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Abstract

This paper reviews the paths of world energy and oil demand over the past three decades,
both over time and relative to income growth. We focus on the effects of oil price changes on
demand, not only the oil price increases of the 1970’s but also the oil price decreases of the 1980’s.

Compared with demand in the industrialized countries {OECD), demand in the Less
Developed Countries (LDC) has been more responsive to income growth, less responsive to price
increases, but more responsive to price decreases. In the industrialized countries there has been an
asymmetric, smaller demand response to the price decreases of the 1980’s than to the price increases
of the 1970°s. But in the LDC there is less evidence of demand being imperfectly price-reversible:
the price reductions of the 1980°s have reversed much more of the demand reductions that followed
the price increases of the 1970’s, in comparison with the OECD.

Transportation oil has grown consistently, in all regions of the world, about as rapidly as
income growth, and it is less price-responsive than non-transportation oil demand.

The LDC has exhibited much greater heterogeneity than the OECD, both in income growth
and in the relationship of demand growth to income growth. This is true not only between the oil
exporting countries and the others, but also between those LDC whose per-capita incomes have been
growing steadily and those whose incomes have declined or been stagnant. It is important to analyze
the behavior of these groups separately. Otherwise, the aggregation will distort the effects on demand
of the price changes and income growth.

We expect a smaller demand response to future price increases than to those of the 1970s.
The demand response to future income growth will be not substantially smaller than in the past.
Finally, given the prospect of growing dependence on OPEC oil, in the event of a major disruption
the lessened responsiveness of demand to price increases could cause dramatic price increases and

serious macroeconomic etfects.



Introduction
In this article we review the past three decades experience with respect to energy and oil
demand, with a focus on three main regions: the industrialized countries of the OECD (Organization
for Economic Cooperation and Development: North America, Western Europe, Japan, Australia &
New Zealand); the Oil Exporters (OPEC & Mexico); and the Other LDC (Less Developed
Countries), excluding China unless specifically included. In addition to an examination of the
historical determinants of total energy demand, we also examine the determinants of total oil demand
and its two main components: transportation oil and non-transportation oil. This disaggregation of
total oil is important because the two have moved differently over time, especially within the OECD.
Also for purposes of improving our understanding of the determinants of demand among the
non-OECD countries, we examine the heterogeneity among the 61 LDC for which we have good
data. This heterogeneity is most apparent in their growth rates of per-capita income, and in the
relationship between demand growth and income growth. In particular, we examine separately three
sub-groups of the Other LDC, based on their average annual growth rate of per-capita income from
1970-91:
Other LDC: Growing Income -- those with positive and steady growth in per-capita income;
Other LDC: Declining Income -- those with negative growth in per-capita income;
Other LDC: Slow & Uneven Income Growth -- those with relatively sluggish and variable growth.
These three sub-groups have approximately fifteen countries each, as do the LDC Oil Exporters; the

countries are identified below,
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We also address a related issue: whether -- in the event of an 0il price increase, either by
OPEC or by increased domestic o0il taxes -- we can expect as great a demand reduction as we
experienced after previous price increases. Although the evidence is less clear on this issue, we
believe that the answer to this question is also negative, at least for the OECD. That is, the demand
response to future price recoveries will be smaller than the historical response to the price increases
of the 1970’s.

Up until recently, the majority of energy demand studies' had been based on "perfectly price-
reversible" models, so that questions such as the two posed above could not be analyzed empirically.
Despite the inability of these traditional models to explain the sluggish growth in demand following
the oil price collapse in 1986, some analysts, most notably Hogan (1993), have been reluctant to
abandon the conventional demand specification. However, as we have shown elsewhere, e.g.
Dargay-Gately (1994b), the assumption of perfect price-reversibility must be rejected, for OECD non-

transportation oil demand especially.

In order to provide an overview of the data, we first present some summary graphs. Shown
in Figure 2 are the per-capita values for energy and oil demand in each of our three main regions.
Shown in Figure 3 are population, total income, and per-capita income. The vertical scales in each
graph are logarithmic, so that the slope of the curves indicate the percentage rate of growth: steeper
curves have higher rates of growth.

There are two major differences between the OECD on the one hand and the Oil Exporters
and Other LDC on the other:

I} the level of OECD demand per-capita is several times higher than for the other two groups: 4
to 5 times higher for energy, and 3 to 6 times higher for oil.

2) the rate of change in the OECD: per-capita energy demand has been relatively flat, and it has
declined for oil, especially after the two price increases of the 1970°s -- declines which were
not reversed by the price cuts of the 1980°s. In contrast, per-capita energy demand in the
other two groups has grown during these years. Likewise, per-capita oil demand has also
grown, despite being roughly constant in the early 1980’s, following the 1979-80 price

increase.

