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Abstract

The purpose of this research is to analyze the relationship between energy consumption and economic growth in
Yemen during the period 1990-2012. It will also assess the impacts of changes in energy prices on aggregate
energy consumption, and conclude with analyzing the relationship between efficiency (oil intensity of use) and
total energy consumption during the same period. We used time series data to provide estimates of elasticities.
Empirical results showed: (1) The impact of income on energy consumption is positive and was represented by the
high elasticity. (2) The price-index has no significant effect on restraining total energy demand. (3) A significant
effect of efficiency on energy consumption indicated by the high elasticity reported. This research concludes that
both income and efficiency variables have significant impacts as expected on the demand for energy consumption
in Yemen. As these two factors increase over time, energy consumption will increase and be more efficient for use
which is consistent with the goals of economic growth and the sustainability of development in the future. The
price, on the other hand, has no significant effect on restraining the demand for energy. Low energy prices will
always increase its demand and bring into more inefficient use of energy. This implies that actions are essential for
more sustainable development without adverse effects on national growth targets.
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1. Introduction

Since the beginning of the nineties, Yemen has gone through significant structural changes in its economy. These
changes have included rapid increases in the demand for energy use domestically which have increased from
76,000 barrel per day in 1990 to 177,000 barrel per day in 2012, growing at an annual average rate of 29.7%.
Factors such as rising incomes, population growth, and cheap energy prices were the main sources for such
increases.

Petroleum product prices which do not reflect the real cost of production remained low comparing to international
standards. These low prices permitted such inefficient use of energy and gave no such incentives for consumers to
conserve energy.

Since the economic reform program, initiated in the mid 90s, the government of Yemen has taken measures and
policies to reduce this inefficient use in energy consumption. Its last measures were taken in 2005 and 2011 when
prices of energy went up by approximately 60—80 percent.

What motivated me to do this study is the lack of published studies in Yemen that analyzes energy consumption
and investigates its determinants analytically. It was that realization which prompted this study of energy demand
and the development of behavioral equation consistent with economic theory which provides information
concerning the energy consumption and the behavior of consumers in Yemen.

Earlier in this study, it became clear that a comprehensive model of Yemen energy consumption could not be
constructed and estimated because of the lack of data on important determinants. Consequently, when model could
be estimated, it is by necessity simple. Modeling in this study is not an end of itself; rather it is justified only to the
extent that it facilitates the identifications of future consumption possibilities and useful energy policies.

The following sections addresses briefly the objectives, methodology and hypothesis of the study. Energy
overview in Yemen will be discussed and analyzed in section four. The fifth section highlights the model and its
estimation; and finally, Summary of research findings and conclusions are presented and discussed in section six.
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2. The Objectives of the Study
1) To analyze the overall performance of the oil sector in Yemen economically.
2) To build an econometric model for the oil consumption in Yemen that can be used for estimation and future use.

3) To test and evaluate the impact of economic determinants such as income, price, and efficiency on energy
consumption during the past twenty years.

4) To recommend effective energy policy that can reduce the inefficient use of energy resources without adverse
effects on national growth targets.

3. Methodology and Hypothesis of the Study

The design of this research is basically quantitative. It studies and analyzes the relationship between energy
consumption and economic factors such as economic growth and energy prices. Rapid economic growth in LDC’s
generally contributes to large increase in energy demand, (Pindyk, 1979). Prices of gasoline or diesel will be used
in our analysis, but if insignificants were found, consumer price index will be used as a proxy instead. This
research will also assess the relationship between efficiency (oil intensity of use) and total energy consumption
during the same period. High energy intensities indicate a high price or cost of converting energy into GDP, while
low energy intensity indicates a lower price or cost of converting energy into GDP, (Chefurka, 2007). Time series
data which have been collected from different sources such as the government of Yemen, the World Bank, and the
Energy Information Administration will be used to provide estimates of elasticities .

To test the hypothesis, economic determinants chosen in this study will have significant impact on energy
consumption, and an econometric model will be used. Firstly, the methodology of the study will analyze the oil
production, the oil consumption, and their prices in Yemen economically. Secondly, the methodology will estimate
the total demand for energy consumption during the period 1990-2012. The estimations will include gross
domestic products, energy prices, and efficiency.

