. In oil and gas, we conclude that further investment by Brazil in
its domestic crude oil production is justifLed, provided that ongoing efforts to
cut %osts, through the upgrading of PETROBRA8' coating system, are vigorously
pursued, given the very narrow margin of advantage enjoyed by domestic crude at
existing and projected international price levels.
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6.23 The actions we propose on energy pricing would make a substantial
contribution to the resolution of the f iscal issues. An increase in the
electricity tariff Level to 35S55/KWh in September 1989 prices (USS54/KWh in July
1989 prices), from the 1Uf647/KWh (including taxes), operative in September, 1989,
represents a minimum acceptable financial target, according to the recently
negotiated Electricity Tranamiesion and Distribution project. It will also raise
the tariff level to the LRMC of US$71/UWh, if taxes of at least 30% are added and
if the average tariff received is brought into closer line with the average
tariff billed. Consequently, the Government's financial contributions to the
ower sector of some US$6 billion would no longer be necessary, mirroring the
elimination of USS5.4 bllli'n La economic subsLdies (para. 6.4).

6.24 In oLl and gas, the economlc prLcing of petroleum products and
alcohol would further strengthen sector fLnances, creatlng resources for the
likely investment need of US$2.0-3.5 billion p.a. through the year 2000; restore
the sector's tax base; and thereby improve the fLscal situatLon. We recommend
considering an increase ln the tax rate on petroleum products, alcohol and
natural gas. For example, the large exlsting impliclt tax on gasoline, close to
100%, could be converted into an explicit tax, as it would no longer be necessary
for the energy sector to cross-subsidiLe alcohol by US$1.8 billion and other
petroleum products by US$1.1 billion (paras. 6.5 and 6.6). Furthermore, our
proposals on alcohol prlclng will reverse the decline in gasoline sales, whlch,
for a given tax rate, will boost substantially total tax revenues, since alcohol
sales exceed gasoline sales. However, we have refrained from making speclfic
proposals on tax rates, as they would involve macroeconomic judgements, which
cannot be made f-.om the energy sector perspective. Hence, it is impossible to
calculate the net offect of efficlent pricing of petroleum products and alcohol,
combined with reasonable" taxation.

6.25 In conjunctlon wlth actions on energy prlcing, we propose
institutional changes, to support and encourage more active prlvate sector
partlcipation in energy, whlch would reduce the investment burden on the public
sector and alleviate the fiscal difficulties. In oil and gas, the Government
shouldt (i) encourage a greater role for private capital in areas of PETROBRS
which are not protected by its monopoly and in State-level gas companles; and
(iL) review the scope for improving the petroleum legislation, to attract more
prLvate capital (foreign and domestic) into finding and developing oil and gas
reserves. In electricity distribution, private participation at the State level
also offers scope for tapping new sources of capital, as in gas; while a variety
of models exist for private participation in generation. The lMm has a vltal
part to play in any initiatives for greater private sector participation in
energy.

VI.3.3 Xncome Distribution

6.26 With regard to regional income distribution, we argue (para. 6.14)
that energy prices are not an appropriate vehicle to implement Government polLcy
towards broader economic and social development questions. The full transition
to economic energy prices would remove the distortions which arise when demand
and supply decisions at the local level are based on unlform national prices.
Energy prices are frequently used to addres issues of personal income
distribution. While this, too, has potential resource allocation problems, our
concern is rather that the efficiency of the present system of subsidies can be
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mproved, to achieve the desired goal. In the case of electricity, we recoamend
increasing the size of the first block of residectial monthly consumpcion, from
30 to 50 kWh, which would contin'ze to be sold at a subsidtWe. "lifeline" rate.
However, all subsequent residentiax consumption would be charged at least at full
LIMO, rewuiring an increase in the residential tariff signifi ontly above average
for all tonawora, tn eliminate subsidies of US$2.5 billion (pars. 6.16). We are
not porsuaded by the social arguments for subsidizing LPG, given that it is
dif f icult to target only the IO consumption of the poor and recognizing the
resource misallocation which results. The price of LPG should be based on its
economic cost, as with other petroleum products. However, as natural gas
penetration proceeds in residential markbts, encouraged by officient pricing of
lIPO, the basic entergy needs of lower-incme groups could be satisfied with the
introduction of a "lifeline" rate for rae, analogous to the case of electricity.

VI.4 * =4a

6.27 The strategy which we recomsnd above represents a set of minimum
steps which can be initiated immediately, given the large reforms which are
necessary. To assist with its implementation in the '-onger term and to lay the
basis for further change, we also propose a number of studies.

6.28 First, ELETROBRAS' planning methodology should be strengthened, to
deal in a more sophisticated way with alternative pricing policies, demand
scenarios, risk and uncertainty. The analysis of generation alternatives should
incorporate an updated and more extensive analysis of therI..l and non-domestic
options, notably natural gas and imported coal. Second, high priority must be
given to PITROBRAS' efforts to develop profit centers and upgrade its costing
system, to ensure that domestic crude oil production remains competitive and to
support the full economic development of natural gas. As the profit centers are
established, PETROBRAS can base management accountability on profitability and
thereby increase its operational efficiency. We would anticipate that the
implementation of appropriate profit centers will call for relevant corporate
restructuring. Third, to improve the analysis of different policy options for
alcohol, updated information is needed on its LRMC1 and investigations should be
conducted into the *upstream" impacts on the sugar industry and the "downstream"
effects on the automobile manufacturers and the environment. ?ourth, the
Government should review tte scope for improving the petroleam legislation to
attract a larger contribution from the private sector in finding and developing
n'.w reserves. Finally, further work is needed on the fisca" potential for taxing
petroleum products, alcohol and natural gas, recagnizing demcand elasticities,
environmental implications and the financial consequences for the energy sector.

6.29 Brazil has relatively abundant energy resources, which could be
husbanded more effectively if they were exploited with a sounder energy strategy.
This report, in conjunction with the Energy Matrix, is offered as the basis for
an early discussion of such a strategy for Brazil.
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ENERGY EBSOaURCfA

Introdctiorn

1. Brazil is endowed with substantial energy resources, both renewable

(hydroelectric power and biomass) and non-renewable (hydrocarbons, coal and
uranium). The situation is particularly favorable regarding renewable energy

resources, which provided 60% of Brazil's total energy needs in 1987, a
proportion which was much higher than that typically enjoyed by other countries

in Latin America (around 25%). Taking into account her own indigenous energy
resources, Brazil's dependence on foreign energy supplies has been le than 20%

in recent years. According to the National Energy Balance, prepared by the
Ministry of Mines and Energy, the proven energy resources as of December, 1987,
were, in million tons of oil equivalent (toe): petroleum - 352; natural gas - 96;
shale oil -8,884; shale gas - 2,304; coal - 6,504; hydroelectricity - 271 per
year; uranium - 2,100; and peat - 153. Comparable data on biomass (non-
commercial energy) is lacking, but Brazil undoubtedly has the potential to
continue to exploit sugar cane and wood for energy purposes.

Hydroelectric Enerqv

2. Currently, about 46,000 MW of hydroelectric generating capacity have been
fully developed in Brazil, covering a reservoir-inundated area of about 20,140
km2. Rydroelectric generation represents about 94% of the total electricity

produced in Brazil. The usable hydroelectric potential has been estimated at
about 106,705 MW, of which 56,660 MW or 53% is located in the North/North-East
and the balance (50,045 MW or 47%) in the South, South-East and Center-Westl.

Presently, it is estimated that less than 90,000 MW could be economically
developed2 . Additionally, it is estimated that about 7,100 W capacity may be
tapped through the construction of some 560 mini-hydro plants with annual firm
energy of around 31 TWh.

3. The largest potential for development of hydroelectric schemes is located
in the North of Brazil, in particular the Amazon basin on rivers such as Tapajos,
Xingm, Tocantins and Araguaia, where about 36,000 MW or 40% of Brazil's potential
may be economically tapped. In contrast, the South, South-Bast and Center-West

regions, where most of the price effective schemes have already been developed,

may provide an additional hydroelectric capacity of 46,000 MW (51% of the total

potential) mainly consisting of medium to small size schemes. The balance of

this potential (9%) is in the North-Cast.

4. The Plan* 2010 (the sector long-term development plan discussed in Chapter
III) has set as an objective for the continued development of hydroelectric

resources. However, this program is to be complemented with the development of
thermal-based generation (heavy fuel/gas/coaL fired plants) to firm-up the

availability of energy supply, especially during dry-season and peak-hour
periods. The main concern regarding the development of hydroelectric resources
which are now being addressed by Brazil are related to: (i) the environmental

NMatfonal Energy Balance, 198Bk (p. 68) and ELETROBRAS, Ptano 2010: Relat6rio Geral (p.145).

2 This assuming thermal generation costs below US $ 50 per NAh. ELETROSRAS, Plano 2010: Relat6rio
IxinutsJ (p.24).
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ANNEX .2

implications associations with developing the Amazon basin, for which measures

are now being undertaken and for which comprehensive Environmental Protection

Plans must be implemented before starting construction; and iii) the economic

feasibility of new hydroelectric schemes, for which alterantive sources of

electricity generation (such as natural gas and coal) should be considered and/or

conservation measures should be undertaken (Chapter III).

TABLE I
Liauid Hydrocarbon Reserves

(Million barrels)

.'.. V~~~~

... 4.2.,3 44~466 41 A

4.1 __j 

Hydrocarbons

5. Exploration for hydrocarbons in Brazil has been directed primarily toward

oil-prone regions but discoveries of oil fields containing associated gas and

non-associated gas fields have steadily added to the proved reserves. The proved

reserves of liquid hydrocarbons, crude oil and condensate, are estimated to be

2.8 billion barrels in 1988. Condensate reserves, the low gravity crude oil

which is produced with natural gas in some fields, account for less than 1% of

the liquid hydrocarbons and are estimated to total less than 20 million barrels.

In the aggregate, liquid hydrocarbons account for approximately 80% of the energy

content of proved oil and gas reserves while natural gas provides 20%. The

estimates include estimates of proved, probable and possible reserves as well as

estimates of potential reserves.
3 As shown in Table 1, the proved, probable and

possible reserve estimates for crude oil total 5 billion barrels. over 70% of

the proved reserves are located in offshore fields, almost entirely (95%) in the

prolific South-East region offshore fields. The onshore reserves are divided

more or loss equally between Bahia state (10% of all reserves)g Rio Grande do

3 in Jim, 1988, PETROBRAS adwpted a ne, reserves estifmtion code, Wich classifies reserves as proved

or proabloe and possible. PETROBRAS exploration officiate believe the definitions for proved reserves are

somilar to those used by the Society of Petroleum Engineers, but they are probably more restrictive.
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Norte (8%)t and Sergipe (7%). Very small quantities of proved reserves, 20
million barrels, have been identified in the North/North-East regions. The
probable and possible reserves also are located almost entirely in the South-East
offshore region. This region contains 90% of the total.

6. Since 1979, natural gan reserves have more than doubled. The average
finding rate over the past decade has been approximately 10 BCM per year. The
proved reserves, as of December 31, 1988 in onshore fields and offshore fields
located in less than 400 meters of water, were estimated to be 105 billion m3

(8CM). The probable and possible reserves total 89 8CM in onshore fields and
offsbore fields inside the 400 meter water depth, primarily in the Campos and

amzon Basins. Additional quantities which are expected to be found in fields
beyond the 1000 meter water depth are not counted as reserves, but they are
estimated as 21.8 SCM. As of December 31, 1988, natural gas constituted 20% of
the energy available as proved oil and gas reserves.

7. Half of the proved reserves are located in off-shore fields and
approximately 60% are associated gas. As shown in Table 2, based on 1987
estimates, the reserves are concentrated in the offshore fields of the South-East
region (37%); the onshore Bahia region fields (25%); and Northeast region (19%),
where most of the gas is located in onshore fields.

S. Natural gas liquids (NGL), which include ethane, propane, butane and
heavier hydrocarbons, are extracted from natural gas and as production increases
they will become an increasingly important source of fuel. Associated gas
contains large amounts of extractable hydrocarbons and some of the newly-
discovered offshore fields are also expected to be produced as condensate fields,
yielding a relatively high ratio of NGLs. Based on the levels of NGLe to be
recovered from natural gas projected for the PLANGAS study (see Chapter IV), it
L estimated that the recoverable NGL ratio will be approximately 0.35 CM of NGLu
per 1000 CM of natural gas processed. The total recoverable NGLs from the proved
reserves is approximately 220 million barrels. This is equivalent, in energy
content, to abo'it 5 of the proved crude oil reserves.

