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Introduction

The State of Minas Gerais comprises an area of 593,000 sg, km.,
representing 7 per cent of the Brazilian tefritory, being slightly
larger than France, The present population is estimated at 9 million
inhabitants mostly concentrated in the southwcenter region (see figure .

The State has 57 per cent of its area located above 600m and it is
drained by 13 hydrographic basins which descend to the Atlantic, the
largest being those of Sao Francisco (248,600 sq.km,), Grande-Parand
(145,500 sq. km.) and Doce (75,200 sq.km.). Minas' economical hydro-
electric potential is estimated in 10 million kW,

The State name defines its characteristics: it is really the
state of the general mines, The largest Brazilian reserves in iren
ore are concentrated in Minas {estimated in 25 billion tons) and
the State also possesses other valuable deposits such as aluminium, .
tin, zinc, manganese, gold, columbium, limestone, mica, graphite,
phosphates and uranium, However, there are no kanown deposlts of

fossile fuels and very few possibilities in this respect,

1. The electric power industry pfior to 1650

In 1940 Minas had a total installed capacity of 128,000 KW which
in 1950 had reached 200,000 kW, During this period the electrical
power industry main characteristic was the great number of small isolated
power plants serving scattered population centers and explored by hundrecds
of small utility companies, This situation resulted from the population
dispersion and the low index of formation of private capital, Minas
did not attract the large zmounts of United States and Canadian capixél
and the technical know-how, that came together, and resulted in the
large electrical systems of Sao Paulo and Rio de Janeiro,

The State intervention in the power industry became a necessity and
the several state adminisirations acied in this direction, constructing
first small hydro-electric plants such as Gafanhoto (13,000 kW) in 19:0
and later on in 1948, launching a more ambitious enterprise, the Salto

rande hydroelectric plant (100,000 kW),
/2, CEMIG:
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2. CEMIG: o State Government azeney in corporszhtion form

-

In 1951 the State administration saw clearly that only a concentrated
and organized effort could supnly the power neasded by the growing
industrialization movenent that followed the Second World War. It
decided t0 create a holding company - Centrais Elétricas de Minas Gerais
S.&, (CEMIG), - organized as & ccrporation, having preponderance of State
capital, but cpen to private participation, This corporation would
control several subsidiary companies operating in the several regicns.

CEMIG thus was able to centralize the government electrification
policy and provide the necessary technical and financial basis to
carry out the required expansion,

3. Financing of CRMIG

State laws issued in 1951/57 awarded CEMIG a quota of a special
state sales tax and also the reinvestment of the dividends to which the
State is entitled as a shareholder,

The Brazilian Federal Legislation permits a 10 per cent return on
total historical investment and CEMIG, since its foundation set a rate
volicy to achieve this return. As a result of this policy, the amount
resulting from the State dividends that have been reinvested, has proved
to be an important source of income and at the same time private
participation has been encouraged and has reached significant values,
However, under the present circumstauces in Brazil there is no market for
public utility shares or bonds and private participation in CEMIG comes
mainly from two sources: large industrial consumers and the population of
the towns and villages that need tc be served,

These capital resources have been complementasd by leng term loans
from the Mational Eeonomic Development Bank (ENIZ),

Regarding the foreign sourcss funds, necessary to buy equipment not
made in the country and to pay for services, expenses and fees of foreign
contractors and enginesring firms, the main source of funds have been ths
Export-Import Bank {EXIM), the Internaticnal Bank for Reconstruction and
Development (IBRD) and finencing from United States and Furopean manufacturers
of electrical power system equipment,

/be The
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Lo The initial plang 250,000 KW system in 10 years
T

The initial plan (1951-60), consisted in the construction of the
following hydro plants: (see fig, 1) Salto Grande (100,000 kW), Itutinga
(50,000 kW), Camargos (45,000 ki), Piau (18,000 kW), Cajuru (7,500 ki),
Trenqueiras (3,600 kW), which,together with the existing Gafanhoto
(13,000 kW) and other smaller plants will bring the total installed
capacity up to 250,000 kW by the end of 194C,

At the same time, 1,600 kn of transmission lines were built
(13.8 ¥V to 138 kV) with the respective substations forming an inter-
connected system in the central region and two isolated systems around
the region of Montes Claros and Governador Vzladares.

