
Lawrence Berkeley National Laboratory
Recent Work

Title
DYNAMICS OF CHANGE IN OIL AND ENERGY USE IN FOUR LATIN AMERICAN COUNTRIES

Permalink
https://escholarship.org/uc/item/9661h7j0

Author
Ghirardi, A.

Publication Date
1986-12-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/9661h7j0
https://escholarship.org
http://www.cdlib.org/


1 
'. ,r 

U(2-13 
LBL-22788 

I1tI Lawrence Berkeley Laboratory 
~ UNIVERSITY OF CALIFORNIA 

APPLI ED SCI ENCE 
DIVISION 

Dynamics of Change in Oil and Energy Use 
in Four Latin American Countries 

A. Ghirardi 

December 1986 

liEGEIVEL
LA\NRENCE 

I?::O;-:r.:! r:y Lt P,()".:/ll,TORY 

AP~~ 2 ? 1988 

L!8RARY AND 
S:::CUMENTS SECT!O~J 

For Reference 

Not to be taken from this room 

APPLIED SCIENCE 
DIVISION 

Prepared for the U.S. Department of Energy under Contract DE-AC03-76SF00098 

('. \ 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain COlTect information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



.. 

• 

,'" 

LBL-22i88 

Dynamics of Change in Oil and Energy Use in Four 
Latin American Countries 

Andre Ghirardi 
International Energy Studies 

Lawrence Berkeley Laboratory 
University of California 

Berkeley, California g4720 

December 1986 

This work was supported in part by the Office or Policy, Planning and Analysis, the Assistant Secretary ror International 
Affairs and Energy Emergencies, Office or International Energy Analysis, the Assistant Secretary for Fossil Energy, Office 
of Planning and Environment, of the U.S. Department or Energy under Contract No. DE-AC03-76SFOOO98; and in part 
by grants from British Petroleum Company, Chevron, Conoco Inc., Exxon, Shell Oil Co., Shell International Petroleum 
Co., and Statoil. 



Dynamics of Change in Oil and Energy Use in Four 
Latin American Countries 

1 Introduction 

Andre Ghirardi 
International Energy Studiea 

Lawrence Berkeley Laboratory 
Univeraity of California 

Berkeley, California 94720 

This report describes changes in energy demand in the 1970-84 period and the causes 

for those changes for the four largest Latin-American countries: Argentina, Brazil, Mex

ico, and Venezuela. Together these countries account for around three-fourths of total 

energy use in Latin America. Latin American energy use accounts for over 10 percent of 

the world's total, 40 percent of the LDC total, and has grown at an average yearly rate of 
** 4.8 percent since 1973. 

The analysis is based on energy and economic data prepared for the Developing 

Country Data Series developed by the International Energy Studies Group of Lawrence 

Berkeley Laboratory (IES-LBL). The data were obtained from local sources during visits 

to government offices, academic research institutions, and from the private sector. 

We first discuss aggregate trends in energy demand in the 1970-84 period. We then 

look separately at the four major sectors: industry, transportation, 

residential/commercial, and power generation. In these sections we focus on change in 

energy and oil intensity and the structural causes for those changes. 

1.1 The Economic Setting 

The Latin-American economy grew at an average rate of 5.1% per year from 1970 

until 1980, when a period of severe econom,ic recession and financial instability began. In 

1982 and 1983 there were successive declines in GOP. For the oil importers (Brazil and 

Argentina), the difficulties were triggered by a combination of the oil price increase of 

1978-79 and the increase in the interest payments on their external debt. The oil export

ers managed initially to meet the higher debt service payments with their petroleum 

.. Throughout this report the term -energy- rerers to commercial energy (orms, i.e., not including biomass. 
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revenues,but that changed in 1982 when an international financial crisis (marked by sub

stantial cuts in funds available for renegotiation of debt service) and declining oil demand 

resulted in the most severe recession in 40 years. Economic' conditions have improved 

since 1984, benefiting from lower interest rates, a decline in the value of the US dollar, 

lower petroleum-import bills, and growing exports. Argentina and Brazil had their 

economies invigorated by the return of civilian rule, and the implementation of policies to 

curb inflation and favor investment. On the other hand, Mexico and Venezuela risk to 

have their economic problems further aggravated by the collapse of oil prices in late 1985 

and early 1986. 

2 Aggregate Energy Demand 

Primary commercial energy demand in the four countries grew at an average of 6.4 

percent per year from 1970 to 1984. The strongest growth occurred from 1970 to 1981, 

at an average 7.4 percent, bringing total demand to 289 million TOE. In the following 

years, as a consequence of the higher energy prices and adverse economic conditions, 

growth slowed down to an average annual rate of 2.5 percent, so that in 1984 total 

demand was 309 million TOE. 

The strongly increasing trend in oil demand observed throughout the 19705 was 

reversed in the early 19805. In 1980, total petroleum demand was 155 million TOE, 

corresponding to a growth rate of 7 percent since 1970. After a relatively small growth to 

161 million TOE in 1981, demand for petroleum declined for two successive years, and 

was at 152 million TOE in 1983. In 1984, under more favorable economic conditions, oil 

demand increased 2.6 percent, reaching 156 million TOE. 

The contraction of oil use was compensated by vigorous growth in the demand for 

hydroelectric power and natural gas, which increased at average annual rates of 9.6 and 

7.4 percent from 1970 to 1983, respectively. Use of coal also increased significantly, at 

6.2 percent, but it still accounts for a small share of demand (3 percent). 

The energy markets in Brazil and Mexico are the main determinants of demand in 

the region, since together they account for 73 percent of total commercial energy use of 

the four countries (Table 1). Argentina and Venezuela account for 13 percent and 14 per

cent, respectively. In the period 197~79, total energy demand in Brazil was the fastest 

growing, increasing at an average of 9.9 percent, followed by Mexico with 8.9 percent, 

Venezuela with 5.7 percent,and Argentina with 4 percent. In the 1979-84 period energy 

demand grew fastest in Mexico at 5.5 percent, followed by Venezuela at 3.7 percent, Bra

zil at 3.6 percent, and Argentina at 0.6 percent. 