9. As in the past, PETROBRAS's exploration goal is to find oil, but recent
discoveries have also proved up more natural gas. In the Campos basin, most of
the natural gas is located in the Garoupa and Enchova fields, but there i some
non-associated gas in the southern region. The hydrocarbon-bearing formations
in the Santos basin are deeper than those in the Campos, but the water depth is
only about 150 meters, so the drilling and production costs should be lower. The
newly-discovered Tubarao field may yield 30 - 40 billion cubic meters of natural
gas but the primary interest is in the condensate and other extractable liquids.
Seismic data indicate that the fields in the Amazon basin will usually be small
with an oil rim.. If these interpretations are confirmed, the fields will
probably produce more gas than oil.
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TABLE 2
Natural Gas ProVe4 Reservey. 1987

(5)
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10. Brazil's estimated reserves of uranium have grown tenfold since 1976, and
now amount to about 300,000 tons of U308. The breakdown of these reserves,
according to the categories used by the Brazilian mining code (measured,
indicated and inferred) and by location, is presented in Table 3.4

11. Allowing for losses in mining and beneficiation, these reserves are
equivalent to 2,100 million toe. However, recoverable reserves are estimated at
about 120,000 tono, half of which are located in Lagoa Real and Itatiaia.
Exploration for uranium reserves has been relatively limited so far and
additional reserves could be discovered. The only productive facility at
present is at Pocos de Caldas, with n capacity of 100 tons of U308 per year. In
terms of electricity generation, it has been estimated that Brazil's uranium
reserves could support a capacity of some 26,000 KW.

Biomas

12. The two major sources of biomass energy are bagasse and fuelwood. The
former is principally the by-product of the sugar industry, resulting from its
sugar and alcohol operations. The latter derives from both natural forest and
dedicated energy plantations.

13. Much of the bagasse is used as process heat and to generate electricity for
internal purposes. About 3.4 TWh of electricity was generated by the sugar
industry in 1986. However, the sugar industry did not design its facilities to
make the most efficient use of its bagasse for energy purposes; on the contrary,
the objective was to minimize the bagasse surplus, which constituted an
inconvenience. Furthermore, there are non-energy uses for the by-product,
notably for paper manufacturs and cattle feed. Approximately 10% of the bagasse
from sugar mills with annexed distilleries is available as surplus; while the
figure is 20% for autonomous distilleries. With modernization and efficiency

4 These definitions differ from those used by the IAE. Meawred and indicated reserves correspond
roughly to "reasonably assured", hfile inferred are possible additional reserves.
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improvements, these proportions could probably be raised to 20% and 30%
respectively. ELETROBRAS has cited data, apparently derived from TAA, which show
that electricity generation of some 13 TWh would be possible, over and above the
sugar industry's own internal needs, equivalent to an installed capacity of 2,000
KW. A further discussion of the institutional and legal obstacles to the
development of bagasse cogeneration is in Chapter 11.

Reeerves Of Uranium
(Thousand tons)

_e *. . S,,.,-6L, ,''', ' '* .' 's: 

X: 1140. -1.5,

14. Dati on Brazils fuNlwood rere e uneven. A partal survey of
forest cover carried out by the Brazilian Institute for Forestry Development
(IBDF) in 1983 showed some 26 million hectares of native forest and 2.5 million
hectares of reforested areas in the South and South-East, translating into a
fuelwood stock of 4 billion m3 and 276 million m3 .espectively. These results
showed that those regions had already lost a large part of their natural forest
cover; while much of the reforested areas were not suitable for energy purposes.
No national forest inventory has been carried out for the North-East and Center-
West, but it is believed that forest cover is minimal or again unsuitable for use
as energy. Hence, the major forestry resource in Brazil is the Amazon, where it
is estimated that 300 to 350 million acres of forest exist. The fuelwood density
varies considerably, according to the topology. Apart from the paucity of
information on the energy potential of the Amazon, environmental considerations
would severely restrict the extent to which it could be exploited for power
generation. The disposition of Brazil's natural vegetation is shown in a map.

15. The huge size of Brazil and the variety of terrain suggest that there would
be scope to develop energy plantations, for example through reforestation and
appropriate management, without adverse effects on alternative agricultural uses
of the land; and to employ those plantations in dendrothermal (power) generation.
Although comprehensive studies have not been carried out in Brazil of such
possibilities, the power company in the North-East (CHESF) has estimated, as a
first approximation, that 50 million hectares -- corresponding to 33% of the
region's land area -- could be reforested without prejudice to other uses of the
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land.5 An annual production of 891 million m3 of biomass would be theoretically
sufficient to supply 62,000 MW of power capacity. While CHESF believes that the
construction and operation of a pilot plant would be necessary to confirm its
estimates, the economic justification is likely to be questionable, especially
since production would proceed in relatively small units.

Coal

16. Brazil's coal reserves have been estimated at 32 hillion tons, equivalent
to 6.6 billion toe These comprises 10 billion tons measured and indicated; and
2 billion tons inferred.6 They are concentrated in the South, in the States of
Parana, Santa Catarina and Rio Grande do Sul (see map). About 80% of the coal
reserves might be used for energy, the rest being more appropriate for
metallurgical purposes. Brazil also has some peat reserves, but the economic
potential is too limited and the available data too sparse to warrant inclusion
in this discussion.7

17. The bulk of total coal reserves is In the State of Rio Grande do Sul (91%),
with the main field known as Candiota (12 billion tons). However, the coal has
a low calorific value (in the range 2500-4000 kcal/kg) and high ash content
(S50%). In Santa Catarina, the coal is bituminous, reaching higher calorific
values (in the range 4,000-6,000 kcal/kg), but the ash and sulphur content are
also high. The coal found in Parana is of better quality, but suffers from a
medium ash and high sulphur contentg the calorific value is 6500 kcal/kg, which
makes it suitable as a fuel.

Shale oil and Gas

18. The possible reserves of shale oil and gas in Brazil are among the largest
in the world. However, they have not been adequately evaluated and their
potentiL role in energy production remains highly speculative. The National
Energy Balance gives the data shown in Table 4, as of December, 1987. The
reserves are mainly to be found in deposits in Bahia, the Vale do Paraiba (Sao
Paulo), and Irati (in the South).

ga See iEstudo de Florestamento do Semi-Arido NordestinoR.

6 See "National Energy Balace, 1988". The cateories used are defined by the Natibal Department of
Nineral Production as fotl mm: the measured reserve is based on test drilling to 400 meters, with an associated
surface area of O.S kof; the indicated reserve Is presumed to go beyond the measured reserve, to a depth of 1200
mEters and with an associated surface area of 4.02 kI; hbile the Inferred reserve goes doan to a maximum depth
of 4,800 meters beyond the test drilling.

7 The National Energy Balance cites an "inferredu potertfial for peat of 153 mtllion too.
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Mstimated-Reservs of Shale Oil and 0as
(Million mP)
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19. PETROPAm has carried
out a more careful evaluation Ok~ L1I* J~C* ~I
of the above-mentioned ; t < a

deposits, concluding that the h*W P; 1 t 
potential is at least in the iiSa c Vam; m

order of 2-3 billion barrels j~~tia wvp:n~1*
of oil, most of which li at
Irati. Of course, the
economic viability of shale
oil and gas production has yet to be established.

other _eXc Resources

20. Brazil possesses a number of possibilities for non-conventional energy,

notably solar, tidal and wind energy and urban wastes. Various bodies, including

Universities and research centers, are conducting demonstration projects for

solar energy, and CHESF is developing a 1000 IcW unit with photovoltaic panels.
Sao Paulo and CESP have concluded an agreement to prepare basic information on

the scope for burning urban wastes in electric power plants; while ELETROBRAS has

completed a preliminary inventory of possible tidal energy projects. What little
information exists on wind energy is not promising, although research efforts are

in progress: for example, CHES has developed a 100 kW windmill, in collaboration
with local research institutes and the financial assistance of West Germany.
These sources of non-conventional energy are worth further investigation, but
they could at best make only a marginal contribution to energy supplies before
the next century, given the large size of the Brazilian energy market.



OWN5 3bMTIC FMWMgIOM ID RDAWV DO3WN

TOE T _un

MitS SW1970 1971 197 1978 1974 19S 1976 1W77 197W 1979 1960 1901 192 1968 1964 195 1966 1987

4 LA O13 1OM 10551 10461 1048 1158 1t 11406 110 11o81 12275 13530 1529S 21464 2569 8241 369 7611 37828
PA~.Im 8009 8313 6158 O29 06M e665 6344 O 6025 8002 8262 90 1O05 t2964 16595 2321 27493 264 2Z43
V.tursl am 1153 1074 1132 1076 157 '1482 1496 1649 1763 17M 2011 8257 27 8660 4471 49 518 S22
St*e Coal 59 641 64 so9 815 79 934 1071 1224 1376 1483 1084 21SS 3 2601 2672 2443 2333
hteallurglcal Cool 495 52 827 520 71 547 632 755 a2 905 973 713 718 7W 621 887 636 625

Ur.ilu 0 0 0 0 0 0 0 0 0 0 0 0 24 269 174 992 360 I130
RmmA"E saw 470 4840 51226 58175 56117 15 6046S 6439 61 72494 78"4 78762 113047 6878 986705 109354 103217 1065S5

t*drooktricity 114 126 14697 16786 1 209 24045 27109 29796 3380 S3 37M2 40928 4N928 46312 5I29 52902 5878s
Vood 789 81809 32012 S3S12 82191 32789 31372 39 2967 29U4 30607 2009 "127 29727 32677 3236 31772 S0710

Suar Co" Deti wa iva 5 3.73 4221 4561 4535 4105 662 M 617 716 M806 0 9955 11844 1 16342 169 1796 221
Otbe Re_w1I. 221 2S0 298 306 844 356 406 463 52 6o0 99 107 1148 1143 1377 1498 1747 14

TOTAL 7S84 5891 61669 63 7654 69468 716 75896 7369 84769 91594 94291 104511 1544S 13l195 140064 140626 144362

Sm~~ 1970 1971 1972 173 1*74 175 196 177 1978 1979 1980 191 1962 1l88 1904 198s 198 1967

Dow 17.9 17.9 1.0 18.5 17.1 16.8 15.9 ts.2 15.0 14.5 14.8 15.5 20.5 22.1 24.6 26.2 26.7 26.2
P,srteloa 14.0 14.1 13.2 18.0 22.8 12.3 11.6 10.6 10.2 9.7 0.9 11.8 12.4 14.4 17.7 19.5 20.4 19.7
Nltwe4 8

be 2.0 1.8 1.8 1.7 2.0 2.1 2.1 2.2 2.2 2.0 2.2 2.4 2.6 8.2 8.4 3.6 8.7 8.7
stone col 1.0 1.1 1.0 0.9 1.2 1.0 1.8 1.4 1.6 1.6 1.6 2.0 2.1 2.0 2.0 1.8 1.7 1.6
Nbotillurical Cosl 0.9 0.9 0.9 0.8 1.1 0.8 0.9 1.0 1.1 1.1 1.1 0.o 0.7 0.6 0.6 0.6 0.6 0.4
Vttue 40.0 0.0 0.0 0.0 0.0 0.0 0.0 °.0 0.0 0.0 0.0 0.0 2.7 2.0 1.0 0.7 0.8 0.8

R erfAOM Q4MV 62.1 82.1 06.0 Qa.8 82.9 88.7 84.1 84.8 85.0 85.6 88.2 8.5 79.s 77.9 75.2 73.8 7r.3 78.6
wE,ool.wleat$t 20.1 21.3 28.8 29.4 26.2 30.2 a8.4 85.7 a7.0 39.9 40.8 40.2 39.2 36.1 36.6 36.7 37.8 W7.3
Wood 58.4 J4.0 51.9 49.5 47.6 47.1 48.e 40.1 37.3 35.2 83.4 31.6 27.9 25.? 24.9 22.0 22.6 21.3
SuW Cm* D orivativ. 6.2 6.4 6.8 7.2 8.7 5.0 6.5 8.5 9.1 0.6 9.9 10.6 11.3 13.0 12.5 13.2 11.9 14.0
Otbto Roewoable 0.4 0.4 0.5 0.5 0.5 0.5 0.6 0.6 0.7 0.9 1.1 1.1 1.1 1.0 1.0 1.1 1.2 1.8

fAL tC100.0 100.0 10.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 10.0 100.0 100.0 100.0 10.0 100.0 100.0 100.0

_or"e 1041st" of "la" md OW. Natioal Iaary Bolan". 10.



ftiw MM M lIW 1SIM SIM 487* 4*6 4 SOW7 Swn t§ t NM7 SON SOW 14 4t $WU M

X-~~~~~~~~IfRt 25*414| 8f0 2711 47X us _n onff SIS tO W4 4 110 I 462 07 7tt M UW T40

bnet 0CA No an 7 1 0 d SWZ 4S B 413447oS gm IiS77 S 2293 >153 _1 g NU 2$97 I §

XlktarSca es" lAll 177: 17M 1 1785 ft"1 211tS, SW7 J67 ltS9 401S Ut17 3rdS 447S 10|1600 6O 955 7251