Distribution lines were also constructed and, although the main
scope of this system was to supply bulk power to industrial consumers
and other utilities, approximately A0 towns and villages have low
voltage distribution by CEMIG and by the end of 1960, approximately
80,000 consumers will be served.

Figure II indicates the evolution of the generation in the 1951—1960;/
period both fer the CEMIG system and for the State.

From the total CEMIG generation in 1959, 75 per cent were taken by
industrial consumers (mainly metalurgical}, 16 per cent by other utilities

and the remaining by residential, commercial and other classes.

52 Cost of the criginal plan

The 250.000 kW system cost Cr5.654 million plus US$H30,075,000,
Considering the present day value of the local currenc:y,-E the corrected
values should be Cr$8.450 million plus USH30,075,000 admitting no loss
of value in the dollar,

In tems of dellars the corrected values are:

Cost in local currency 47 ,0G3,000
Cost in foreign currency 20,075,000

Last quarter of 1940 is estimated.

The average exchange rate during the period 1951~1940 was Cr$l20
per dollar, Present value was taken at Cr§l80 per dollar,

/The resulting
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The resulting costs per W installed were:

Generation 210 68 %
Trancmission and distribution 100 32 %
310 100 %

The investment in generation is relatively high as compared with
the transmissicn and distribution, as a result of there being relatively
few large industrial consumers taking ths bulk of the power, and a
reiatively wmall number of residential consumers,

The source of funds can be seen in figare JII, from which two
points can be noticed at once: the preponderance of the State capital
in the local funds, reswiting from the proceeds of the above mentioned
sales; the important cortribution of Export-Import Bank and the
International Bank,

The foreign funds were used in the follewing proportions:

Percentage

Power plant 52,67
Transmission line 13.80
Substations 13,98
Distritmtion 2,13
Services and expenses 6,02
Construction equipment 9.80
Other equipment _ 1,60

100,00

It can be seen that the bulk of generating, transmission, sab-
station and construction eguipment was financed with foreign funds, the
national industry supplying mainly distribution equipment such as

transformers, cables, meters, lighting fixtures, elc,

/6. Evolution
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6. Evolution of the power market during 19511660

The conditions for a rapid development of basic industries that
existed in the State and were dormant due to the lack of electrical
power, came to life in 1955 when the first new plants were placed in
operation,

Electric steel reduction plants, ferro-alloy plants, aluminium plants
and cement mills took, from then on, half of the power produced. At the
same time, the local production in the country of refrigerators, radios,
TV sets and other appliances opened in the small cities and villages new
horizons for a better standard of living.

SEven with CiMIGYs generation growing from 150 million kih in 1955
to 1 billiecn in 1960, that is, almost 7 times in five years, the pressure
of the growing marke® never ceased Lo exist.

Requests from large new consumers with high connected loads such as
20,000 kW for an automobile factory, 20,000 kW for an electrolic zinc -
mill, 40,000 kW for a 500,000 tén/year steel mill and 150,000 kW for
three aluminium reducing plants, forced CEMIG to revaluaste the size and
the scope of the electrification plan and decide to design and build
hydroelectric plants, almost ten times the average size of the previous
ones, namely Furnas in the Rio Grande with 1,100,000 kW final capacity
and Tres Marfas on the Sac Franeisco river with 520,000 kW final capacity.

The cosl of these large plants baing above the possibilities of
CEMIG alone, associaticns with others were studied resulting in the
following arrangenentss
(a) Frroas |

4 separate corporation = Central Elétrica ds Furnas S.A, - was
incorporated to be controlled by the Federal Government and having as
main sharsholders the Sao Paulo Light, the State of Sao Paulo through
Cia. Hidroel&hrica do Rio Pardo and the State of Minas Gerais through
CEMIG, Central Elétrica de Furnas begsn the construction of the Furnas
develoment in 1958 and expects to place in operaticn the first stage
consisting of 4 x 137,000 ki units by 1963,

/Pover will
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Power will be supplied at 138 kV in the step-down substations that
will tie the Furnas B.H.V. grid to the systems of Sdo Paulo Light,
CHERP and CEMIG.