-3-
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Table 1 
Country Shares of Primary Energy Demand 

(j D percen t) 

1970 1984 AAGR 

Brazil 31 37 7.6 
Mexico 31 36 7.4 
Argentina 22 13 2.6 
VenezlIela. ]6 H 55 

Average energy demand per capita for the four countries rose gradually in the 

1970s and then levelled off at about 1.2 TOE between 1980 and 1984 (Figure 1). Growth 

has been highest in Mexico and next highest in Venezuela. Mexico experienced a period of 

accelerated increase in its energy use per capita from 1978 to 1982, following the 

discovery of substantial offshore petroleum reserves. There was considerable growth in 

Brazil in the 1970s, though it remained unchanged after 1979, reflecting conservation 

measures adopted during that period. Energy demand per capita demand in Argentina 

has remained at about the same level since 1970. 

Venezuela, having a tradition of abundant oil supplies and low domestic prices, con

sumes far more on a per capita basis than the other three countries. In 1970, Venezuelan 

energy use per capita was 2.0 TOE, while that of Argentina, the next highest value, was 

1.2 TOE. That difference was even more striking by 1980, when energy per capita in 

Venezuela, at 3.0 TOE, was more than double that of the second highest, Mexico, at 1.4 

TOE. By 1984 Venezuela had reduced its energy use per capita but was still the highest 

at 2.6 TOE, followed by Mexico with 1.5 TOE, Argentina with 1.3 TOE, and Brazil with 

0.9 TOE. 

The patterns in oil use per capita varied according to the availability of petroleum 

reserves of each country. After a continuous increase throughout the 1970s, there was a 

pronounced decline in oil use per capita in Argentina and Brazil, and small increases in 

Mexico and Venezuela. By 1983, Argentina and Brazil had lowered oil 0.9 and 0.5 TOE 

in 1979, respectively. In Venezuela, oil use per capita remained stable between 1.3 and 

·1.4 TOE in the period 1980-83, somewhat higher than the 1.1 TOE observed in 1979. In 

Mexico, oil use per capita was stable at about 0.8 TOE in the period 1980-84, compared 

to 0.7 in 1979. 
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2.1 Structure of Demand 

During the period 1970-84 there were significant changes in the mIx of primary 

energy sources in the four countries. The share of petroleum declined from 60 to 49 per

cent of primary energy use from 1970 to 1984. Hydropower registered the largest 

increase*, from 14 to 22 percent of primary supply (Table 2). 

Table 2 
Shares of Primary Sources 

On percent) 

1970 1979 1984 

Petroleum 60 57 49 
Natural Gas 23 22 25 
Hydropower 14 18 22 
Coal 3 3 4 

Tota.l (MTOE) 128 251 309 

The sectoral distribution of energy demand (Table 3) remained relatively stable in 

the 1970-84 period, except for a slight decline in the industrial share, which appears to be 

more a consequence of economic recession and slack industrial activity than the result of 

lasting changes in the patterns of demand. With renewed economic growth, the i'ndustrial 

sector should recover its lost share of total energy demand. 

Table 3 
Sectoral Shares of Final Energy Demand 

On percent) 

1970 1979 1984 

Industry 43 44 43 
Transportation 38 38 40 
Res/Commercial 14 13 16 

* Tota.l (MTOE) 93 ]11 ]80 

* Excludes Non-Energy Use 

• Hydroelectric generation is counted at its primary equivalent or 0.29 TOE/MWh. 
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3 Industry 

Industrial energy use In Latin America increased at an average rate of 4.6 percent 

from 1970 to 1984. During that period, industrial energy demand evolved according to 

two distinct patterns, reflecting the activity of the regional economy. First, a period of 

intense growth, averaging 7.1 percent per year, from 1970 to 1980. That was followed by 

a period of stagnation and negative growth, causing industrial energy demand to decline 

at an average yearly rate of 1.9 percent from 1980 to 1984. 

In Argentina, Brazil, and Venezuela, the industrial sector was one of the primary tar

gets for petroleum substitution following the oil price increase of the late 1970s. Substi

tution was generally based on use of natural gas, coal, and electricity to replace 

- petroleum fuels. After reaching a peak value of 24.2 MTOE in 1978, industrial demand 

for fuel oil declined to about 17 MTOE both in 1983 and 1984, giving way to higher use of 

non-petroleum fuels (Table 4). 

Table 4 
Shares of Fuel Use in Industry 

fin percent} 

1978 1984 

Petroleum Products 42 27 
Natural Gas 37 42 
Electricity 12 18 
Coal & Coke 8 11 
Other 1 2 

Total Demand (MTOE) 71.6 76.7 

3.1 Energy Intensities 

After the oil price increase of the 1970s, the general trend observed in Latin

American industry was one of sharply declining oil intensity, and slightly increasing 
* energy intensity (Figure 2). While oil intensity was reduced by 36 percent between 1978 

and 1984, energy intensity increased by 11 percent . 
• Energy intensity defined as the ratio or energy use to the sectoral value added. Valued added ror each country has been 
converted to constant USS, base 19SO. The conversions were made rrom values expressed in constant local currencies, 
deflated according to the local price indices. 
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Following a steady increase in the first half of the decade, oil use per unit of value 

added declined after the mid-1970s (Table 5). Even after a small increase in 1984, oil 

intensity for the four countries was still 11 percent lower than in 1970. The changes in 

petroleum intensity from 1978 to 1984 took place in Brazil, Argentina, and Mexico, who 

achieved reductions of 85, 22, and 22 percent respectively. In Argentina and Mexico that 

was done by stepping up use of the ample domestic supplies of natural gas in substitution 

for fuel oil in the cement and steel industries. In Brazil, where natural gas reserves are 

yet to be developed, substitution was achieved through a combination of mandatory 

switch from fuel oil to coal and the sale of excess electricity for use in boilers at one-third 

of its regular price. As a result, many important branches of the Brazilian industry 

reduced their oil intensity by a factor of nearly three. In Venezuela, oil intensity in 1978 

was nearly the same as in 1984, after peaking in 1981. 