;_ig 0 a 0 0 0,- 0 0 a 0 0 0 0 104 0 0 0 0 U14

iowa#E sa 47"1 4_3 SI 691x76 OX 98 W e"M 7ftl 784 707 62 8ST07 OS1 4 1O7 oz

*IeArl<lW~~~~15 1200R 1462 IS 419047 "63 0 1r7W 2W = 3738 WA 43 4032 UM 5" 3

tm I SUMa MU10 SIMg aaU WM SIM W RM 2es 3w 2"tO 21179M 297 267 83 $72 SlI

rup Cux lSrwitv*l ' M Xr? 4M 5t 46K 40 4 64U7 ? SW 7f 9M 11 ISM414 INN" SO 20

toer _mobtzs 2l1 X0 2g1B 3 SX4 mS 400 4U1 662 SOS 90. I07 1148 1Xi5 l1377 149 J7 164

TOTL 74111 SrM73MU -U MO SOW$ 1 t8UU 11t445 1W 094 U9S14 %W7t9 14SO 40 I§4t 160 '7090 I'M U7S lOt1

OLMIW n 190" IWO 074 1972 IWOa 1974l76 l97 14nD8 " 19BD IOU lW IM 1 984 19 MG 9B7

_ E40AM eo s6e Or s 40.2 4t.2 4a.2 44.9 45.7 45.2 46.0 45.9 a3.7 42.8 42.1 3a.s S9.4 89.2 40.9 41.0

Ib_o 83.8 _A.1 n.e 40.0 40.3 41.7 4S.0 40.8 4S.5 41.6 39.P W.1 as.1 34.1 33.1 u1.s 33.2 32.6

Iotefia 0.2 O.S 0.4 o.a 6.5 .S 0.4 0.0 0.7 0.7 o.e 0.4 I.0 1.3 1.S 1.8 2.0 2.2

stW CM$ oa 0.4 0.7 0.7 6.4 o.e 0.6 0.6 .0. 0.8 0.9 I.S 1.S 1.4 1.9 1.4 *.J *.6

notelarelea Cos 9.a 2.3 2.0 1.9 1.0 - .l 2.5 2.8 2.7 2.0 2.0 2.4 2.6 8.0 a.7 4.0 4.0 4.0

Ur"-v o.o o.o e.o 0.0 0.0 0.0 0.0 0.0 0.0 O.* 0.0 0.0 0.8 0.6 0.0 0.0 0.0 0.6

_swa no .1 82.S 9.0 $6.7 s*.8 56.1 u6.a 54.8 54.2 5 .1 e4.s 57.2 57.0 ee.1 60.4 0.9 t9.1 $9.0

*Ammlo¢ctrialbt tS.S U6.2 U7.2 *7.9 *4.3 19. 2U.6 29.1 St.' 26. 2C.9 21.5 2tl.6 29.4 29.5 ao. 3o.3 ss.e

Woeod 42.6 41.1 a7.4 85.6 32.6 a1.0 26.2 25.9 23.4 22.S 22.1 2tJ4 20.S 19.9 OD.* 1s.8 PA.S 17.0

Gw Co* Ow1A"u 4.7 4.0 4.9 4.0 4.4 S.9 4.2 S.6 6.7 *.0 e.s 7.s 8.S le.1 tO.0 t0.9 9.6 U1.2

Othg ros"0 bl .S O.s O.3 O.3 0.S O.S 0.4 0.4 0.4 0.6 0.J 0.6 0.8 0.1 0.0 0.9 1.0 1.0

Mg.L Iob.* tC40 tC0.0 leo. lco.* tC0.0 100. IOC.0 IC. Sao.* to.o tco.o seo.o 100.0 Wooo co.o IC0.0 too 'O

Swor" lliol-" df "in ba storm lbs11m 6&om Sa . Is3B.



- 97 -

Total Ct nun ta jDiVgt Oil
CNittion m3)

Irn ?.1 - 5.6 #4 ~J07 :042
,,MG i,,, 4':.' 134 .4'i 1.6 OA':m 0.2. i.1- t. - :45 .O * . : 0.1 . .

*ZA 12 I16.3- ^ 9 1.43 1.6 0..
it~6 23'*3 .4 -17.^1 3.6 1.7 0r .?
' w''G CuU: A.seaortia XIe~~iox.t lt'fc' 4.taxustivI, kiould*sAutitvo,

BrusHli. a b, 198..

ANNEX 1.6
Autaootive Fuels in Transportatron

(Mittilon too)

CA:~ ~ ~ : 

:. . *..-.s... ,- ., . =. . It.zE. -1i S. . -U ,5 sna' ''3

.< ......

Export and Consusetib!i Gfasotine NAnedAloh

'N' '; s ' i 'i'I*...... *.. x.. toQE "'mi, 0; os,

IMP

ANNEX I^.7

j W w,*i __ ~~~~~~~~~ _ '..~~.

i .._ ,

-~~~~~~~~~~~~~~~~~



- 98 

ANEX19
Page 1 of 8

EI4RRG' D(NDFRCSSANAD M -Sg MEHODOOGY

Background

1. Energy demand forecasts are central to the analysis of the energy
sector, influencing investment, pricing and finances. Energy consumption is
affected by income, prices and other socio-economic variables, The nature and.
speed of economic growth determine to a large extent how energ7y demand grows.
Energy consumption in Brazil is highly correlated with GDP growth, and GDP
projections face considerable uncertainty. Total energy consumption grew at an
-average of 6.4% during l97O-79, while GDP grew at 7.6%. During 1980-88 energy
consumption grew at 3% and GDP at 3.1%. The apparent income elasticity of demand
from 1970 to 1979 was 0.85, increasing to one from 1980 to 1988. Given the
uneven petformance in the past and the present macroeconomic problems, the
outlook for the future continues to be uncertain. Thus, the energy forecasts
should consider alternative macroeconomic scenarios and policies.

2. PETROBRAS' methodology prevents the simulation of demand according
to alternative scenarios. The petroleum product models do not have the necessary
variables to incorporate explicitly economic and policy variables. PETROBRAS'
forecasts are in essence trend projections and educated guesses. Some of the
models consider other variables besides time (such as population distribution,
number of households, car fleets, etc.), but none of them is based on. a
consistent analytical basis that would allow the direct consideration of
alternative scenarios. The scenarios are taken into account indirectly, through
educated guesses as to the likely future evolutior. of the independent variables.
None of the models consider, for instance, price as an explanatory variable.

3. There are two problems with ELETROBRAS forecasts. First, there is
only one demand scenario, which makes it difficult to deal with the extreme
macroeconomic uncertainties confronting the Brazilian economy. Secord, price
is not considered, thus limiting the possibility of simulating .he mar'xet
according to different tariff schedules, and different energy conservation goals.

Forecast Approach and Demand Model

4. In order to examine alternative macroeconomic and pricing policies,
and supply constraints on a consistent methodological basis, we developed a
series of demand models, predicated on the basis of a competitive market. For
residential consumption, this means that energy demand depends on relative fuel
prices and household income, while industrial demand is dependent on output and
relative input prices.

5. We have selected the partial adjustment specification of demand,
which states that demand in year t is explained by the value of all the
explanatory variables in that year, plrs the lag-dependent variable (fuel
consum-'tion in the previous year). The model formulation is double-log, so that
the coefficients of the equation are tne short-run elasticities of the exogenous
variables.

6. Regression analysis was used to define the relationship between the
dependent and independent variables. The base data correspond to time series
at the national or system level for 1970'to 1988. The units for hydrocarbons
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and alcohol were in toe, GWh for 2ower, and the income and price data in constant
prices of 1988. Static and dynamic specifications were tested, selecting those
that explained consumption better. In general, the chosen specifications were
dynamic (i.e., the explanation of the level of consumption not only depends on
current conditions but also on past decisions). Ordinary least-squares was
generally employed along with two-stage least-squares for customers subject to
tariff block pricing.

7. Given the existence of intet-fuel substitution, the forecast approach
adopted went from the general to the specific: forecasts were made at different
levels of aggregation, from global energy to specific fuels by sectors.
Consistency was sought so as to avoid large deviations from the totals by
specific fuels as compared to the global forecasts. Thus, the forecasts were
developed in stages. In the first one, each fuel was forecasted separately.
In the second phase, aggregate forecasts were developed, from total energy to
total electricity consumption. In the third and final stage, both types of
forecasts (disaggregated and aggregated) were compared and a final set of
forecasts selected. This procedure permitted the incorporation of some of the
inter-fuel substitution which is difficult to simulate. effectively in
disaggregated models.

S. The adopted demand equations represent a compromise between
econometric results and judgements. In the case of natural gas, where historical
consumption is negligible and supply constrained, the regression results are
meaningless. Thus, the adopted demand equations for natural gas are more
judgmental, taking into account experience with elasticity values for other
countries. In the case of fuel oil demand and industrial electricity demand, the
income measure used (industrial value added) was weighted by intensity factors
of the different industries. Thus, demand equations were built for:

o total commercial fuels;
o total hydrocarbons and alcohol;
o total petroleum products and alcohol;
o total petroleum products;
o total electricity;
o specific fuels and sectors:

LPG;
- gasoline;
- kerosene;
- diesel;
- fuel oil;
- alcohol;
- natural gas;
* residential electricity;
-f industrial electricity;
- commercial electricity, and
- other uses of electricity.

In the case of alcohol and natural gas, supply constraints were introduced.
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Exp~lanatory Variables

9. The income variables employed in the analysis were related to GDP
and projacted accordingly, so as to simulate demand with different economic
growth prospects. An average 5.2% annual growth rate of GDP is assumed from 1990
to 1995, growing 6% thereafter. Doriestic prices for petroleum products were
pegged to the World Bank forecast of the international price of oil, assumed to
increase (in 1988 prices) from US$15.33/bbl in 1988 to US$16.65 in 1995, and
US$21.23 in the year 2000. Electricity tariffs are assumed to reach LRMC levels
(in one scenario) by 1995.

10. As described in Chapters III and TV, two scenarios were developed
on the basis of alternative pricing policies: the "Business as Usual" (BAU) and
the "Efficient Pricing Scenario" (EPS). Both forecasts restrict the supply of
alcohol to the present capacity of 16 million cubic meters per year, and of
natural gas to 17 million m'/day, the estimated attainable level by year 2000,
assuming no imports.

Elasticity Results

I1. An analysis of energy price and income elasticities was carried out.
The short-run and long-run price and income elasticities of demand are presented
in Table 1 below. The analysis showed inelastic demands for price changes for
most fuels, except for gasoline, alcohol, fuel oil and industrial electricity.
In spite of this, the long-run price elasticities are relatively significant for
most fuels.

12. The results of the analysis suggest large inter-fuel substitution.
The price elasticities decline with the level of aggregation: energy demand is
less elastic as a whole than for any of the particular fuels because of
substitution. The only exception is electricity, due to the large share of
industrial consumption in the total and the use of different income measures for
global electricity consumption, residential, industrial and commercial demands.
The demands for kerosene, diesel, natural gas, and residential and commercial
electricity are not very sensitive to price variations, indicating moderate
effects on demand and significant revenue effects as prices are modifiedt.

13. Residential electricity demand is, as expected, more inelastic than
the other demands. Once the effect of new users is taken into account
explicitly, expressing residential demand in per user (household) terms, the
long-run price elasticity becomes more significant and the income elasticity
declines. Industrial power demand in Brazil is, as expected, relatively more
elastic, indicating a rapid and effective response of industry to relativfe price
chanuges. This elasticity is largely due to the ad hoc demand management programs
implemented in the electricity sector. The two historic demand management
programs were: the "tarifa hora-sazonal4, and electrothermal fuel substitution.
The first program, designed principally to reduce peak load, helped to achieve
a system load factor higher than 70%. The second program, based on a
concessional tariff (EGTD), expanded demand rapidly from 0.7 TWh in 1982 to 12
TWh in 1985 (i.e., 13% of total industrial demand).