Half of the production of Furnas will be supplied in bulk to CEMIG
to be distributed in its system, The other half will be supplied to
Sao Paulo Light and CHERP,

(b) Tres Marias

An agreement was made with the Sao Francisco Valley Commission
(CVSF), a federal authority, by which this authority would buiid a
large multi-purpose dam {for navigation improvement and flcod conirol)
in the upper Sao Francisco and CEMIG would build a plant at the foot of
the dam. CEMIG was appointed general contractor for the entirs scheme
which was started in 1957. The first 4 x 65,000 kW urits are scheduled
for operation in the 1961--1963 period,

7« Evolution of the Brazilian manufacturing and
construction industiry during 1951-1960

Starting from production of cables, light bulbs; distribution
transformers and kih meters, this industry can by now supply almost the
entire range of equipment necessary for an average hydroelectric scheme,
say up to 20,000 kW, and meny of the cemponents for larger plants.

Aimost all types of hydraulic gates and valves can now be produced
locally, together with turbines, overhead cranes, pumps and other
mechanical eouipment.

1o thes dlediiivel rield, large waler-wnsel generators, transformers
up to 275 kV, switches and breakers up to %59 kV can also be producsd
with plans to reach higher wveltages soon,

Conductorg of ACSR type or high voltage isolated cables, porcellain
and glass insulators, transmission towers, hardware and fittings also
are under production lecally,

ther types of equipment used by the electric power industry, such
as venicles, construction plant, machine tools, etc,, are now almost
entirely supplied by Brazilian industry,

/This progress
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This progress in the manufacturing industry has been followed in the
engineering and construction fields, Large firms egquipped with
experienced personnel and adequate construction plant can today tackle
almest any type of construction and engineering problems in the electrical
power field. Some of these companies are purely Brazillan and others
are associations of local and foreign companies working as Brazilian
corporations,

On the other side, CEMIG itself developed an experienced group of
engineers capable of designing and building lines, substations, powerhouses
and dams and, if convenient, capable of constructing any of these items

directly.

8. Forecast for the period 1951=70

During the first five years (1961-65) (see figure II), it can be
forecasted, based on power market studies, that the growth will continue
at a rate of approximstely 24.5 per cent per year accumulative. The
required generation should grow from 1 billion kWh/year to 3 billion,
From there on, on the basis of 15 per cent per year accumulative the
required generation by 1970 should be over 6 billion kWh/year, correspond-
ing to an installed capacity of approximately 1,100,000 kW, It is
estimated that at this time, 90 per cent of the south-central zone of the
State will be supplied by CEMIG.

The generation in the 1961-65 period will be supplied almost
entirely by four units in Tres Mariaé and two in Furnas with a combined
capacity of 535,000 kW, All these units are now either being installed
or marufactured.

The generation for the 1965<70 period will be mostly supplied by
the duplication of the same plants,

9. Cnst of expanding the power system from 250,000 ki
Be 1,350,000 £

(a) (ensration and high voltage grid

(1) Tres Marias
The final cost of this plant including the dam, power plant with
g x 65,000 kW units, two 300 kV, 250 km lines step-down substation
/(300/138 kv),
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{300/138 xV), is estimated in US$ 38,200,000 plus Cr$ 11,200 millien,

On this basis, the cost per kW at the 138 kV bus of the step-down sub-
station would be approximately US$ 193/kWl. For purposes of this paper

it was assumed that two generators and two main transformer banks would be
manufactured in the country as well as all the materials and equipment for
the second 300 kV tranmission circuit,

(i1) Eyrees

The first stage of this piant, corresponding to the installation
of four units aggregating 550,000 kW is estimated, at present day costs,
in US} 58 million plus Crj 16,000 million., The final cost shculd be
US$ 63 million plus Cr$26,000 willion, assuming that the main trans-
former banks, the trensmission lire material and the substation transe
formers were to be manufactured in Brazil,

The resulting cost per kKW installed at the 158 kV gide of the
step-down substations would be US$ 207.