Table 5 
Industrial Petroleum Intensity 

(TOE per US! of Outputl 

1970 1978 1984 

Argentina 99 82 67 
Brazil 182 243 131 
Mexico 152 190 156 
Venezuela 122 160 157 

~eJ:airie ]38 ]16 ]29 

In contrast to petroleum intensity, energy intensity in Latin-American industry 

increased, especially after the mid-1970s. The main cause for that was the continued 

expansion of highly energy-intensive industrial branches such as steel, cement, aluminum, 

and chemicals. These activities have gradually increased their share in the industrial out

put of the region since the mid-1960s, and should continue to do so, bringing further 

increases to sectoral energy intensity. 

Although there were improvements of the overall energy efficiency of some industrial. 

activities, they could n~t match the fast substitution of petroleum products, so that the 

efficiency of some of the most energy-intensive industrial activities in Latin America 

remained virtually unchanged between 1978 and 1983 (Table 6). 
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Table 6 
Energy Intensity or 

Steel and Cement Industries 
fin GJleanne} 

Steel 
1978 1989 

Cement 
1978 1989 

• Argentina 27 31 6 6 
Brazil 32 32 7 6 
Venezuela 31 26 

• Estimate 

Argentina, Brazil and Mexico had nearly constant industrial energy intensity 

throughout the period 197~84. Due to the expansion of energy-intensive activites, espe

cially steel, aluminum, paper, and textiles, Venezuelan industry nearly doubled its energy 

intensity from 1970 to 1981, but remained stable in the period 1981-84. 

Electricity intensity has increased markedly since 1970. This trend is especially 

pronounced in Brazil, where the share of electricity in total industrial energy use climbed 

from 33 to 48 percent between 1974 and 1984 as a consequence of a program that pro

moted hydroelectricity. at subsidized rates for the substitution of fuel oil as boiler fuel. 

3.2 Structural Changes 

There are two distinct patterns in the structural evolution of Latin-American indus

try. The long-term trend (over the last 25 years) reflects the growing industrialization of 

the region, with the corresponding increase in the share of the basic and more energy

intensive industries: metals, cement, paper and pulp, and chemicals. 

The short term trend reflects the economic instability of the last 5 years. Economic 

stagnation affected energy use in industry more than in any other sector. For example, 

the share of metallurgy in industrial GOP went from 14.5 to 13.9 percent between 1979 

and 1982; the share of that activity in Argentina went from 7.8 to,6.5 percent between 

1978 and 1983. Although the percentage changes are small, their effect on total energy 

use can be substantial because of the transfer of output from high energy-intensity activi

ties to low-intensity ones. There are differences of one or two orders of magnitude 

between the most and least energy-intensive activities. 
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The influence of structural variations was noticeable in Argentina and Brazil. The 

output of some of the oil-intensive activities declined more than the average for th'e whole 

sector, thus reducing overall industrial oil use. In Argentina, cement production declined 

more than 22 percent between 1980 and 1983, while the aggregate activity for the indus

trial sector declined 9 percent. 1 In Brazil, steel production declined 15 percent between 

1980 and 1982, while the aggregate industrial activity declined 8 percent.2 These 

differences are quite significant, considering that cement production accounts for nearly 

10 percent of industrial energy use in Argentina, and steel production accounts for about 

25 percent of energy use in Brazilian ind ustry. 

The importance of the short-term structural component of petroleum use stems from 

its reversibility. That is, the reduction in petroleum use that is due exclusively to lower 

subsectoral activity will disappear with renewed economic growth. In fact, the growth of 

Latin-American GOP in 1984 was accompanied by a slight increase in industrial 

petroleum intensity for the region, and further increases can be expected, as declining oil 

prices erode the economic advantages of conservation and substitution programs. 

3.3 Outlook (or Industrial Energy Demand 

Until the recession period of 1981-83, industrial energy demand for the aggregate of 

the four countries studied had experienced uninterrupted growth since 1970. That was 

followed by a series of market adjustments to the oil price increases of 1978-79 and ensu

ing financial and economic crises. At this time, most all responses of the industrial energy 

market to the oil price increases of the 1970s have already taken place, and a new wave of 

ajustments is just starting, triggered by sharply declining crude oil prices. 

The newly emerging patterns of industrial energy demand will be determined by the 

level of sectoral activity and the industrial energy intensities. The level of industrial 

activity in the region showed some signs of recovery in 1985 and 1986. Brazil, Mexico, 

and Venezuela all experienced increases in the value added of the manufacturing sector 

from 1984 to 1985. The Argentinian economy, though still hampered by problems with 

its external debt, has responded positively to the newly-implemented economic reform, 

and a small level of growth of industrial production can be expected in the next two to 

three years. 

The energy intensities will be affected by crude oil prices, and by the reversibility of 

the oil-substitution measures adopted after 1978. A period of sustained low oil prices will 

lead to an increase in industrial oil intensity by causing the reduction or elimination of 

the subsidies to coal and electricity in Brazilian industry, which were responsible for a 
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sizeable part of the reduction in petroleum demand in the region, and by reducing the 

economic motivation for further investments in natural gas pipelines in Argentina and 

Venezuela. In Brazil, an upturn of industrial oil intensity after 1986 is almost inevitable, 

due to the expiration of price subsidies for the use of electricity as boiler fuel. Neverthe

less, even considering the possibility of an upturn in industrial oil demand, oil intensity 

should stay below the high levels reached in the mid-1970s, as many of the substitution 

measures adopted (especially those based on domestic natural gas) are not reversible, and 

because much of the natural gas resources developed since the mid-1970s remain available 

to industry at competitive prices. 