1 These elasticities are preliminary. Further work is needed on cross-price elasticities.
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Table 1:
orice and Income Elasticities of Demand for Fuels

Price ke tncome Adiusted Income
Enerae Demand Form Short-run Lor Shortrun Lon-run RI Measure

Totat energy -0.04 -0.16 0.21 0.75 0.99 GDP
Hydrocarbons & alcohol -0.12 -0.36 0.32 0.96 0.98 Disposable Income
Total.oit product s -0.15 '0.82 0.15 0.79 0.97 Disposable Income

LPG -0.10 -0.44 0.24 .1.06 0.98 Disposable Income
.: a6^sollno -:.^ .10.32 -1.00 0.35 1.13 Disposable Income
*. Xerosen . .-0.11 *0.28 .0.3S 0.92 0.94 Disposable Income
Diesel -0.. . . .. ;. t09 : *0.24 0 . 0 50 s .44 .O1.O Disposable Income

-0. Tl30 v-0.9 0.40 1f0.29., 0.96 .. ::Weightedind. value added
{Xg wXtiatusa gas -; >>q0.30 t*-0.60 0.40 1.10 0.9 DIsposable Income

W t ; Si<i . f ito O?9t 34 isposable Income
IetSectriftyb -:. :0.20 -0.83 .0.26 1.08 1.00 OP

:;.stdentiel' -ff0.02 -: 0.22 0.15 t.46 1.00 Olposabe Inco
1. testien.tit per uer .-0.03 -0.50 0.10 1.09 0.90 Disposable lnenme pe
: m tustrial : .... .:. . ^0.22 -0.60 0.11 1.10 t.00 Weighted id. value added
.ommerc al -0.03 -0.26 0.07 0.71 1.00 Cotmaerciat value added
O thers: . - -0.33 .1t.44 0.96 DOiposable Income

Make_t Review and Forecasts

14. T h e Table 2
relative importance of Rates of Growth and A6Darent Income
fuelvood in energy Elasticities of Consumption
consumption declined
from 41% in 1970 to

Rates of Grgtit CX) Elasticities
11% in 1987. The Energv Sources 1970-80 ot 80 97t0-SX 1980-87
share of electricity, fuetwood -2.7 -2.8 -0.3 -0.9
on the other hand, .Charcoal .. 0.3 5.7 1.4 1-.9
increased from 16% to Suawr caewbaw .se 8.0. 9.9 1.0 3.3
34%. The apparent Other ..bik-futs. 18.0 9.4 2.4 3.1* The apparent ~~~Electricity 12.4 6.6 1.6 2.2
income elasticity for Ofl products 8.6 0.2 1.1 0.1
firewood demand was Alcohol 18.4 20.1 2.4 6.7
negative for 1970-80 Natural gas 28.8 18.5 3.8 6.2

an.1980-87 (-0.3 and other energy 11.3 9.9 1.5 3.3
and. 1980-87 (^0.3 and . Totat 6.4 3.6 0.8 1.2
-0.9 respectively). Totat without fuetwood 10.1 4.7 1.3 1.6
For electricity, the
values were 1.6 and
2.2, respectively. We
expect these trends to continue in the future.

15. The share of sugar cane increased, mainly due to the rapid growth
in the demand for.alcohol. The high income elasticity of alcohol is explained
by the subsidies and fiscal incentives to alcohol vehicles. Consumption of
petroleum products grew at 8.6% per annum from 1970 to 1980, but almost stopped
growing during the 1980s. Although part of this decline was due to the slowdown
in economic activity, the main reason was the policy of substituting imported
petroleum with a: ohol, hydroelectricity and natural gas. Thus, the apparent
income elasticity of demand for petroleum products dropped from 1.1 during 1970-
80, to 0.1 in the 1980s.
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FLI;ure 1: Structure of Consumption by Energy Forms (1970-1987)

16. The evolution of the demands for petroleum products; petroleum
products, natural gas and alcohol; and all commercial fuels are presented in
Figs. 2 to 5. As the level of aggregation increases from (Fig. 2 to Figs. 3 and
4) the outer surface of the curve becomes smoother, due to inter-fuel
substitution, i.e., the total demand for commercial fuels varies from year to
year less than specific fuels, because of substitution.

17. The demand for petroleum products increased at an average rate of
0.3% per annum during 1980 to 1988, while total secondary commercial energy
demand grew annually at 3.8%. Petroleum products demand grew at 8.6% p.a. from
1970 to 1980, and about 0.s2f from 1980 to -r1988. However, this performance wa
rather uneyen: there was rapid growth during the 1970s (19.2% in 1973), followed
by sharp declines during the 1980s (for instance, the drop of 7.4% in 1983).
This uneven performance was largely due to the uneven performance of the
econom9, and the policy of substituting imported with domestic fuels. The
decline in gasoline and fuel oil consumption after the oil crisis and the ensuing
subititution policies of the 1980s, was partly compensated by inereases in
alcohol and electricity demand.

2 The cerelatf on coeffl1cent between petroleun products demand and GDP is close to 0.9.
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18. The graphs also present forecasts up to the year 2000, assuming
efficient fuel prices (see Chapters 3 and 4). The demand for oil products is
forecasted to increase at 3% per anum from 1990 to 1995, accelerating to 4.7%
if rational fuel pricing policies are in place, while total commercial fuel
demand grows at 3.7% and 4.6% p.a., respectively. In 1988, petroleum products
and electric power accounted for 43.8% and 48.7% of commercial secondary energy,
respectively. These shares change by the year 2000 to 46% and 43%, respectively.
Figure 5 shows the evolution of the structure of commercial fuel demand for
different years.
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POWER SYSTEM PLANNGN, - XAMNpION AND INVISTNRNT

1. ELETROBRAS has the primary responsibility for the coordination of
planning in the power sector, which includes the preparation of expansion plans
for generation and transmission systems. Distribution planning is the
responsibility of each individual utility but the participation of ELETROBEAS in
the global assessment of the adequacy of the level of investments of the
individual utilities ensures a consistent approach. BLETROBRAS is arbject to the
supervision of DNAEE in the preparation of its plans and the plans themselves are
subject to the formal approval of MME. Since 1981, SES! within XOF has approved
the sector'e budget to ensure consistency with the level of public sector
investment spending (see Chapter II). ELETROBRAS has developed a comprehensive
set of planning models for the preparation of development plans to expand system
generation and tranmission capacity In the long-term (20 to 30 years), medium-
term (10 years) and short-term (about five years). The long-term plans are
revised every five years, while the medium- and short-term plans are revised
annually. Given the size of the Brazilian power market, the large number of
power utilities, the considerable time that it takes to implement large
hydroelectric projects and their capital intensity, the power planning process
in Brazil has evolved into a flexible mechanism that produces long-run plans
which are compatible with frequent adjustments in the short and medium terms.
The planning methodology is considered to be one of the best in Latin America,
encompassing models that adequately represent and simulate the characteristics
of the existing system, along with the candidates for expansion.

2. The sector i.eneration expansion program is formulated mainly
utilizing a linear-programming model, DESELP (Determination of the Long-Term
Power System Expansion), developed by ELETROBRAS, utilizing an IBM package
(UPSX/370, and complemented by various more detailed aimulation models. The
objective is to determine the optimal composition, sizing and sequence of power
generating plaut additions to meet system demand requirements at the lowest
economic cost (the present value of the associated investments as well as
operational, maintenance and fuel costs are minimLzed) for given standards of
reliability. The bulk of the generation expansion plan is based on the
installation of hydroelectric power plants (mainly schemes with multi-annual
regulation) complemented by a reduced amount of thermal-based generating plants.
Several generating schemes -- for which information is available at different
levels of precision concerning inventory, feasibility, basic and detailed design
studies -- are analyzed through simulations using the above model and
complementary models and the optimal oequence is selected from all feasible
combinations of available generating schemes. The simulation models specifically
consider individual power scheme characteristics, such as capital and O&N costs,
capacity, firm/secondary energy, as well as power system data, such as system
reliability levels and hourly system load curves for the different years under
analysis. The level of system reliability is based on the determination of the
probability of system power deficits and operational planning assumea that the
probability of having an annual energy shortage is below 5% of projected demand
in a given year. In fact, it should be noted here that Plano 2g10 changes the
risk of deficit from 3 to 5 percent, without identifying the consequences of this
important change in one of the planning parameters.
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3. The sector transmission expansion program is also formulated in the
context of long- , medium- and short-term scenarios, taking into consideration
the market forecast, generation expansion programs, existing system
characteristics, load dispatch and regional power interchanges. For the long-
term, only basic characteristics -- such as voltage levels, capacities and
tentative commissioning dates of large transmission links and substations -- are
determined through system simulations, using load flow, short-circuit and
automatic network expansion models. The results of these simulations provide
adequate background expansion plans. For the medium-term, detailed analyses are
undertaken in order to define the basic characteristics of all transmission lines
and substations -- including conductors and power transformer sizing, reactive
compensation and specific commissioning dates. In addition to the models
utilized in long-term planning, system stability and economic optimization models
are used. The short-term planning -- which provides the basis for decision
making relating to the construction and commissioning schedules of works -- is
determined using the above models, although the data are based on more detailed
information. All the configuration parameters of the system are well defined and
they provide the necessary elements associated with the physical sector expansion
programs and the corresponding details of both the investment and financial
plans.

4. Distribution planning is carried out by each of the sector utilities,
following certain specific technical standards which are included under sector
legislation. The distribution expansion programs are formulated for lonq-term
(10 years), medium-term (5 years) and short-term (1-2 years) scenarios.
Distribution planning using traditional methodologies is made by the utilities
to determine the required high voltage facilities (69-34.5-24-13.8-6.9 kV) such
as distribution substations and primary lines. only three utilities, LIGHT,
COPEL and CEMTG also carry out detailed planning for secondary networks (440, 220
and 110 V). In general, distribution system performance is monitored by the
utilities through social axid topological parameters (population, income,
development, education, location) and technical indicators (voltages, voltage
drop, flicker, losses, reliability, loading, short-circuit levels). The
frequency and accuracy of such indicators depend on the level of sophistication
of each individual utility. Based on the utilities" load forecasts and on the
above parameters, different expansion alternatives are technically and
economically analyzed. The least-cost schemes are then selected, provided that
they meet the prescribed standards regarding load and voltage profiles, as well
as system losses, voltage drops and reliability levels.

5. The methodologies utilized by the sector for planning the expansion
of its generation facilities are in line with economically accepted concepts of
long-run least cost power system expansion plans which optimize sizing and
commissioning dates of future plant additions. The nuclear and coal-based power
generating programs, which we consider a deviation from the least-cost expansion
plan, are discussed further below, under the sector investment plan. However, the
treatment of reliability could be improved by evaluating alternative reliability
levels in terms of the value to the economy of unserved energy.

6. The analyses made for planning transmission works are comprehensive
and the methodologies are satisfactory, although an attempt should be made to
utili-e probabilistic methodologies and due consideration needs to be given to
the evaluation of the cost of power outages. In general, the selection of the
transmission line configurations (voltage level, structures, conductor sizes,
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span lengths and routing) is based on economic comparison with other possible
configurations. In each particular case, the alternative is selected with the
lowest present value at a discount rate of 11%, assumed to be the opportunity
cost of capital in Brazil. Furthermore, substation capacities (power
transformer, capacitors, reactors) and their lay-outs are established to
minimize investment and op6cational coats over the facility's useful life, taking
due consideration of both substation load requirements and applicable technical
standards currently being used in the sector.

7. Planning of the utilities' subtransmission and distribution systems
is based on the application of reasonable optimization methodologies, although
again consideration ought to be given to the use of probabilistic approaches.
When reasonable alternatives exist for power system expansion (e.g. new supply
points for the distribution network), the utilities seek to select the least-cost
alternative at a discount rate of 11%. Generally, however, no reasonable
alternatives exist, because the works involve expansion of existing
installations, which should use predefined sites and rights of way. In these
cases, the sizing and other characteristics of the works are defined in
accordance with standard configurations which represent an economic solution.
Nevertheless, there may be cases where reasonable alternatives do exist which are
not considered, such as local generation, supply from other primary circuits,
phased coitstruction, or deferring investment. Such alternatives may not be
considered because they involve different reliability leveles the current
distribution planning methodology predetermines the reliability level for the
alternatives to be considered, rather than allowing reliability to be another
variable in the optimization process. At the aggregate level, presently neither
ELETROBRA8 nor the Government have satisfactory ways to assess the adequacy of
expansion plans for power distribution. At the power utility level, the
distribution companies need to revise their planning and design criteria in the
light of economic considerations and financial constraints, and should improve
their methodologies to define priorities in power distribution investments. To
address the aforementioned problems, distribution planning studies at the sector
aggregate level as well as studies aimed at improving the methodology for
expansion planning and design of the individual utilities power systems are being
carried out with Bank support (Loan 2565-BR).