Taking half of the Furnas cost as the share allocated to the supply
of Minas Gerais State it will result in US$41,500,0C0 plus Cr§ 13,000
million,

It should be pointed out that neither the Tres Marias nor the
Furnes costs indicated above, are cests to CEMIG, since the Federal
Goverament is finzneing a large share of Furnas and Tres Marias,

The total cost of the generation znd extra high voltage grid will
be then USH 79,700,000 plus Cr$ 24,200 million the combined cost, at
vresent rate of exchange, being USH 212,700,000 or Cry 33,000 million.

(p} Sub-transmission and distribution

IMarket studies indicate that by 197C most of the towns and villages
located irn the south central region of Minas and some of the nerthern
region will be suprlied by the nsw system,

It iz foreseen that approximately 150,000 new consumers will be
suprlied throusgh existing utilities that wiil tuy bulk power from
CEMIG, and 350,000 will be served directly by CEMIG,

/The total
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The total cost of the sub-transmission system (133 kV, 69 k¥, 33 &V
and 13,8 k7), including substations and distribution networks, has been
estimated in US§ 67 million or Cr$ 12,000 million at the present rate,
This amount will represent almost entirely cruzeiros costs as the local
industry is, or wiil be soon, in a positicn of supplying the recuired
equipment and the engineering and construction will alse be decne by local
organigations,

Recuming, the addition of 1,100,000 kW plenned for 1960-1970 should

costs

Local currency US§ 200,000,000
Foreign currency 79,700,000
Total Us§ 279,700,002

or Cri50,000,000,000

The resulting cost per kW will be approximately US$ 263 indicating
the considerable economy that can be obtained with large plants when
compared with the small plants built in the last decade. The new system

will also have a higher density of transmission lines,

10, BSource of funds for the 1,100.000 kW expansion

Of the USH 79,700,000 required in foreign exchange to provide the .
expansion the major part is already asasursd,

In facht, the IBRD has grented a large loan for the Furnas construction
from which US$ 29 miliiocn have been alloceted in this tudy.é/

Regarding Tres Marias, contracts on the basis of 5 to 10 years re-
nayment bhave been made with the major equipment supplisrs in a teotal of
Us$ 31,600,000, It thus can be said that USE 62 millien has bezen
obtained leaving onity US§H 19,100,000 necessary Lo completa ithe
U35 79,700,000 required, On a ven year basis, this is an average of
eniy about 2 million dollars per year and presents no special financing

rroblems,

3/ The loan in a total of USE 73 million can be divided in USE58 million
for equimmenv and services, the remaining being finencial charges.

For the purposes of this paper US$ 29 million representing half of the

U3% 52 million and corresponding to the instzilation of 250,000 k¥

has been taken as the cost of the CEMIG expansion program,

/The real
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The rezl problem will not, therefore ke the forelign exchange parcel,
but the cruzeiro parcel estimated in 36,2 billion cruzeiros cr 200 millien
dollars, The required average investment will be 20 million dollars
vearly.

On the basis of tne presont conditions it comld be assumed thal
CAMIG will be able to raise approximately USE 65,000,000 over the next
10 years with prcceedings of the electrification tax and reinvestments
based on the maximum return permissible (10 per cent a.a).

On the other hand, Furnas, with resources of the Federal Electrifica-
ticn Fund, complemented by lcng term loans from the National Development
Bauk (BUDE) could raise approximately USH 60 million,

Taking in view the federal appropriations for Tres Marias with the
participation also of BNDZ, in 2 combined total of US$ 30 million there
still remains a halance to be raised on the order of US$ 45 million,

From this last amount, close to U3S§ 30 million reprezents costs of
fabrication of equipment prsviously imported and now preduced in the
country and of specialized engineering and construction personnel which
will from now on be provided extensively by local fimms,

This situation is the same in relation to the power expansion in
other regions of the country, Az any country going through the present
stage of developnent, Irazil will require for many years the zssistance

4

of ouvside firancing, However, as indicated atove, the country in the
last 10 years began tha productlon of equipment and goodz previously
produced akroad, For this rsason, the type of loan in foreign currency
thet will be required for the future expansion of the power industry
stoudd not bey, up to now, for Yexclusive use outside the countryi, The
nes Iforeign loans should have provision for using part of funds in
puirchases in the local industry.