" Transportation 

Energy use in transportation for the 4 countries grew at an average annual rate of 

5.3% between 1970 and 1984. In transportation, as in the industrial sector, growth of 

demand was strong and continuous from 1970 to 1978, and stagnated in the following 

years (Table 7). 

Table 7 
Energy Use in Transportation 

fin MTOEI 

1970 1978 AAOR 198-1 AAOR 

Argentina 8.3 10.7 3.2% 11.8 1.6% 
Brazil 12.8 25.4 8.6% 24.7 -0.5% 
Mexico 9.9 18.5 7.9% 25.2 5.2% 
Venezuela 3.9 8.9 10.3% 9.9 1.8% 

Total 34.8 62.0 7.2% 71.7 2.4% 

Although fluctuations in the economic conditions did affect transportation, especially 

freight, energy demand in the sector was largely determined by fuel prices. After 1978, 

prices in Brazil and Argentina were increased immediately to reflect the changes in the 

world oil market, while in Mexico and Venezuela the prices of gasoline and dieser were 

raised only after 1980. Despite a nearly three-fold increase in gasoline prices after 1980, 

gasoline prices in Venezuela still remain well below world market levels, and much lower 

than those in any of the other countries studied (Table 8). 

-12-
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Table 8 
Gasoline and Diesel Prices 

. (US$/GJI 

1978 

Reg.Gasoline Diesel GsljDsl 

Argentina 6.9 6.8 1.0 
Brazil 8.4 4.8 1.7 
Mexico 5.5 1.1 5.0 
Venezuela 1.2 0.7 1.6 

1989 

Argentina 12.4 6.9 1.8 
Brazil 13.5 7.8 1.7 
Mexico 7.5. 3.8 2.0 
Venezuela 3.0 

• Estjmate 

4.1 Sectoral Structure 

Fuel demand in transportation reflected the strong growth of the vehicle fleet, which 

expanded at an average rate of 9.6 percent (four times the population growth). 

The number of automobiles per person has grown steadily in all four countries (Fig

ure 3). Ownership ranges from 117 per 1000 in Argentina to about 66 in Brazil. The 

recent economic recession has slowed down but not stopped the growth in the number of 

cars per capita. In Argentina, the purchase of automobiles has been used as shelter 

against three-digit that prevailed until recently. In light of the explosive growth of popu

lation in urban centers, and the near complete reliance on roads for both passenger and 

freight transport, there is no indication that the automobile market is approaching 

saturation in any of the countries studied. 

The composition of the automobile Beet in each country has evolved in accordance 

with resource availability. In Brazil, the high dependence on imported petroleum has led 

to the production of smaller and more efficient units. In Venezuela, by contrast, the 

widespread perception of resource abundance is reBected in the large number of 8-cylinder 

autos, which make up nearly halfof the country's car Beet. Accordingly, the average use 

of gasoline per car in Brazil is around 1500 liters per year, whereas in Mexico it is about 

3000, and in Venezuela it approaches 4000 liters per year (see Fuel Intensity). 

-13-
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Important structural changes in the form of fuel substitution took place in Argentina 

and Brazil, reducing the demand for gasoline in favor of other fuels. Pricing policies 

adopted after 1973 in Argentina and Brazil favored the conversion to diesel engines of 

medium-sized trucks, which had traditionally run on gasoline. Today, the demand for 

transportation fuels is nearly evenly divided between diesel and gasoline in Argenti.na and 

Brazil, while in Venezuela and Mexico gasoline accounts for 80 and 60 percent of tran

sportation energy use, respectively (Table 9). 

Table 9 
Shares or Gasoline and Diesel 

in Transportation Energy Demand 
(in percent) 

Argentina 
Brazil 

1973 1984 

Ga8 DieBel Gas DieBel 

53 
57 

41 
33 

46 
23 

50 
47 

In Brazil, the sharp decline in the share of gasoline is also due to the continued expan

sion of the Alcohol Program. In 1984, alcohol fuels accounted for 17 percent of energy 

use in transportation in Brazil, compared to less than one percent at the end of 1976. All 

the gasoline sold in Brazil is a blend containing 20 percent ethanol by volume. Today, 

near all automobiles sold in Brazil are equipped to run on pure ethanol, and the ethanol

powered fleet is in excess of 1 million vehicles, corresponding to more than 10 percent of 

the total fleet. 3 

4.2 Fuel Intensity 

Consumption of gasoline plus diesel per motor vehicle in Latin America felt the 

impact of conservation and substitution measures and fell from 4.4 to about 2.1 TOE 

from 1970 to 1984 (Table 10). The largest decline in intensity took place in Brazil, where 

substitution of ethanol played a major role. The smallest was in Venezuela, where the low 

fuel prices provided little incentive for higher efficiency. 
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Tfble 10 
Fuel Intensity in Transportation 

(TQE per Vehicle) 

1970 1978 

Argentina 3.4 2.5 
Brazil 4.4 2.3 
Mexico 4.8 3.4 
Venezuela 6.1 6.8 

Aven,ie ~~ 29 

* (Gasoline + Diesel)fVehicie 

1984 

2.1 
1.2 
3.0 
5.2 

2 1 

The overall fuel efficiency was improved by the dieselization of the truck fleet in Bra

zil and Argentina, and by the rapid growth of the vehicle fleet, with new and more 

efficient cars and trucks replacing older units. Although there is a generally decreasing 

trend in fuel intensity in all four countries studied, it is clear that the oil-exporting coun

tries, Mexico and Venezuela, have had less stringent pricing policies and are, therefore, 

lagging behind in the improvement of fleet fuel efficiency. 

4.3 Outlook tor the Transportation Sector 

The outlook of demand for fuels in the transportation sector will be determined by 

the growth of the vehicle fleet and the average fuel intensity. 