8. Since the mid-1970s, the Brazilian power authorities have made
significant progress towards implementing environmental and social safeguards in
the power sector. Notably, they have taken initiatives to mitigate the harmful
side effects of large hydroelectric projects on river basin ecosystems and human
populations. By 1985, ELET*OBRAS and various regional utilities had created
environmental units, carried out studies, and in 1986 ELETROBRAS prepared a
"Manual for studies of Environrmntal Effects of Electric Systems" (the Manual),
which has since served as the basis for environmental studies in the various
stages of planning and implementation of electric systems. The studies proposed
ln this Manual also provided the basis for preparing Environmental Impact Reports
(RINAs), which have been, since 1982, a fundamental legal requirement for
licensing the construction and operation of electric systems (power generation
plants and transmission lines), by relevant Federal and State environmental
agencies. While this Mana became an effective first step for sector-wide
progress in environmental management, XLETROBRAS and the regional utilities soon
recognized the need to follow it up in more depth, including social questions.
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9. Sinee 1986, ELETROBRAS has prepared the Environmental Master Plan
(EMP) for the Power Sector in connection with Loan 2720-BR. The EMP consists of
sections on: (i) national environmental policy, legislation, regulations and
guidelines; (ii) specific guidelines to improve environmental planning and
operation on the part of the power sector, including criteria to aesses
environmental costs and benefits related to the construction of power projects
and the operation of the system; (iii) preparation of environmental and social
action plans on a project-by-project basis; and (iv) measures to strengthen the
institutional capabilities of the sector for implementing the EMP. Together with
the Manual and the general Federal guidelines for the preparation of RIMAs, the
EMP provides guidelines for the treatment of environmental, resettlement, and
tribal matters and specific project-by-project social and environmental action
programs. The EM? is a dynamic performance evaluation of the power sector and
is periodically updated and re-issued. Results of the implementation of the EMP
can be measured primarily in terms of: (i) the environmental, resettlement and
Indian assistance programs, which have been carried out since 1986 by ELETROBRAS
and the power sector utilities in compliance with its guidelines; (Li)
improvements in the investment selection processl and (iii) institution building.

10. Recently, ELETROBRAS started to develop a methodology to integrate
environmental effects, both ecological and socio-economic, more directly into the
basic project analysis through an Environmental Index (BI)1. The EI attempts
to take into account, for each alternative, the physical and biological effects,
e.g erosion, impact on local fauna, and tropical forest coveragel and the socio-
economic effects, e.g. population displacement, infrastructure requirements
caused by the project, and changes in local economic activity. The index
increases as the environmental costs increaue. The E1 is then considered jointly
with the standard cost-benefit measures, so that ELETROBRAS can at least
eliminate projects which, for little or no gain in standard cost-benefit terms,
involve significant increases in EI.

TEE POWER SECTOR BXPANS ION PROGRA

Plano 2010

11. The qector's current expansion program for 1990-1995 was prepared on
the basis of the long-term expansion plan, pleno 2010, a comprehensive planning
study completed in early 1988 and elaborated in accordance with the planning
methodologies described above. Before considering the current investment
program, it is therefore necessary to analyxe briefly the principal features of
PlUa2 2010.

12. Plano 2010 is essentially based on developing hydroelectric power in
the expansion of generating capacity. As seen in Annex 1.2, Brazil is relatively
rich in hydroelectric resources. Five basins which are being considered ares

o the Parana, which is the dominant southeastern basin (with more than
half of the existing hydro capacity) and which includes Itaipul

o the southern basins, the most important being the Uruguay and
Iguacu;

o the Sao Francisco basin, the main basin to supply the northeast;

'See R. A. Cs**, "Review of Kethodo. *i used for Expamsion Plaming of the Brazitlan System Generation
we Trarsmision", Deceir 1989.
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o the Tocantins-Araguaia, on tthe border with Amazonia and sharing its
potential with the northeast and the central-west systems; and

o the Atlantic eastern basins, comprised of a series of relatively
small rivers (the most important being the Paraiba do Sul, Doce, and
Jequitinonha in the eoutheast-centerwest power pool).

With the development of the hydroelectric resources of the Amazon, three more
important basins could be added -- the Xingu, Tapajos, and Madeira -- roughly as
followst

o development of Volta Grande in the lower Xingu, which includes a
hydroelectric complex of 17 GW (Cararao/5elo Monte and Babaquara);

o a large 9 GW project on the Tapajos-Itaituba basins
o various hydroelectric developments on the Madeira, for a total 12 GW

capacity; and
o other small projects.

13. The hydroelectric share of projected installed capacity in the
reference case of Plano 2010 (see Fig 1) stays above 90% until the year 2000,
after which It declines only slowly, to reach 88.6% of total capacity by the year
2010. The additional hydroorlectric capacity after the turn of the century comes
principally from the Amazon region, with the developed share of economic hydro-
potential rising sharply from 17% to 78% in just ten years, implying a rate of
growth of 16.6% p.a. (see Table 1).