' For good examples of earlier work on energy and oil demand, see Griffin(1979), Pindyck(1979),
and Hogan(1986).




Figure 2. Per-capita Energy and Oil Demand, 1970-90 (Tons of Qil Equivalent per person per year)
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Figure 3. Population (millions), Total Income (Trillions 1980%) and Per-capita Income (1980%),
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1. Energy and Oil Demand since 1965: by region, by fuel, by sector

1.1 Energy Demand
Figure 4 summarizes the recent history of energy consumption, from 1965-92, disaggregated

by fuel: oil, natural gas, coal, nuclear, hydro. Four regions are shown separately: in addition to the

three mentioned above, we also show Eastern Europe and the Former Soviet Union. Several

observations can be made:

1. Total energy demand has been relatively flat since 1973 in the OECD, but it has continued to
grow in the other regions. Total energy demand grew similarly in all regions from 1965 to
1973, at an average annual rate greater than 2%. But during the high-price era from 1973 to
1985, demand remained flat in the OECD and to a lesser extent in Eastern Europe and the
Former Soviet Union; but it continued to grow as rapidly as before in the other regions.
Since the 1986 oil-price collapse, energy demand has begun to grow again in the OECD, but
at a rate half the pre-1973 growth rate. In Eastern Europe and the Former Soviet Union,
however, it flattened out and declined in the late 1980’s, a time of both political and economic
transition.

2. Similarly for total oil demand: since 1973 it has been relatively flat in the OECD, and in
Eastern Europe and the Former Soviet Union. But it has been increasing in the other regions.
The renewed growth in energy demand since the mid 1980’s in the CECD was not
accompanied by a comparable growth in oil demand. Even in the LDC regions, oil demand
grew less rapidly than total energy demand.

3. Oil’s share of total energy is higher in the OECD than in other regions, except for the Qil
Exporters. However, there is a large variation in oil dependency within the Other LDC, but
this is hidden in the aggregate figures. The Other LDC’s low oil share is primarily a
reflection of its two largest economies, China and India, which are also large coal producers.
They constitute half of the total energy consumption in the Other LDC region. Eluding these
two countries, the oil share of total energy for the rest of the LDC’s is 55% in 1993, which is
significantly higher than the 43% share in the OECD. The shares for China and India are
20% and 31% respectively.

4, Oil’s share of total energy demand has declined in most regions: world-wide from 50% in
1973 to 40% in 1993. Although the OECD is responsible for the larger part of this

reduction, almost all countries have reduced their oil dependency.




Figure 4. Energy Consumption by Fuel (Oil, Natural Gas, Coal, Nuclear, Hydro): 1965-92 (Source: BP)
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In Figures 5 and 6 we show energy use, disaggregated by fuel, in two of the most important
energy-using sectors: in electric power (Figure 5) and in industrial uses (Figure 6).

In each of these two sectors, substitution away from oil is easier than in most other sectors of
the economy -- especially compared with transportation, where fuel substitution away from oil is most
difficult. In electric power generation, several points should be noted regarding Figure 5:

L. There has been growing demand for electric power in all regions.

2, Oil use in electric power generation declined sharply in the OECD after the 1979-80 price
increase, and this decline was not reversed by the oil price declines of the 1980’s.

3. In the non-OECD regions, oil use in electric power generation has been flat since the early
1980’s, and oil’s fuel-share declining. This demand reduction has not been reversed by the
price cuts of the 1980s, except in a few countries such as South Korea (to be discussed
below).

4, Growth has come from coal in all regions except the Oil Exporters, nuclear in the OECD and

a few LDC (Taiwan, South Korea), and some expansion of natural gas in virtually all regions.

* The country-coverage for the Oil Exporters and Other LDC does not correspond exactly to that
shown in Figure 4. Figures 5 and 6 cover about sixty of those non-OECD countries whose data is
provided by the IEA; fortunately, these include the largest and most important. The IEA data is more
detailed for specific countries, but it is not as comprehensive geographically as the BP data in Figure 4.
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Figure 5. Energy Sources for Electric Power, 1971-91:
Oil, Natural Gas, Coal, Nuclear, Hydro (Source: IEA)
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Figure 6. Energy Sources for the Industrial Sector, 1971-91:
Oil, Natural Gas, Coal, Electricity (Source: IEA)
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Although sharing some similarities, energy use in the industrial sector® is somewhat different
from that in electric power generation.

1. Total energy use in the industrial sector has actually fallen in the OECD since the early
1970’s, but has continued to rise in the Other LDC. Growth has been most rapid in those
parts of the Other LDC that have had the most growth in both income and industrial
production -- primarily Asia. For the Oil Exporters, industrial energy consumption grew
rapidly until the mid-1980’s but has declined since then.