The concentration of population in large urban centers, and the nearly total reliance 

on roads for passenger and freight transport, favor the continued growth of the vehicle 

fleet in Latin America, much like during the 19705. The average growth rates of vehicle 

fleet from 1970 to 1984 vary from 7 to 12 percent per year, even allowing for the recent 

recession which slowed down (or temporarily halted) the expansion of the vehicle fleet in 

the four countries. 

Fuel intensity in the four-country aggregate will be determined by pricing policies 

and by the future of the alcohol program in Brazil. Significant improvements in fuel 

efficiency could still be attained in Mexico and Venezuela if the recent increases in fuel 

prices are maintained. In Brazil, on the other hand, the trend of sharply declining gaso

line use could be reversed. As crude oil prices fall, and the number of alcohol-fueled vehi

cles increase, the subsidies to alcohol producers become more substantial and less econom

ical. The declining tax revenues from gasoline sales, and the increasing surpluses of that 

fuel will, in all likelihood, require at least a reduction in the subsidies to alcohol 
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production and use, and the establishment of a pricing policy that will allow a more bal

anced distribution of demand between alcohol fuels and gasoline4 This will bring incre3Se 

in the petroleum intensity of transportation in Brazil. 

5 Residential/Commercial 

The residential/commercial sector was the only one to sustain continuous growth of 

energy demand through the entire 1970-1984 period, due to its structural characteristics 

(see Sectoral Structure). Average growth rate in total energy demand in the sector for 

the four countries was 6.1 percent for the period 1970-84. Growth of demand continued 

even during the recessionary years 1978-84, averaging 5.5 percent in that period, while 

demand was slack both in the industrial and transportation sectors (Table 11). 

Table 11 
Energy Demand in the Residential/Commercial Sector 

(inMTOE) 

1970 1978 AAGR 1984 AAGR 

Argentina 3.3 4.8 4.7% 6.9 6.0% 
Brazil 3.6 6.8 7.9% 9.9 6.3% 
Mexico 3.5 6.4 7.5% 8.7 5.1% 
Venezuela 1.9 3.1 6.1% 3.8 3.4% 

Aggregate 12.4 20.9 6.5% 29.1 5.5% 

The sectoral demand for petroleum products also increased steadily, although at 

lower rates than energy demand due to fuel substitution (Table 12). While demand for 

LPG increased at an average rate of 8 percent for the period 1970-84, the use of kerosene 

continued its gradual decline, as it was replaced by electricity and LPG for lighting and 

cooking. In 1970, demand for kerosene and LPG was about the same in the four country 

aggregate; by 1984, LPG demand was five times that of kerosene. 
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Table 12 
Petroleum Demand in the Residential/Commercial Sector 

(in MTOE) 

1970 1978 AAGR 1984 AAGR 

Argentina 1.7 1.7 0% 1.7 0% 
Brazil 2.0 3.3 6.3% 4.3 4.4% 
Mexico 2.5 4.3 6.8% 5.9 5.3% 
Venezuela 0.6 0.9 4.5% 1.0 1.8% 

Aggregate 6.7 10.3 5.4% 13.1 4.0% 

Unlike the transportation and industrial sectors, there was no price-induced conserva

tion of petroleum products in the residential sector. The price of LPG was reduced by 

half in Mexico and by 44 percent in Brazil from 1978 to 1983. Throughout the region, 

pricing of LPG has traditionally been set to keep that fuel accessible to low-income house

holds, especially those in urban areas who, if priced out of LPG use, would have little 

access to alternative cooking fuels. 

The continued concentration of population in urban centers and nsmg incomes 

caused significant changes in the composition of energy demand of the residential sector. 

The use of electricity and natural gas became more widespread. From 1970 to 1984, the 

share of kerosene in residential energy demand fell from 25 to around 7 percent.· 

Table 13 
Fuel Shares in the Residential/Commercial Sector 

fin percent) 

1970 1978 1984 

Electricity 24 30 33 
Natural Gas 16 17 20 
LPG 28 31 36 
Kerosene 25 15 7 
Other 7 7 4 

100 100 100 
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Increased electrification was evident in all countries, due largely to the extension of 

transmission and distribution systems. LPG use increased mostly in Brazil and Mexico 

which, together account for 82 percent of LPG demand in the four countries. The share 

of natural gas also increased significantly due to the continued use of that fuel in Argen

tina (mostly in the Buenos Aires area) and to its increased availability to residential users 

in Venezuela. Argentina accounts for 69 percent of residential/commercial natural gas 

use in the four countries. Adding Venezuela, the two countries account for 85 percent of 

natural gas demand in the sector. 

S.l Fuel Intensity 

The residential/commercial sector is the only one where energy use per capita 

increased in all countries from 1970 to 1984 (Table 14). The highest growth rate was 5 

percent, observed in Brazil, while in the other countries, energy use per capita increased 

at similar growth rates: 3.3% for Argentina, 3.7% for Mexico, and 3.2% for Venezuela. 

Due to pricing policies that protected residential users from the oil price increases of the 

19705, the growth of energy intensity of the sector was not disrupted after 1978. The 

lowest energy use per capita is that of Brazil, who also has the lowest GOP per capita .. 

among the countries surveyed. The highest are in Venezuela and Argentina, both of 

which have high GOP per capita, and have made their ample natural gas resources avail

able to residential users. 