Installed CapacTty
1986 - Z010

~~~~~~~~~a am

14. A number of comments car. be offered on the hydroelectric solution
embedded in Plan 2010. The transmission of large blocks of power from the
northern to the southern part of the country, representing a magnitude similar
to Itaipu every five years, would be a major technological challenge and will
constrain LE$ERORAS' ability to develop the Amazon, aside from environmental
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considerations (see below). There are other hydroelectric resources that should
be studied which might offer a more manageable transition, slowing the rapid pace
in the development of the resources of the Amazon region, among which the hydro
potential of the Araguaia-Tocantins basin has been noted in the literature as
promising2. In this context, there is a need to update Brazil's catalogue of
hydroelectric projects. The only available comprehensive hydroelectric study is
still the CANANBRA study, financed by UNDP in the 1970s. The new study needs to
examine in depth the resources of the Amazonia, to update the available
technical, economic and environmental knowledge.

TABLE 1
Development of Economic Hydro Potential: 1995-2010

(GW of Firm Energy)

;lFt*s U**y (6W 39.a 3 76. 44. J2.7: 7i.
:W*rt >XX ?.P 6.1 17.1 28.?
; tfr.Es.|t 7...... .. ..8 6. 7.3. .7.4 7'.I

*ot&tJ5t/t.st -30.9 .9 25.6 6.47 28.1
;outh 1.9 6.8 9.64 11.- 3.1

notes: ,1 s r~un frld. ,~~ . .it ,' 'i '

15. The development of large-scale projects in the Amazon presents
serious environmental risks and ELETROBRAS will not find it easy to reduce the
environmental costs to an acceptable level, despite the significant strides
forward that it has made in environmental analysis. The adopted hydroelectric
solution is also weak in terms of the limited flexibility that it gives to the
power system compared with other alternatives. The construction of smaller
thermal projects, for example, would provide flexibilitys (i) to respond to
unexpected changes in the rate of growth in demand; (ii) to take advantage of the
possible emergence of new technologies or the improvement of existing onesl and
(iii) to gain more experience with the, environmental effects of hydroelectric
construction in the Amazon. The inclusion of additional criteria in long-term
system planning, to reflect environmental offects, to credit flexibility and to
penalize risk, might postpone developments in the Xingu and Tapajos basins until
the Tocantins basin has been fully developed. In this way, development would be
consolidated in an area which has already experienced growth in the last twenty
years rather than developing a whole new region.

16. Brazil's main alternatives to the development of the Amazonian
hydroelectric potential are: nuclear power; gas (including imports, e.g. from
Argentina and Bolivia); oil (including shale oil); domestic and imported coall
international hydroelectric schemes (e.g with Argentina); renewable energy
sources, such as bagasse, solar, wind, tidal and mini-hydro; and energy

2 Alan 0. Poolo and JosE Roberto Noreira, #Atit de alternativa miclear so ptano 2010" (Sao Paulo, Braz2l:
Instituto de ELetrotdcnfca e Engia de USP, 1988).
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conse"rvation (especially through pricing).3 Plano 2010 found these alternatives
to be generally unattractive. Nevertheless, there are options which are worth
exploringi and the thermal options which P14nog 2Q1 did include, namely nuclear
powr -(for strategic reasons) and a limited expansion of plant using domestic
coal, do not appear to be economically attractive.

17. Flano 201 gives very limited attention to the use of natural gas.
It considors steam turbine plants with high capital costs operating in base mode,
concluding that 4.5 million cubic meters of natural gas per day would be needed
in 1995 to supply 1,000 MR. However, considering combined cycle, it would seem
that this limit could be boosted to at least 1,500 MW.4 Similarly, bagasse co-
generation is described favorably in the plan, but none is projected, due partly
to institutional problems (see Chapter 11) and because the estimated potential
is too small to change the strategic panorama. While this may be true, the
additional use of bagasse to "firm up" some hydroelectric power should be
explored further.

18. Other hydroelectric options are available to Brazil through
international co-operation. These could be attractive, even adjusting for the
risks associated with more external energy dependence.5 For example, the
Roncador project, a large binational project of S,400 MW, is not presently
considered in the Plang 20oO. This project should be examined to determine its
operational and cost characteristics. It is located on the border between Brazil
and Argentina, in the Uruguay basin, and is interesting to both countries. The
hydrology is quite distinct from that of the Parana basin, which dominates
Brazil's hydroelectric capacity. A second interesting binational project is on
the border with Bolivia, the 11,000 MW plant on the Madeira river which is even
lses studied than Roncador. A third binational project that has been studied on
and off by Argentina and Brazil for several years is the interconnection of their
systes. The characteristics of both systems are complementary. Argentina has
a power system about 25% that of Brazil, where thermal generation is
proportionately larger than that of Brazil and their load curves are compatible.
Perhaps a two-way exchange of power of about 3,000 KW could take place, the
direction of which would depend on the season and the hydrological conditions of
the year.

19. Flnally, energy conservation and demand management could be
integrated more effectively as an alternative to additions to generating
capacity. The criterion in Plang 2010 is that energy conservation options are
considered only if their cost is below one-third the cost of marginal generation
expansion cost, which seems to be restrictive.6 Energy conservation offers not

-The potentlal from daestfc supply resources Is discussed n Annex 1.2.

ukbJect to the ava1lable sjpply and LRNC of natural gas. S Chapter IV.

A dditomal studies could be made within Brult to miegn weights explicitly to risk nd enery
tnd(epdsnce, since experience In these techniques exists elsere.

'See It. A. Cawp, Op. cit
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only a low-cost and environmentally-sound alternative to investment in generating
plant, it reduces the risks related to demand growth. 7

The Sector's Current Expaneion Prooram

20. Although the sector's current investment program for the period 1990-
1995 is broadly based on the precepts of Planc 2010, in the sense that it
preserves the optimized construction sequence of power generating plants and
associated transmission grids established in that document, it has been adjusted
in some key respects by ELETROBR8 and by the sector utilities. The latest
version takes into account the sector's financial capability to execute the
investment program, based on actual and expected sources of funding; prioritizes
the implementation of transmission and distribution projects, so as to re-
establish the reliability levels of power supply and transfer the energy
generated by new power plants to the centers of consumptiont and restr&ins
expansLon plans for large electricity-intenslve industrial users under subsidzed
tarLffs. 8 Ths underlying demand forecasts are those of ELUTROBMS shown ln
Annex 111.1

21. The commissioning dates of several power generating schemes (such as
Porto Primavera and Taquaracu of CESP, Segredo of COPEL, Nova Ponte of CBMt¢,
Berra da Mesa of FURNAS, Ita of ETROSUL, Candlota of CUEE) have been delayed
for periods ranglng between two and four years as a result of both the lower
electricity consumption patterns which are expected during the coming years and
the financial constraints imposed upon the power sector by the adverse
macroeconomic situatlon. Furthermore, no plans exist to construct further
nuclear statlons beyond Angra. Details of the power generating program are
Lncluded in Annex tIZ.4. The sector expansion program is adequate, except for
the program of coal-fLred plants --whlch is limLted to the installatlon of less
than 5 of the total capacity being considered, to provide system peaking and
base capabiLity as well as energy for expected shortages during dry season
periods--has also been delayed. We continue to urge the BrazLlian authorities
to analyze in more detail alternative sources of generatlon, such as natural gas
and blomass (sugar cane) within the least-cost expansion context.

22. During the late 1970s and early l98Ps, the power sector allocated a
large portion of its financial resources to de'elop power generating projects,
which accounted for as much as 65% of the total investment. Consequently, the
financing required to implement associated transmission and distribution works
was curtailed beyond prudent levels. The decline in real lnvestment in the mld-
19803 was due to the completion of the major works in Itaipu and the financial
crisis of the sector. Consequently, transmission and distribution projects
suffered, and the quality of supply was reduced. As a result, the risk of energy
shortages -- estimated to have a 15% to 20% probability of resulting in energy
shortages equivalent to 10% of projected demand by 1992 and 1993 - exceeded the

7 The screening criterion for energy conservation nmasures should of course take Into account the fact
that effective dImnd mnagnement (DO) would probably reduce LRNC throush the contraction 1n dkemnd. in other
words, for ON to make sense econmaically, the investor has to recoup fts investment In conservation, and this
can onty be dbne heAn the ex-post LRUC Is higher than (or at least equal to) the verge kWh saved with
conservation.

a Currently, these consemrs -- mainty the alstnuam and steel industries - account for about SS of the
total consrtptfon and benef t from subsfdies equivalent to about 40X of the marginal cost tariff tevel.
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level of 5S traditionally used for sector planning. Under the Power Sector Loan
(Loan 2720-BR), the sector undertook a commitment to bal*'nce the investment
program and tho proposed 1990-1994 program reflects more reali:stically the sector
requirements through the following mix: generation, 53%; transmission, 2301
distribution, 16%; and general investments, 8.

23. Nevertheless, the risk of energy shortages, mainly within the South
and South-East systems, will continue to rise in the coming years and exceed the
5S target level, because of the delays in commieaioning several power schemes and
the historical imbalance In transmission and distribution investment. Under the
Power Sector Loan (2720-BR), ELETROBRAS agreed to implement measures to minimize
the risk of energy shortages and improve the quality of power supply. some
measures to restrain demand growth have already ben implemented and Includes (i)
discontinuing, as of December 31, 1986 subsidized industrial tariffs for the
promotion of oil substitution ("Sletrotermia loads"); and (ii) implmenting the
long-run marginal cost (LRMC) tariff structure for large industrial consumers
(currently representing about 50% of the sector electricity consumption).
Quality of power supply is partially being improved through rehabilitation of
distribution networks, installation of capacitor/reactor banks and improved
public lighting fixtures. In addition to measures already taken, the regional
power utilities will need to: (i) produce additional electricity using existing
oil-fired thermal plants during dry periods; (li) accelerate construction of
transmission and distribution networks; and (iii) implement the National
Electricity Conservation Program (PROCEL) in a timely fashion. Further
corrective action may include selective curtailments of electricity supply. The
levels of reliability in the North/North-East systems are within acceptable
limits. Detailed risk analyses for the different regions are included in Annex
ZiI.8.

Ph sigal ork

24. In line with the assumptions and premises described earlier, the
power sector expansion program necessary to meet the energy requirements expected
by EXLTROURM through 2000, as shown in Annex III.1, includes the commissioning
of about 34,600 MW of power generating capacity, of which about 30,850 or 89% is
hydroelectric; 1,260 or 4% is coal firedl and 2,490 MW or 7% is nuclear. The
transmission and substation expansion programs through 1998 and the distribution
program through 1991 are detailed in Annexes 111.5 and 111.6 respectively.

Investment

25. The estimated cost of the power sector investment program during
1990-1994, corresponding to the physical works described above, amounts to about
US$39 billion, excluding investments required to complete Itaipu (US$840 million)
{see Table 3) but including Angra It and III (US$3.3 billion), which are being
constructed by FURNAS. The financial liability of the sector for Angra II and
III is limited to an amount equal to the cost of the equivalent hydroelectric
plant which would be next in sequence under Plano 20102 the balance is financed
by the, Federal Government. It is estimated that the sector will continue to
invest after 1994 amounts equivalent to US$6.0 billion/year to keep pace with
demand requirements. Details of these estimates are included in Annex III.7.
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TABLE 2
Planned 1=angiion aNW Distribution Works
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generate internal funds is impeded by the low level of tariffs. They were
prepaed by the sector utilities" planning and construction staff and they are
based both on preliminary and detailed design and comprehensive bill of materials
and equilinnt as well as detailed evaluation of the corresponding civil works and
constcruction costs.
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1. Bulk supply Tariffs are applied to all energy and power that is bought and
sold between companies. During the last decade, the 8ST was set at about half
the LRNC. Indeed, the Government is currently operating the tariff equalization
scheme (see Chapter III) in a manner which favors the distribution companies at
the expense of the flnancial performance of the generating companies of
ELETROBRAB. However, in January, 1989, DNAEE started a process of implemwnting
a 8ST which will fully reflect the structure of LRMC by January, 1991.
Currently, the BST is about 60% of LRMC. An economically-efficient SOT would
reflect fully LRMC, including regional differences, to encourage the power sector
tot. (i) incorporate the right signals in the design of retail taxiffs; (ii)
foster the development of the most economic sources of supply; (iii) create the
right incentives for private investment; (iv) encourage individual utilities to
take into account the effects of their decisions on the bulk supply network; and
(v) provide the incentives for the most efficient companies to expand.

2. 5Te Blue Tariff is applied to consumers with a maximum demand equal to or
greater than 500 XW. Such consumers will usually take supply at high voltage (69
kV or more) or medium voltage (2.3 to 44 kV). The tariffs have hourly (time of
day) and seasonal (time of year) components, viz. demand charges for peak and
off-peak hours, and differentiated energy charges for peak and off-peak hours in
the wet and dry seasons. Implementation of the Blue Tariff started as an option
in 1982 and became mandatory by 1987. There are more than 6,000 such consumers,
accounting for half the total electricity consumption and some 40% of the
rvenues collected.

3. Some special tariffs to energy-intensive industries persist as a legacy
from the past, even though the subsidized rates to export-oriented producers and
to industries willing to switch to electricity from other energy sources, notably
fuel oil (the "eletrotermialf loads), were discontinued by 1986. Selected energy-
intensive and export-oriented industries in the Amazon, such as aluminum and
forro-alloy, were given long-term contracts for 20 years with a 15% discount from
the standard tariff, subject to a maximum tariff of US$10.5/MMh and a max"ium
eqpal to 20% of the international price of aluminum. 1 It is estimated that the
two special contracts negotiated with two aluminum plants and one ferro-alloy
plant, for example, will cost the power sector more than US$1 billion. 2

4. The Green Tariff is applied to consumers with a demand exceeding 50 kW but
less than 500 kW and supplied at medium voltage, i.e. 2.3 to 44 kW. The tariff
is less complicated than the Blue Tariff. Two options are availables (i) a
conventional two-part tariff, with demand and energy charges; and (Li) a
eaeonal/time-of-day tariff, with a relatively low demand charge and strongly

differentiated energy charges for the dry/wet season peak hours and the dry/wet
season off-peak hours. Implementation began in 1988 and is scheduled for
completion in 1991. The Green Tariff will cover nearly 50,000 consumers,

See ELETROOS, PEoito III - EletrointMiVoer :0 tnoottco e NeMipsU.

Ibid., p.31.
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responsible for about 10% of electricity consumption and nearly 15% of all
rovenues. 

5. The Yellow Tariff covers consumers at low voltage, with a power demand of
less than 50 kW. There in a distinction by final use, viz. residential, public
lighting, rural and others. Residential consume:s are expe¢ted to face block
tariffs with increasing energy charges; public lighting a basic tariff g and rural
and others a simple energy charge. The subsidies which are now enjoyed by rural
consumers, water supply and sewerage companiee and public lighting are likely to
continue. However, they are presently quanUitatively minor, perhaps 15% of total
codsumption, but if irrigation loads are in¢luded and grow, financial problems
could be created for the sector. The normal low-voltage consumer under the
Yellow Tariff will have the option of a time-of-day tariff, with energy charges
for peak and off-peak hours. There are now 30 million consumers in this
category, of which at least 2S million are residential, accounting for 40% of all
consumption and 45% of revenues. Implementation is scheduled to begin in
January, 1990 and end in 1991.
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PRTRMLEUM SECTOR DEVELOPMENT PLAN.S INVESTMENT MN STRATEGY

P3TjRE LUN 9ECTOR ACTION PLAN IPASPI

1. in November, 1988, PETROURAS lssued an Action Plan, the "Plano do
Acao do Setor Petrolso" (PASP), which laid out the broad lines of a tentative
developmnt program to the year 1997. The strategic targets for the company were
to reach a domestic production of crude oil of about 1.48 million bpd by 1997 to
meet a consumption forecast of 1.54 million bpd, i.e. to attain virtual national
self-sufficiency in oil. In parallel, natural gas production would rise to 70
million m3/day. Much of the production increase, for both oil and gas, would
coma from the Campos basin, with the Marlin oil field playing a particularly