2. Industrial use of oil has been relatively flat in most regions. In the OECD there were
substantial declines in 0il use in response to the price increases, which were not reversed by
the oil price decreases. Since the 1986 oil price collapse, only in the Pacific Rim has there
been a substantial increase in industrial use of oil, primarily in South Korea.

3. Industrial use of oil has been reduced through overall energy conservation and some fuel-
switching to natural gas. Oil’s share of industrial energy use has declined since the early
1970s in all regions. In both the OECD and the Other LDC, oil’s share was reduced from
40% to 30% (approximately). But there is significant variation within the Other LDC. In
India (and also in China, which is not shown in Figure 6), coal predominates in the industrial
sector, and oil’s share is only 15%. On the other hand, in the Pacific Rim, oil is still the

dominant energy source in industry, accounting for nearly 55% of total consumption.

The difference between the OECD and LDC in growth in industrial energy consumption over
the past two decades is the result of several factors. Firstly, the rate of growth of industrial
production has been much lower in the OECD than in the LDC. During the 1970’s and 1980’s,
OECD industrial production rose by an average annual rate just above 1%. By contrast, in the fastest
growing economies of the Pacific Rim, industrial production rose by more than 8% annually. The
low growth in OECD industrial production partially reflects the slowing of aggregate economic
growth experienced during this period. But it was also due to structural changes; industrial
production grew less rapidly than many other sectors of the economy.

The second explanation lies in changes in industrial energy intensity: the ratio of industrial
energy use to industrial output. During the last two decades, this ratio has been reduced by nearly
50% in the OECD. Although many LDC countries have also experienced substantial improvements,

for example South Korea, others have shown only minor reductions.

* Energy use in the residential and in the commercial sectors (not shown) has followed patterns
similar to those of the industrial sector.



The decline in industrial energy intensity in the OECD is due partly to energy efficiency
improvements in all industries and partly to a structural shift away from energy-intensive products
such as iron and steel to less energy-intensive, higher technology products. On an aggregate level, it
is difficult to decompose the decline into efficiency and structural components, and to determine the
impact of energy prices on either component, relative to the effects of autonomous technological

change. The best work addressing these issues is contained in Schipper and Meyers (1992).

1.2 Oil Demand

To understand the determinants of oil demand, it is important to distinguish (at least) between
oil’s two main uses: transportation oil demand and non-transportation oil demand. Fuel substitution
away from oil is far easier in most non-transportation uses: in space heating, in water heating, and as
inputs for industrial processes and electric power generation. This disaggregation is shown in
Figure 7.

Transportation oil use has continued to grow, in all regions, On the other hand, at least in
the OECD, non-transportation oil demand has declined over the past two decades, especially after the
1979-80 price increase. But in the LDC, non-transportation oil demand has continued to grow,
although at a slower rate than transportation oil.

Transportation oil’s share of total oil demand is higher in the OECD than in the other regions,
and it has now grown to equal the share of non-transportation oil. It has also increased in the LDC --
both in the Oil Exporters and the Other LDC -- from about 25% in 1970 to nearly 40% by 1991.

With respect to non-transportation oil demand, in the OECD it has declined over the past two
decades, especially since the 1979-80 price increase. But in the Other LDC and the Qil Exporters, it
has continued to grow, at about the same rate as transportation oil demand.

Thus, since 1970, total oil demand has increased significantly in all regions except the
OECD: quadrupling within the Oil Exporters, and doubling in the Other LDC. Within the OECD,
the decline in non-transportation oil has been almost matched by the continued growth of

transportation oil demand, so that by 1991 total oil demand was close to its 1973 level.
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Figure 7. Oil Consumption, 1970-91:
Transportation Qil & Non-Transportation Qil (Source: DOE)
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2. Demand and the Effects of Income Growth

In addition to showing energy and oil demand over time, both in absolute and per-capita
terms, it is useful to examine demand relative to real income growth. A standard way of doing this is
to show the ratio of demand to income, the "demand/GDP ratio” (GDP: Gross Domestic Product).
See Figure 8.

Within the OECD, demand/GDP ratios have been declining over time -~ except for
transportation oil, which has remained roughly constant relative to GDP.

Among the Oil Exporters, on the other hand, these ratios have increased. Initially, in the
1970’s, the increases reflected demand growing even more rapidly than the Oil Exporters’ income.
Since the late 1970’s, however, their income has been flat, while demand has continued to rise
(although more slowly than previously), so that the demand/GDP ratio has increased.

Within the Other LDC, the demand/GDP ratio for both energy and transportation oil have
increased slowly, while this ratio has decreased moderately for non-transportation oil, and declined

slightly for total oil.
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