Table 14 
Energy Intensity in the Residential/Commercial Sector 

fin TOE/lOOO persons) 

1970 1978 1984 

Argentina 140 177 226 
Brazil 39 59 75 
Mexico 74 101 117 
Venezuela 180 234 242 

Aggregate 71 96 116 

The countries surveyed were divided into two distinct groups in terms of oil use per 

capita, which increased significantly in Brazil and Mexico between 1970 and 1984, 

declined continuously in Argentina, and declined in Venezuela from 1978 to 1984 after a 

period of steady growth during most of the 19705 (Table 15). 
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Table 15 
Oil Intensity in the Residential/Commercial Sector 

fin TOEIZ 000 persons I 

1970 1978 1984 

Argentina 70 64 57 
Brazil 22 29 33 
Mexico 52 69 80 
Venezuela 58 69 67 

Aggregate 71 96 116 

The lowest oil intensity was that of Brazil, who is the only net oil importer in the 

group of four countries. Accordingly, the oil intensity of Brazilian households is about 

half that of the other countries studied. 

The declining oil intensities in Argentina and Venezuela are due mostly to the 

increased use of natural gas for cooking for commercial and residential purposes. While 

the use of natural gas in the residential sector in Argentina has been established for many 

years, in Venezuela it is a more recent phenomenon, which accounts ~or the increasing oil 

intensity of Venezuelan households until the late 19705. 

Use of natural gas for cooking is still quite limited in Brazil and Mexico, who have 

only recently begun to develop their natural gas resources. Consequently, those two 

countries have relied mostly on LPG to satisfy the growing demand for cooking fuels, 

although to different extents. While in Mexico, an oil-rich country, LPG retails for 

$1.60/GJ, in Brazil that fuel retails for $7.50/GJ. That, combined with the higher 

income per capita in Mexico, causes residential demand for LPG to be nearly one-and-a

half times that of Brazil, even though Brazil has nearly twice the population of Mexico. 

Residential/commercial electricity use per capita for the four countries more than 

doubled from 1970 to 1984, going from 164 to 385 kWh/capita, which corresponds to an 

average growth rate of 6.1 percent. The most important factors contributing to this 

accelerated growth are the increasing numbers of subscribers connected to electricity sup

ply, the high rate of penetration of electrical appliances throughout the last decade, and 

the increasing number of commercial buildings with large lighting and cooling loads. 
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5.2 Sectoral Structure 

Residential/commercial energy demand differs from that of other sectors in that it is 

more influenced by population growth and urbanization than by economic fluctuations. 

While energy use in the industrial sector has undergone both periods of accelerated 

growth and nearly total stagnation, energy use growth in the residential sector has been 

in the range of 3 to 5 percent, regardless of economic conditions. 

Increase in residential/commercial energy intensity is driven largely by the growth in 

the urban population and its income. Urban growth has been much faster than that of 

the total population (Table 16), causing the continuous growth of the demand for com

mercial fuels, especially LPG and electricity. 

Table 16 
Average Annual Population Growth 1970-1983 

fin %) 

Total Urban 

Argentina 1.6 2.3 
Brazil 2.4 4.4 
Mexico 3.1 5.4 
Venezuela 2.9 3.0 

Average 2.5 4.2 

Structural changes are also contributing to the increased electrification of the 

residential/commercial sector. There is increasing saturation of electrical appliances in all 

countries. Evidence of that is found in the penetration of appliances in Brazil where, in 

1984, three-quarters of all urban households were equipped with refrigerators, compared 

to only 43 percent in 1970 (Table 17) . 
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Table 17 
Appliance Saturation in Urban Households 

in Brazil 
f% or households that have the appliance) 

1970 1980 1984 

Electric Lighting 76 88 95 
Radio 72 79 n.a. 
Refrigerator 43 66 74 
TV 40 73 n.a. 

Source: Reference 5 

There has been much growth in the commercial and services sector, which depends 

on electricity for over 90 percent of its energy supply, mostly for lighting and cooling. 

With the exception of Argentina, all countries are in tropical climate, where the condi

tions of high humidity (besides high temperature) hinder the efficiency of cooling sys

tems, resulting in a high level of electricity demand. 

5.3 Outlook tor the Residential Sector 

Total demand for commercial fuels in the residential/commercial sector in Latin 

America should continue its steady growth through the end of the decade. There are 

still large sections of low-income urban population without access to adequate supplies of 

cooking and lighting fuels. Aggregate energy demand in the four countries should con

tinue to grow in the range of 3 to 5 percent observed during the past decade. 

There is more uncertainty regarding the future fuel mix for the sector. 

Electrification should continue at the high rates observed up to now, but the market for 

cooking fuels appears less certain; the share of natural gas could increase substantially in 

Brazil and Mexico, therefore slowing down demand for LPG. Both countries have 

significan t natural gas reserves that could be directed to the residen tial market. In that 

case, Brazil and Mexico could experience significant declines in the oil intensity of the 

sector, much like what took place in Argentina and Venezuela during the last decade. 
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6 Power Generation 

Electricity demand for the four countries increased at an average rate of 9.9% in the 

1970-83 period, and energy use by the power sector increased accordingly. There was a 

pronounced trend of substitution away from fuel oil and towards hydropower and natural 

gas. As a result, the oil intensity of power generation for the four countries fell from 68 

to 47 TOE per GWh generated from 1970 to 1984 (Table 18). 

Table 18 
Petroleum Intensity of Electricity Generation 

fin TOE/G Wh 1 

1970 1978 1984 

Argentina 204 125 68 
Brazil 25 11 6 
Mexico 79 157 155 
Venezuela 46 70 73 

Average 68 61 47 

The largest decline in oil use occurred in Argentina. The decline from 204 to 68 TOE 

per GWh was due primarily to the penetration of natural gas in substitution for fuel oil, a 

trend that should continue in the immediate future. Argentina also increased the use of 

nuclear power, bringing on line a 600 MW plant (the country's second) in early 1983. 6 

In Venezuela, there was a pronounced decline in oil intensity of the sector since 1981, 

following a surprising increase from 1977 to 1980, when the oil intensity of electricity gen

eration more than doubled, re8ecting the existing surplus of heavy fuels. 