important role. These highly ambitious production target. would be accompanied
by a program to reduce the costs of petroleum transport, notably by more
extensive use of shipping and pipelines to substitute for road and rail. PA8P
required an investmerat program which would increase from US$ 2.5 billion in 1988
to US$ 4.1 billion in 1991 (an average of USS 3.4 billion per year). Within a
few months of its publication, PASP had become obsolete as the Government
introduced yet another of its anti-inflationary programs, the "Summer Plan".
PETRODRAS suffered drastic cutbacks in its investment and operating budget and
was forced to rethink its short- to medium-term strategy.

2. At the same time that PETROBRAS issued PASP, an extensive analysis
and development plan for the natural gas subsector was completed, under the
auspices of the CNE. The plan, known as PLANGAS, had two development scenarios.
Uftder the Basic Scenario, natural gas would be produced from known fields and
delivered through an expanded pipeline network to the principal markets.
Production would increase by 8.5% per year and reach a level of 36.8 million
m3/day in 1997. Under the High Growth scenario, production from known fields
would be expanded and gas would also be produced from fields which have not yet
been discovered. Production would increase IS% annually and reach 71.0 million
mp/day in 1997. In both cases, some of the gas would be reinjected; some used
for field operational and a declining portion would be lost. Hsalvier
hydrocarbons, such as ethane, LPG and conder,sate, would also be extracted. SOme
of the natural gas would replace town gas but would go to new industrial and
domestic consumers.

3. To meet the goals of the Basic Scenario. the expanded system would
requires

o the attachment of 600,000 new domestic, commercial and industrial
consumers by 1991 and 1,500,000 new customers by 1995;

o installation of natural gas processing plants to produce 800,000
tons/year of LPG and 200,000 tons/year of ethane in 1995 and
1,500,000 tons/year of LPG and 700,000 tons/year of ethane by 1995;

o conversion of 10,000 vehicles, such as urban and intercity buses,
to operate on compressed natural gas rather than diesel fuel or
gasoline.
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Natural gas consumption for power generation would increase to 3.9 million .3/day
by 199s. If the gas is used for baseload thermal plants, this quantity of gas
could fuel 700 - 900 MW. Use in steel manufacturing would be 2 million m3/day
and consumption an a raw material for fertilizer and petrochemical manufacturing
would increase modestly. These are ambitious goals and would require very heavy
capital investment in an already strained capital market. The same problems
affecting PASP have rendered PLANGAS obsolete, although, even if the resources
for investment were available, the High Production Scenario seems unrealistic.

4. Consequently, PETROBRAS has for all practical purposes been without
a clearly-articulated investment program since early 1988. Rence, we have
considered tentative alternative scenarios of petroleum development and estimated
the associated investment requirements. Since a number of the basic parameters
and assumptions employed are drawn from an evaluation of recent experience in the
subsector, it is appropriate to start with a review of past efforts.

Past EfftKte

5. Brazil's domestic production of crude oil has grown at a rate of
about 131 per year for 1980-88 (see Annex IV.3). Furthermore, the cost per
barrel of finding and developing oil reserves (including the oil equivalent of
non-associated gas reserves) has declined steadily over the last 10 years (Annex
IV.3). However, there was a marked slowdown in the growth of domestic crude
production after 1985. While refinery capacity has been sufficient to handle the
increasing supply of crude (Annex IV.4), there was a need to implement projects
to improve the yield of diesel oil relative to fuel oil (Annex IV.5). In terms
of expenditures, exploration, development and refining constituted about 90 to
96% of PETROBRAS' total investment program in the period 1980-1988 (Annex IV.6).

6. The increase in natural gas reserves has varied annually between
7,200 million mE and 15,300 million m3 from 1980 to 1988. Associated gas
reserves are larger than non-associated and associated gas production has grown
faster than non-associated gas production in absolute terms, due to the rapid
development of the Campos Basin oilfields (Annex IV.7). Non-associated gas
production increased at an annual rate of about 20% after 1980. By the end of
1986, gas reserves were almost equally divided between offshore and onshore. Gas
production reached about 6.7 billion .3 for the year 1988, out of which 84% was
associated with oil production. While the reserves-to-production ratio for
associated gas reached twelve yeexr by the end of 1986, closely following that
of oil production, the same ratio for non- associated gas was still at a high of
44 years. This means that there are non-associated gas reserves which could be
developed to suyply an additional 2,000 million m3 a year over and above the
1,057 million mn produced in 1i88. Such a possibility is taken into account in

'the gas production forecast prepared below. On the other hand, the gas-to-oil
ratio for associated gas has been steadily declining over the perlod 1980-1987,
indLcating that the Campos Basin oilfields (which weigh heavily in the overall
productlon) have generally lower ratios than other fields. This trend has proved
to be useful in forecasting associated gas production in the period 1989-2000.
The pattern of natural gas utilization is diacussed in Chapter IV.
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7. In light of the analysis of these past efforts we have projected the
domeatic supply of crude oil and natural gas to the year 2000, using the
following parameteres

o rate of growth of domestic crude supply, 13%/year;

o minimum reserves-to-production ratio (for oil), 10 years;

o gas-to-oil ratio for associated gas, 150 mo/mPj

o growth of non-associated gas production, 20% a yearl

o minimum reserves-to-production ratio (for non-associated gas), 20
years;

o availability of gas to non-PETROBRAS users, 41.5% of total supplyt

o refinery investments, as required to process total crude supply; and

3 investments in exploration, development and refining, 90% of total
PSTAOBRAS investments.

8. Three scenarios were developed to represent poasible levels of
investment in exploration/development and the corresponding investments in
refining and infrastructures

o Scenario AA, keeping exploration and development investments at same
level as in 1988 (about US$ 1.5 billion per year);

o Scenario SB, ralsing exploration and development investments to 150%
of the level achieved in 1988 (i.e. US$ 2.3 billion/year); and

o Scenario CC, increasing exploration and development investments to
200% of the level achieved in 1988 (i.e. to about US$ 3
billion/year).

The resulting projections of crude oil and natural gas supply are summarized in
Table 1 and further details appear in Annexes IV.8 and IV.9.

Comparison with PASP

9. While PASP is already outdated, it is Instructive to compare its
results with Table 1. A direct comparison of all the main projections is not,
in fact, possible because PA8P is not articulated in sufficlent detail, but ome
general remarks can be made. PZTROBRAS was anticipating an average annual
investment of about US$3.4 billion tbrough 1991 (para. 1). If PETROBRAS
continued that level of Investment over 1992-2000, It would be roughly analogous
to Scenario CC. using 1997 for comparison -- the last year for which projections
are available from PASP -- gives the comparative results shown in Table 2.
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10. In broad terms, the projction of doestic crude oil supply under
Scenario CC is quite close to that of PWP. The principal differences arise in
the estimate for the total production of natural gas and in the ratio of
available supply to production. The supply figure in the CC Scenaio (42 million
03/d) may be lses than that of PETRODRAS because PASP may have assumed that
larger amounts of gas would be dlicovered by PWZROBM and possibly that gas
reserves would be developed at a faster rate than in the past. The figure in the
CC Scenario (22 million m3/d) for available supply appears to be consistent with
PASP if 5 million m3/d per day are added to the latter to account for the Shell-
Pecten field. However, for demand forecasting purposes, it would be prudent to
anticipate a maximum available gas supply to non-PETROBRAS users of 17 million
wa/day by 2000, corresponding to Scenario AR (i.e. with investments maintained
at the 1988 level).
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Option #2. Lowest demand and maximum investments, i.e. Scenario AA sand
the EPS(U) demand Scenario.

Annex IV.9 draws together the projections of domestic crude oil supply under the
three development scenarios considered (AA,BB and CC) and the high and low
projections of demasad for petroleum products under the two demand scenarios
formulated, i.e., BAV and UPS (U). The results obtained from the analysis of the
four options for 1989-2000, assuming the World Dank projections of crude oil
prices will hold in the future (Table TV-3), are shown in detail in Annexes ZV. 10
to IV.13 and summarized in Table 3, which leads to two important lessons.
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12. L*esoe 1 is that the policy option of importing crude oil rather than
rolying on PETROBR)8 to carry out the required investments to develop domestic
petroleum resources would lead to some resource savings if PETROBRAS could
continue to lmport crude oil at the prices projected by the World Bank to the
year 2000. The ralevant comparisons aroe

o For the high-demnd growth patha, between option #1 (minfimum
investment and hence greater emphasis on imports) and Option #3
(maximum investments and hence greater emphasis on self-sufficiency
in crude oil production); and,

o For the low-demand growth paths, between option #4 (minimum
investment and hence greater emphasis on imports) and Option #2
(maximum investments and hence greater emphasis on self-
sufficiency).

13. The total and annual costs a,re about 58 higher; and the average ex-
refinery costs per barrel of incremental oil about 6% higher for the option
representing greater self-sufficiency. These are not large differentials in
costs given the uncertainty inherent in estimates of oil reserves and production.
We have also estimated the ex-refinery opportunity cost of a barrel of
incremental oil, assuming it is imported instead of produced locally (Table 3).
While slightly lower (3-6%) than the cost of a barrel produced locally, the
difference is not significant, for the same reasons. However, the following two
qualifications should be noted. First, crude oil prices have increased in real
term since mid-1988, which has a greater impact on Options #1 and #4 than on
options #2 and #3. Under Option #2, a 20% increase in the import prlce of crude
leads to only a 5.5% increase in the total cost, due to the relative importance
of domestic supply. A much larger change in the cost (10.8%) occurs under
Scenario #1, where domestic supply has a smaller role in the total supply.
second, the larger ex-refinery costs per barrel for Options #2 and #3 reflect the
fact that a large volume of production which would be developed in the 1989-2000
period would not yield benefits until after the year 2000. To illuetrate the
order of magnitude of this effect, the average cost per barrel of domestic crude
oil under Options #3 and #4 falls by 10% if the forecast is extended through to
the year 2009 and no additional investment occurs after 2000.

14. Taking these qualifications into account, we conclude that, given the
uncertainty in the cost and production estimates, the policy of producing
domestic crude oil is as economic as importing; while it has the advantage of
greater self sufficiency and provides some protection against higher oil price
movements than projected. However, we must emphasize strongly that our estimates
of the cost of domestic oil production are preliminary and need to be refinedp
and that PETROBRAS must make every effort to reduce the cost of domestic crude
to be able to remain competitive in the face of wide variations in the
international oil price. The upgrading of PITRODRAS' costing system, currently
under way, will provide valuable additional information on the cost of domestic
crude production and on the ways and means to achieve and retain competitiveness
against imported crude.

15. Lesson Two is that resource savings can be obtained from more
effective demand management, through efficient pricing. The comparisons in this
case are:
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o For the minimum investment scenarios, between Option #1 (highest
*demand and no change in petroleum product pricing policy) and option
#4 (lowest demand and efficient pricing); and

o For the maximum investment scenarios, betweeln option #3 (higheSt
demand and no change in petroleum product pricing policy) and Option
#r2 (lowest demand and efficient pricing).

Total and annual costs would fall by 4%; and the annual import bill by 7%-13%
with the implementation of an efficient structure and level for petroleum product
prices. l

. . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 7

'As stated Fn par. 11, the EPStU) dieand scenarto was used in order to distwnguish the eff1ciency gains

due solely to petroleum prod4ct pricing. dditional resource savings uould accrue fron ric ctn alcohol
consum,pt10n4 as under EPStE).
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TIM ECOPgOXIC COST AND WETBACK YAMLgE NATURAL GAS

1. The Average Incremental coat of finding, developing and producing
non-associated gas offshore is difficult to estimate, because of the lack of
experience in developing such fields. The cost estimates have ranged from
US2.30/million BTU to $1.54/million BTU. The former is a World Bank estimate
made in 1983 but may reflect an unrealistically high estimate of finding costs. 1

The latter value is from CUP, based on gas from the Santon Basin, and may be more
indicative of future costs. The AIC of associated gas is much lower, because it
includes no finding costs and only a portion of the development and production
costs. Based on C1P's estimates of the investment and operating costs of
producing offshore associated gas in the Campos basin and delivering it onshore,
the economlc cost, at a 12% discount factor, is estimated to be $0.75/million
BTU. The AIC of gas in each region will be the weighted average of the economic
cost of producing associated and non-associated gas. The ratio will vary and the
best basis for projecting the production ratios in the ratio of associated gas
reserves to non-associated reserves. The proportion of associated gas will vary
from 25.7% in the Northeast; to 44.3% in the Bahia region; to 95.6% in the South-
East. Based on the estimated economic cost of associated gas, $0.75 per million
BTU and $1.54 per million BTU for non-associated gas, the AIC for the North-East,
Bahia and South-East regions is shown in Table 1. These estimates may be on the
high side, because aome portion of the gas will come from onshore sources, which
are less expensive to develop.

2. The deplotion allowance is the foregone future value nf the gas if
it ts consumed today. The future value will be the discounted cost of the
replacement fuel, which could be either petroleum products or new natural gas
discoveries. In view of the large unexplored potential in Brazil, it is
reasonable to assume that non-associated natural gas will replace the existing
supplies when they are depleted. At the projected rate of consumption, proved
reserves will be depleted in 18 years, so the depletion allowance is the present
value of the cost of developing new sources of gas in 18 years. It is estLeated
that the historic finding cost of non-associated gas was $0.67/million BTU 2,
The development and production cost add about $0.30/million BTU 3, making the
AIC for onshore non-associated gas US$0.97/million BTU.

tSe "011 wnd OnS Sector Review," Report No. 4816-BR.

a PLIMGAS Sgro4 No. I Report, 1988.

3 See Wortd Snk, "OLt awd Gas Sector Review," 198I, Report No. 4816-UR.
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3. Most of the gsa would come from onshore fields but assuming 15% was
from offshore fields at an average AIC of U8S$154/million WT , the overall
average AIC for both onshore and offshore production would be approx$mately
$1.07/million BTU. She depletion allowance, calculated at a 12% discount factor,
would be $0.139/mlliLon MrU, as shown in Table 1. The development costs are
Subject to sign$ficant variation, depending on the location of a8 yet
undiscovered resources, field conditions, etc. However, even if the more
accurately estimated cost of developing offshore non-associated gas were used,
the depletion allowance would still only be $0.20/MMBtu. If additional. natural
gas were not discovered, the replacement fuel would be heavy fuel ol. 8aseed on
a 1989 price Of $15 per barrel and assuming the reail price would incresae 1% per
year, the depletion allowance would be $0.39 per million BTU if fuel oil were the
replacement fuel.

4. The long-run marginal trausportatios cost will vary according to the
capacity of the pipeline system, the distance gas is transported and the terrain
the pipeline must traverse. For example, the P$ANGAS analysts estimated that
pipeline costs per kloameter would be two to three times higher in the Amazon
region than in the South-last. Based on typical international costs for pipeline
construction, the estimated LRMC of transporting gas to markets in the North-
last, Bahia and South-last regions is in Table 1. It is difficult to estimate
the cost of transporting gas in the Amazon region. The infrastructure is VerY
limited and construction conditions are rigorous. As part of the PLJWOAS study,
the alternatives for transporting gas via pipeline, as CNG, or as liquefied
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natural gas (LNG), were revieWed in a preliminary way. However, a much more
detailed analysis would be required before either of these alternatives to a
conventional pipeline could be recoimended.

5. The distribution cost of natural gas in urban networks is a function
of the investment In facilities, the quantity of gas consumed and the system
operating costs, such as customer billing. CUE estimates a typical residential
consumer will use 19 m3/month, which is somewhat less than consumption in other
Latin Amrican countries with similar climates. As gas use grows in Brazil,
consumption per customer can be expected to increase. Assuming an investment
cost of US$ 250/customer and consumption of 1 mn/day, the economic cost of gas
distribution is estimated to be US$2.78/million BTU (see Table 1). The cost of
distributing gas to industrial consumers would be much less, because the