Since a large number of manufacturers of power efuirment now

®

stebliched in Brazil are either sibsidiaries of laree United States
12

oy

ars Luoropemn firmg, or are asscclated to tbom in some way, it should be

/possible to



ST/ECLA/ CONF,7/%01436
Page 11

possible to study the possibility of manufacturing the components using

one part of the foreign loan to buy abroad, and the other part to buy

the components manufactured in the country, plus the assembly and testing.
This directive will be an important step in assisting the countryis

electric power expansion and a very logical one because Brazil is now,

as many other Latin-American nations, entering a new phase of its

development,

/SUMMARY
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SUMMARY,

The State of Minas Gerais {593,000 sd, km., 9 million inhabitants),
is very rich in minerals, but has had difficulities in developing its
electrical industry prior to 1950,

In 1951 a State Govermment controlled corpcration, Centrais Elétricas
de Minas Gerais S.4. = CEMIG, was organized to carry out the electrification
program. This corporation was financed with preceeds from a special sales
tax and complemented by foreign funds coming mainly from the Export-impors:
Bank and International Bank.

The initial electrification plan (1951~1962) consisted in the
construction of seven hydro plants with a combined capacity of 250,000 kW,
plus 1,400 km of transmission lines and several substations and
distrivution networks in 40 towns,

The cost of this system in today's basis was Cr$ 8,450 millicn plus
Usé 30,075,000 or a total of US$ 77,075,000 resuliing in a cost per k¥
of US$310 (generation, “ransmission and distribution}. The source of funds
can ba seen from figure III,

With the new stations there was a rapid industrial development,
mainly eiectric steel reduction, ferro-allioy, aluminium and cement,

The heavy demands forced CEMIG to revaluate the size and scove of the
electrification plan ard to decide building much larger stations, two of
which are now under construction:

{ontrollied by a separate corporation, Furnas S.4., this plant will
bave 1,100,000 KW firal capacity half of which 1will be suprlied in bulk
to CEMIG, The firgh urits are scheduled for 1953,

Tres Marias

Sonstructed in cooperaticn with the S3o Francisco Valley Commission,
thie midtl porpose dom (navigation, flcod contrel and pewer) will have
520,0C0 KW final capacity. The first units are schednlec for 1961,

Foy the past ten years the Braziiisn manufacturing and construciion
indvstry has experienced rapid growth, Starting with the profustion of
cables, light bulibs, small transformers and kith meters the manufacturing
industry can by now supply almost the entire range of equipment for a

hydro-electrical scheme,

/This has
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This has been fcllowed by a similar progress in the engineering amd
construction fields, Large firms equipped with experienced persornel
can now tackle almost any type of constructicn and engineering problems.

For the period 19¢1-70 an increase from 1 billion kWh/year to 3 billion
can be forecasted, By 1970 the required generation will be & billion
correspending to 1,180,000 ki, This gencration will be supvliied by four
units of Tres Marias end two of Furnas, with a combined capacity of
535,000 Ly,

The cost of the power expansion from 250,000 ki to 1,350,000 kW has
beun estimated, at teday's costs, in US§% 200 million for local currancy
plus US§ 79,705,000 for foreign ccsts in a total of USH 279,700,000, the
resulting cost per kW being USH 263 (including generation, tranmmission
and distributicn).

From the US% 79,700,200 required for foreign funds US% 60 million
have been secured through an International Bank loan and several supplier
loans, The reamaining US$ 15,100,000 in ten years represents only 2
million dollars per year and presents no gpecial problems, The real
probilen will be local currency required at a rate of USH 20 million per
year, Taking in view the existing funds, there remain still to be
raised USH 45 million from which 30 million represenis costs of
fabricaticon of previously imported ejuipment and now pioducsd in the
country.

As eny country going through the present stage of dsvelopment,
Brazil requirss assiztence from cutside financing. However, the country
has in the last ten years bemm the production of ecuipment and goods
provicusiy produced abroad.  Toerefore, the type of lean in foreign
gutrency reguired for the future should not be "for exclogive use
oubside the countryts The new foreign loans should have previsicn for
using vart of the funds in purchases in the local industry.

This directive will be an importent ctep in assicting the countryt's

powsr expansion pecsuse Brazil is entering a new stage of development,