The oil intensity of electricity generation in Mexico is iilcreasing, and is the highest 

among the four countries studied. Mexican natural gas reserves have been revised down

wards in the recent past, and local officials are pessimistic regarding substantial penetra

tion of natural gas in electricity generation in the near future. 

Although there was substantial reduction of oil intensity in power generation in Bra

zil, that trend is of relatively little importance, considering that nearly all electricity in 

the country is generated with hydropower. The recent expansion in the country's natural 

gas reserves may bring about the use of that fuel in power plants towards the end of the 

century. 
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The higher petroleum prices of the 1970s enhanced the competitiveness of hydroelec

tricity and natural gas throughout the continent. Natural gas, which was gaining a 

higher share of the power-generation market even before the 1978-79 increase in the price 

of oil, expanded its market share at a faster rate thereafter, especially in Argentina. The 

share of natural gas in fuel use for electricity generation went from 15 to 48 percent from 

1970 to 1983. In Venezuela, there has been a dramatic upsurge in the use of petroleum 

products for power generation due to the existence of surpluses of fuel oil and diesel. The 

share of fuel oil in fuel use for electricity generation doubled from 13 to 26 percent from 

1979 to 1983, after a period when natural gas had been increasing its share of energy use. 

Another thermal plant, whose conclusion is expected for the next two to three years, will 

also burn fuel oil to power three new 400 MW units. New hydroelectric plants, with a 

total capacity of 1300 MW had originally been scheduled for operation in 1987, but res

trictions on capital availability have delayed construction, a.nd the new plants are 

unlikely to be completed before the end of the decade. 

In general, the trend of oil substitution triggered by the higher prices of the late 

1970s has had a sizeable impact in reducing the petroleum intensity of electricity genera.. 

tion. Natural gas should continue to increase its contribution to fuel supply in the sector, 

as well as nuclear power which, although at a slower pace than anticipated, is coming into 

operation in Argentina, Brazil and, possibly, in Mexico. 

7 Conclusion 

7.1 Summary or Findings 

Patterns of energy demand in Latin America during the last 15 years were substan

tially affected by the increase in energy prices and by the availability of fossil fuel reserves 

in each of the four countries surveyed: Argentina, Brazil, Mexico, and Venezuela. In con

trast to the generally increasing trend of energy intensity in all countries, there was a dis

tinct decline of petroleum intensity in the post-1979 period. That was due mostly to con

servation and substitution measures, most noticeably in Argentina and Brazil, who is the 

largest oil-importer among LDes. 

Energy intensity in the four-country aggregate increased steadily from 0.7 to 1.2 

TOE/lOO persons from 1970 to 1980, and remained stable thereafter. 
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Oil intensity in the four countries fell back to 0.61 TOE/l00 persons in 1984, after 

having peaked at 0.67 in 1980. Most of the reduction in petroleum intensity took place in 

the Argentinian and Brazilian industrial and transportation sectors. Significant reduc

tions also occurred in power generation in Argentina and Venezuela. 

The share of petroleum in primary energy supply fell to 49 percent in 1984 f,.om 60 

percent in 1970. During the same time, the shares of natural gas and hyroelectric power 

increased from 23 to 25 percent, and from 14 to 22 percent, respectively. 

In industry, energy intensity increased, especially after the mid-1970s, as a result of 

the expansion of energy-intensive activities, especially iron and steel, cement, aluminum, 

and chemicals. Total energy per unit of industrial value added increased from 0.36 to 

0.47 TOE/lOOO US$. Industrial oil intensity increased up to the mid-1970s, and then 

declined in response to higher petroleum prices. The lowest level of oil intensity was 

reached in 1983, at 0.12 TOE/l000 US$, and the highest was 0.18 TOE/lOOO US$, 

reached in 1978. The most significant reductions in industrial petroleum intensity were 

achieved in Argentina (through substitution with natural gas), and Brazil (by imposing 

quotas on fuel oil use, and providing subsidies for coal and electricity as alternative fuels). 

The aggregate oil intensity (gasoline plus diesel per vehicle) of road transport in the 

four countries felt the impact of higher prices and fell from 4.4 to 2.1 TOE per vehicle 

from 1970 to 1984. The largest decline took place in Brazil, due to the substitution of 

ethanol for gasoline, and the smaller decline in intensity took place in Venezuela, where 

prices remain much below those of the other three countries. On the other hand, the con

tinued. expansion of the vehicle fleets well in excess of population growth promises a 

strong market for gasoline and diesel in the near future. 

The residential/commercial sector is the only one where energy intensity 

(energy/capita) increased in all countries. The oil intensity of the sector also increased, 

without disruptions from 1970 to 1984. That was largely due to pricing policies that pro

tected residential users from the oil price increases of the 19705. In 1984, the oil intensity 

of the residential/commercial sector reached 52 TOE/l000 persons, compared to 39 

TOE/l000 persons in 1970. 

-In power generation, there was a pronounced trend of substitution away from fuel oil 

and towards hydropower and natural gas. As a result, the oil intensity of that sector for 

the four countries fell from 68 to 47 TOE per GWh generated from 1970 to 1984. There 

is evidence that the declining price of petroleum and the existence of surpluses of fuel oil 

are having an impact. Hydroelectric projects, which are highly intensive in capital and 

require several years of construction work, have been delayed in Argentina and Venezuela. 
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Bot~ coal and nuclear power should continue to playa relatively small role in electricity 

generation in the region. Although the region possesses substantial deposits of high-grade 

coal, their exploration has been deferred and a higher priority has been given to the 

development of petroleum and natural gas reserves. The emphasis given to nuclear pro

grams in Brazil and Argentina in the 1970s has been weakened by the high cost of the 

technology, safety problems, and the availability of domestic alternatives. 

7.2 Future Outlook 

The future demand of petroleum fuels is an issue for both oil exporters and import

ers. For importers, it is important to rely as much as possible on domestic resources in 

order to avoid accelerating the growth of their external debt. Despite the declining trend 

for oil prices, oil imports still represent a heavy burden in the trade balance for many 

Latin-American countries. 