consumption per dollar investment is much higher than for residential consumers.
Based on the actual investment cost of an industrial network in the Paraiba
region, as estimated by CNE, the cost of distributing gas to large industrial
consumers is US$0.14/million BTU. The cost of distributing gas to smaller
industrial consumers, such as artisans, would be higher than for large industrial
users, say US$0.50/million BTU. These figures are also included in Table 1.

6. The economic cost of supplying gas to each class of end user includes
the AIC of production, the regional transportation cost, distribution costs and
the depletion allowance. Table 1 reveals that, in the North-East, where non-
associated reserves predominate, the AIC would be higher than in the South-East,
where essentially all of the reserves are associated gas. Transport distances
are longer in the North-East than the South-East, so transportation costs are
higher. The cost of distribution and the depletion allowance are considered to
be the same in all regions. The delivered cost of natural gas to large
industrial consumers ranges from USS1.34/million BTU in the South-East to
US$2.21/million BTU in the North-East. Similarly, the economic coat of gas to
residential consumers is US$3.98/million BTU in the South-East and
US$4.85/million BTU in the North-East.

N1BBCK VALUES

7. In 1987, Brazil was a net exporter of heavy fuel oil but in 1988
exports and imports were nearly in balance. If natural gas replaces heavy fuel
oil in the industrial sector, Brazil may once again become a net exporter, in
which case the opportunity value of natural gas should be calculated as the
export value, minus the cost of transportation from the refinery to the port and
port charges, plus the cost of transportation to the point of use. We calculate
here the opportunity value on the basis of the c.i.f cost of imports plus inland
transportation, which is valid for the situation where fuel oil is imported.
From Table IV.5, the estimated price of imported fuel oil was US$14.60/barrel,
to which we add the average transportation charge of US$4.23/barrel for bulk
supply. Thus the delivered cost of fuel oil for large industrial users would be
US$18.83 or US$3.09/million BTU. The cost of fuel oil delivered to smaller
industrial consumers would be higher, due partly to the higher costs of transport
and handling. Smaller industry is also less able to burn lower quality fuel oil
and will tend to consume distillate (kerosene) at a higher price. The netback
value of ga to maller industry is estimated based on a mixture of heavy fuel
oil and distillate. For the latter, the delivered cost from Table IV.5 is the
import cost (US$24.09/barrel) plus transport and distribution costs
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(US$4.93/barrel), i.,e., US$29.02/barrel. Assuming a mix of one-third heavy fuel
oil and two-thirds distillate, the average netback to smaller industry would be
about US$ 25.63 /barrel (or US$ 4.21/million BTU). The netback values for
natural gas are understated to the extent that they do not include a credit for
the lower cost of utilisation, higher efficiency and premium value of natural
gas.

8. Brzil is a net importer of LPG, so that the opportunity value of
natural ga which replaces LPG in the domestic sector is the c.i.f cost of
imports plus inland transportation, distribution and marketing costs. Table IV.5
estimates that cost at US$26.89/barrel, exclusive of taxes, or US$7.31/million
BTU. In relation to low-voltage electricity supply to the domestic market, based
on the data in Table III.6, the LRMC for residential customers is close to
US$100/MWh or US$ 29.30/million BTU. The very high netback in the residential
electricity market reflects the high capital cost in meeting a short-duration
load, esentially for cooking and lighting.

9. It is technically possible to use natural gas as a fuel in the
transportation sector, thereby replacing the highest value liquid fuels, gasoline
and diesel oil. Gasoline in exported but in recent years diesel oil imports and
exports have been nearly balanced. If large quantities of diesel oil are
replaced with CNG, Brazil may become a net exporter again. Therefore, the
opportunity value of natural gas when it replaces gasoline or diesel oil is the
f.o.b export price minus the cost of transportation to the port and port charges
plus the inland transportation, distribution and sales margin. Based on 1987
f.o.b export prices, the economic value of gasoline "at the pump" was
US$29.31/barrel and the value of diesel fuel was US$31.lr'/barrel, which
corresponds to the netback values of US$5.58 and US$5.34/million BTU. The cost
of transforming natural gas to a useful form, such as CNG, is quite high and
users must also pay a conversion cost to operate their vehicles on CHG. The two
principal components of the CNG cost, in addition to the economic cost of the gas
delivered to the CNG station site, are the cost of the fueling station and the
cost of compression energy. We estimate the cost of producing CNG, at an
operating load factor of 75%, to be US$2 .62/million BTU, not including the cost
of the gas.
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80ME SOCIAL CONSIDERATIONS IN GAS PRICING

1. In the case of natural gas, the costs to be recovered via the tariff
include thtee primary componentss

o the cost of gas supply, which is the bulk supply or city-gate cost;

o the cost of attaching a new customer to the network, which may
include a portion of the general network facilities, as well as the
facilities specific to that individual customer, although it will
not normally include the customer's cost to convert appliances or
equipment; and

o the cost of operating the network, metering the gas, preparing bills
and similar "customer-related" costs.

These costs could be billed to the residential customer as a single cost per unit
of gas consumed. Such volumetric or "commodity" tariffs have the virtue of
simplicity but the tariff is an average of the cost to all customers within the
class and if the tariff is subsidized, all consumers would benefit regardless of
their income level.

2. A more common method is to establish a two-part tariff, which
require the customer to pay a fixed monthly charge, to recover the fixed
customer-related costa, and a variable charge, to recover the cost of gas
supplied at the city gate. The connection charge would be amortized as part of
the fixed charge. The two-part tariff is relatively simple and easy to
administer. A typical residential consumer might use 19 re per month. The
subsistence needs of a lower-income consumer would be less than the average
consumption. Based on natural gas subsistence requirements of 12 m3 per month
and a LRMC of U8$4-5/million STU (see Annex IV.17), the average monthly cost
could be US$1.69-2.11. Adding in financial costs which the distribution company
is likely to wish to covtfr could cause the lower-income consumer's bill for
subsistence quantities of natural gas to exceed the desirable ratio of the
minimum wage, say 2-3%. Therefore, it appears that some type of "lifeline"
tariff would be desirable.

3. One of the principal drawbacks of "lifeline" tariffs is the manner
in which they are applied. In many instances, the subsidy is provided through
the tariff structure. That is, the cost of amortizing all investments, including
the customer connection costa, is included in the tariff. An increasing block
tariff is established in which the first block, the subsistence requirements, is
priced well below the financial cost. However, the first-block price is usually
available to all residential customers, so that the higher-income consumer is
also subsidized. This is exactly the situation in the electricity supply
subsector. In natural gas, it may be less appropriate, as it is essentially a new
and growing market, so that it will be necessary to build up and extend nor.-
marginally the distribution networks. To reflect the different burden of
distribution investment costa, an alternative is to require the customer to pay
a connection charge to cover, inter alLa, the cost of the service entrance, meter
and other customer-related facilities. The tariff then includes only the
operating costs and the cost of amortizing the common facilities such as city
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gate stations, feeder maine, etc. The fixed costs could be tilted" to
subsidis the lower-income custmers ana the connection charge could be
subeidised by a direct cash payment frm the government to the distribution
company. This system is much easier to control, because the qualifications of
lower-Lncome consumers can be confirmed when the gas meter is installed.
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INMRY CONEyalIQN maogmaM

1. The Brazilian authorities, through a number of different programs, have
pursued a variety of non-price approaches towards energy conservation, including
technical methods, legislation, education and promotion. In 1981, the Ministry
of Industry and Commerce launched an ambitious program promoting the
rationalization of energy use in industry. A special conservation fund
(CONSRV3) was established in BNDES to provide frse energy audits, as well as
conservation loans at subsidized interest rates to industry. CONSERVE was
principally a program to substitute petroleum products with electricity and
encourage the diffusion of the relevant technology, rather than a broad program
of energy conservation. Some progress was made but the program is now moribund.

2. CNP is managing a program for industrial energy conservation, which dates
from 1977. Nearly 2400 enterprises, consuming at least 500 tons of fuel oil per
year, have been included in a statistical survey. While CUP alleges that the
survey demonstrates the large potential for low-cost energy conservation measures
in these enterprises, the program is being handicapped by weaknesses in CNP' 
ability to handle the information requirements, in the form of a substantial
volume of data which has been collected since 1979.

3. The Program for Economizing Fuels (PCOO), created in 1980 within MIC, is
practically terminated after making some initial but limited impact. PEO0 was
aimed specifically at improving efficiency in automobiles powered by gasohol and
alcohol.

4. The Voluntary Program to Economize Diesel and Lubricants (PRODEL) has
-existed since 1985, but largely on paper. The Program set targets for the
reduction of diesel fuel consumption, increasing from a 13% reduction of the
total in 1986 to 30% in 1991, relying on a series of campaigns to promote, for
example, more efficient driving habits, better vehicle maintenance, appropriate
vehicle loading, correct selection of routes and schedules for service and the
use of energy-saving accessories. PRODEL was resuscitated by Presidential decree
in December 1988, with responsibility transferred to MHE. In its new form, a
working group was created in CNE, consisting of representatives of the Ministry
of Transport, the Association of Motor Vehicle Manufacturers (ANFAVEA), the
Assessoria Tecnica of CNE, BNDES, CNP, MIC, MKS and PETROBRAS. One of the goals
of the working group is to consolidate various initiatives which were underway,
including work financed under the Bank's Fourth Urban Transport Project. Loan
2822-BR included studies tot evaluate alternative policies for fuel conservation
in urban areas and develop appropriate guidelines for application by local
governments; and assess the scope for natural gas usage in urban transport, as
a substitute for diesel. These studies produced little result, due primarily to
the trouble experienced with EBTU, which resulted in the eventual cancellation
of the undisbursed portion of the loan.

5. The Program to Rationalize Energy (PROEK) was set up in 1986 in conjunction
with BNDES. The Program was to be applied across a broad spectrum of consuming
sectors to attempt to conserve energy through: more efficient utilization of
existing energy sources; wider application of non-conventional energy, especially
urban, agricultural and industrial waste; reduction of losses in energy supply
systems; and more widespread use of local energy materials. Until mid-1988, the
Program met very limited succese, taking into account its relatively easy
financing terms (6% interest with a 5-10 year repayment period), with only 10
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projects approved, for a value of about US$14 million. Consequently, an attempt
was made on June 15, 1989, to revamp the Program. Requests to handle small
projects -- with a value less than NCzS300 thousand, indexed monthly1 -_ can be
dealt with directly by State and regional development banks as well as certain
commercial and private banks. Acting as agents of BNDES, those banks have the
authority to approve loans under agreed criteria, thus creating in effect a more
flexible "window" (known as "PROEN Automatico"). The interest rate is 6.5% and
there is a 2% "handling" commission. The entrepreneur is given a six-ronth
implementation period for his project, a 12-morth grace period and a four-year
repayment period. Large projects would continue to be handled, as before,
directly by BNDES.

6. in December, 1985, through "Portaria Interministerial" No. 1877/85, the
Ministrieo of Mines and Energy and of Industry and Trade launched the National
Progranm for the Conservation of Electric Energy (PROCEL). ELETROBRAS has the
responsibility for the overall management of PROCEL, through its Coordinating
Group for the Conservation of Electric Energy (GCCE). The main objectives of the
Program are far-reaching and ambitious: to rationalize the use of electric
energy, so that the same product or service can be provided with less
consumption, eliminating losses and securing an overall reduction in costs and
in investment in new installations for the power sector. Such rationalization
will be achieved through a more balanced relationship between electricity
consumption and supply -- by enhancing efficiency in usage, on the one hand, and
improving the allocation of resources on the other. These objectives are to be
achieved through the implementation of adequate policies and legislation, the
availability of necessary financing and the provision of a suitable institutional
framework to develop the demand management and conservation programs. Although,
as we have seen, implementation of a tariff structure which would reflect more
appropriately the costs of supplying different consumer categories was initiated
long before the creation of PROCEL, the use of tariff structures to induce a more
rational use of electricity was incorporated as a formal objective of the
Program. However, item 5.3 of the "Portaria" significantly excludes mention u'e
ueing the tariff level (as opposed to the structure) to reflect costs and promote
effect ive energy conservation.

7. The wide-ranging goals of PROCEL (including a proposed World Bank loan now
under consideration, as a "special project") may be summarized under the
following headings:

o Load Management, via (i) the consolidation of LRMC-based
electricity tariffs and improvement of the average system power
factor (reduction of the reactive power component); and (ii) the
implementation of pilot programs for load management, through
centralized and decentralized teleconmanded load control schemes and
devices especially designed to restrict demand.

O Energy Efficiency, via a set of measures (including legislation and
rvles to establish norms, standards, codes etc., the formalization
of energy saving targets, the carrying out of demonstration
projects, studies and energy audits, the launching of publicity
campaigns and educational programs, and the dissemination of

The timit refers onty to iqprovements within the company itself. The purchase of damesticatty-
mnufactured equipment can be financed up to an aditional NCS300 million by FtNAE, a subsidiary of BNDES.
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information) which would lead to an improvement in the end-use of
electricity by residential, industrial and commercial consumers,
especially with regard to (i) electrical furnaces; ($4) public
sector and commercial buildings; and (iii) public lighting.

o Loss Reduction, via the installation of capacitor banks in
distribution networks belonging to different power utilities.

o Cogeneration, via the undertaking of studies on cogeneration, using
residual biomass fuels such as bagasse from the sugar and alcohol
production processes.

8. All of the above programs provide significant potential for savings in peak
capacity, energy or both. In aggregate, the Bank has estimated that the actions
included in PROCEL will result in electric energy savings of about 3,940 GWh per
year after 1992, equivalent to installing about 900 MW of additional generating
capacity, valued at about US$1.3 billion. BLETROBRAS has offered higher
projections, reaching a figure of 39,000 GWh by the year 2000, apparently
assuming that action is also taken on tariff levels.

9. Because of the inadequate support available in the past to implement the
polLcy reforms and measures incladed in PROCEL, as well as the financial
constraints imposed on the power sector as a result of the current macroeconomic
difficulties, which have restricted the availability of funds for electricity
conservation purposes, PROCEL has been implemented at a slower pace than
originally scheduled. At the same time, significant progress has been made on
demand management in the complementary area of electricity pricing and through
the implementation of basic low-cost conservation measures; and the Government
also has been pursuing a comprehensive distribution network rehabilitation and
loss reduction program, with the Bank's support, through Loans 2138-BR, 2364-BR
and 2565-BR. Based on the initial success of these actions, the Government and
the power sector are placing increased priority on demand management and
conservation programs to complement supply planning options.

10. Given this increased priority for energy conservation and the plethora of
programs in existence, CNE has proposed an umbrella Chamber of Energy
Conservation -- which wou'd include consumer representation -- to bring about
some degree of consistency and coordination. The Chamber would function under
the auspices of CNE and propose: national energy conservation goals; actions
which would result in a more rational production and use of energy; measures to
stimulate energy conservation; and minimum norms and standards of efficiency.
Under CNEs proposal, a Program of Conservation and Rationalization in the
Production and Use of Petroleum Products (CONPIT) would be created to complement
PROCES and subsume other programs such as PRODEL. Hence, the Chamber would
assume responsibility to coordinate all existing energy conservation programs,
notably CONPET and PROCEL, under the immediate management of ELETtOBRAS and
PETROBRAS respectively; carry out and promote studies of rational energy use; and
disseminate results.
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