For the oil exporters, the issue is to achieve a balance between the domestic and 

foreign markets. The sale of petroleum and its derivatives is the main source of foreign 

exchange, and accounts for a share ranging from two-thirds to three-quarters of total 

government revenues in Mexico and Venezuela. As world oil prices decline and, in some 

cases, approach production costs, Mexico and Venezuela need substantial increases in 

exports to maintain the necessary inflow of foreign exchange. This could provide incen

tive for the formulation of policies fostering c~nservation and substitution in their domes

tic markets, though it may be that they will be unable to sell the freed-up oil anyway. A 

policy of greater domestic oil conservation could produce a reduction in the oil intensities 

of the Mexican and Venezuelan economies. 

For the oil importers, there are indications that the ,decline in petroleum intensity 

observed in 1979-83 may have bottomed-out, and that an increase in petroleum intensity 

could happen in the near future. Given the substantial decline in the real price of 

petroleum in recent months, it is questionable that the oil-importing countries will have 

any incentive to continue reducing their oil intensity. Particularly vulnerable are the sub

stitution programs based on heavy price subsidies to alternative fuels, as in the case of 

electricity and coal in the Brazilian industry. Even where there are substantial natural 

gas reserves, it may be more attractive to reduce natural gas production and use some of 

the growing fuel oil surplus. 
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ANNEX 

A Scenario for Latin-American Oil Demand 

Below we present a scenario for the future of energy demand in Latin Americ~ (four 

countries) in the years 1990 and 2000. It is based on assumptions about the evolution of 

the structure and the fuel intensities of each sector, derived from the trends observed 

since 1970 in the four countries studied. 

For each sector, the exogenous variables are a rate of structural growth, and energy 

intensities. It is assumed that the price of crude oil will be $20/bbl by 1990 and $34/bbl 

by 2000. The price elasticities of sectoral energy demand are taken into account impli

citly by assigning values to future energy intensities in each sector. 

The values assigned to the exogenous variables for each sector or country are shown 

with the sectoral breakdown of the scenario. In each table, historical values are shown 

along with the future scenarios. 

Industry 

Transport 

Table Al 

Projected Oil Demand in 

Latin America (Four Countries) 

(inMTOE) 

1970 1978 1983 

15.5 29.8 20.9 

31.9 55.4 61.5 

Resid/Commercial 6.8 10.3 12.7 

Electr. Gen. 7.1 14.8 19.2 

1990 

23.7 

76.7 

17.7 

31.5 

Total 61.3 110.2 114.4 149.6 

Growth Rate 7.3% 0.7% 3.8% 
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28.3 

117.0 

28.8 

51.4 

225.5 

4.1% 
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Table A2 

Projected Industrial Oil Demand in 

Latin America (Four Countries) 

(inMTOE) 

1970 1978 1983 1990 2000 

Argentina 4.0 3.9 2.4 2.4 2.1 

Brazil 5.4 14.2 7.7 10.0 12.5 

Mexico 4.9 10.2 9.3 9.6 11.9 

Venezuela 1.1 1.4 1.6 1.7 1.8 

Total 15.4 29.7 21.0 23.7 28.3 

Growth Rate 8.2% -0.7% 1.7% 1.8% 

Assumptions for Industrial Scenario 

Growth Rates of Value Added for 1983-1990 and 1990-2000: Argentina 2.0% and 

1.5%; Brazil 6.0% and 4.0%; Mexico 2.0% and 3.0%; Venezuela 2.0% and 3.0%. 

Oil Intensities (TOE/million US$) for 1990 and 2000: Argentina 40 and 30; Brazil 

120 and 100; Mexico 130 and 120; Venezuela 160 and 130. 
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TableA3 

Projected Transportation Oil (Gasoline plus Diesel) Demand 

in Latin America (Four Countries) 

(inMTOE) 

1970 1978 1983 1990 2000 

Argentina 12.4 15.4 17.1 18.2 21.6 

Brazil 11.6 20.2 19.2 28.6 47.0 

Mexico 9.2 17.2 22.5 26.5 40.3 

Venezuela 3.5 7.8 9.3 10.4 14.3 

Total 36.7 60.6 68.1 '83.7 123.2 

Growth Rate 6.3% 2.3% 2.9% 3.9% 

Assumptions for Transportation Scenario 

Growth Rates ot Vehicle per Capita tor 1983-1990 and 1990-2000: Argentina 

2.5% and 2.5%; Brazil 5.0% and 5.0%; Mexico 3.0% and 4.0%; Venezuela 3.0% and 

4.0%. 

Oil Intensities (TOE/vehicle) tor 1990 and 2000: Argentina 1.7 and 1.4; Brazil 1.5 

and 1.4; Mexico 2.5 and 2.0; Venezuela 4.2 and 3.1. 
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Table A4 

Projected Residential/Commercial Oil Demand in 

Latin America (Four Countries) 

(in MTOE) 

1970 1978 1983 1990 2000 

Argentina 1.7 1.7 1.6 1.5 1.5 

Brazil 2.0 3.3 4.3 6.3 10.8 

Mexico 2.5 4.4 6.1 8.9 15.2 

Venezuela 0.6 0.9 0.6 0.9 1.4 

Total 6.8 10.3 12.6 17.6 28.9 

Growth Rate 5.2% 4.0% 4.8% 5.0% 

Assumptions for Residential/Commercial Scenario 

Growth Rates o( Population (in percent) (or 1983-1990 and 1990-2000: Argen

tina 1.3 and 1.3; Brazil 2.0 and 2.0; Mexico 2.3 and 2.3; Venezuela 2.6 and 2.6. 

Oil Intensities (TOE/IOOO persons) (or 1990 and 2000: Argentina 48 and 40; Brazil 

43 and 60; Mexico 105 and 142; Venezuela 51 and 60. 
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