4. Energy Overview in Yemen
4.1 Oil Production

Unlike many regional oil producers, Yemen relies heavily on foreign oil companies that have production-sharing
agreements with the government. The agreements between the government of Yemen and the producing
companies dictate that on average, 58% of the total production is for government share, whereas 42% for
companies shares. About 63% of government’s share goes for export, whereas 37% goes for domestic use.

Oil production which started in 1986, has increased from 192,000 barrels per day in 1990 to 441,000 barrels per
day in 2001, and reached its peak growing at an annual rate of 28.5%. After 2001, oil production from the existing
fields have gone through dramatic declines reaching 154,000 barrels per day in 2012, Figure 1.

According to statistics published by the Energy Information Administration, if no new discoveries are found, the
existing reserves are not expected to last more than 10 years, and the output from the country’s previous fields is
falling.
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Figure 1. Oil production in Yemen (000 barrel per day)
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4.2 Refining Sector

Yemen has two oil refineries with a total capacity of 180,000 barrels per day. Aden refinery came on stream in
1954 with total capacity of 170,000, and Marib refinery came on stream in 1986 with total capacity of 10,000
barrels per day. Both refineries produce a wide array of petroleum products, including heating oil, gasoline, diesel
and LPG.

During the last twenty years, refinery capacity from the two refineries increased from 115,000 barrels per day in
1992 to 140,000 barrels per day in 2012, steadily increasing at an average annual rate of 1%, Figure 2.

Aden’s refined products are for domestic use and contracted deals especially with Iran, Oman and Malaysia, while
Marib’s products are planned for the domestic use only.

Since May 2011, both refineries have been shut several times due to continuing attacks on connecting crude
pipelines, causing products shortages in local markets, and making Yemen reliant on crude and products imports
mainly from neighboring Saudi Arabia.

Yemen Refinery Capacity
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Figure 2. Refinery product (000 barrels per day)

4.3 Crude Oil Consumption

Many different types of petroleum products have been used in different areas. Products such as gasoline, diesel,
kerosene, LPG and residual fuels are the dominant commercial energy products in the country.

Crude oil is refined to produce a wide array of petroleum products. This includes heating oil, gasoline, diesel and
jet fuels; lubricants; asphalt; ethane, propane, butane; and many other products used for their energy or chemical
content. In the last twenty years, the total crude oil consumption has gradually increased from 76,000 barrels per
day in 1990 to 177,000 barrels per day in 2012 growing at an annual average rate of 29.7%, Figure 3.
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Figure 3. Total oil consumption in Yemen (000 barrels per day)
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4.4 Price Structure of Petroleum Products

Pricing of petroleum products in Yemen are not determined by the market. Instead, it is set by the government of
Yemen. The prices of these products are subsidies by the government and are low comparing to international
standard. This does not only cause fiscal burden on the government, but also drive the demand higher.

In conclusion, petroleum prices in Yemen are under priced in relation to any rational base of comparison, such as
the true national economic cost of energy production, marginal costs and prices. The resulting prices fail to reflect
relative scarcities or assures supply and demand balance.

To measure the effect of oil prices on energy consumption, prices of gasoline and diesel will be included in our
analysis. Although prices of energy in Yemen have been increased several times during the study period, prices
were mostly relatively constant. Thus, it might have no significant effect on restraining total energy demand,
Figure 4.
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Figure 4. Retail oil prices in Yemen (US dollar per litter)

If the prices of gasoline and diesel were found insignificant, consumer price index will be used as a proxy instead.
In the last twenty years, the consumer price index has gradually increased growing at an average annual rate of
16.8%, Figure 5.
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Figure 5. Consumer price index (2005=100)
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4.5 Economic Growth

Yemen is a low income country that is highly dependent on declining oil resources for revenue. Petroleum
accounts for roughly 25% of GDP and 70% of government revenue. Yemen has tried to counter the effects of its
declining oil resources by diversifying its economy through an economic reform program initiated in 2006 that is
designed to bolster non-oil sectors of the economy and foreign investment.

In the last twenty years, constant GDP per capita gradually increased from $465 in 1990 to $609 in 2010, growing
at an average annual rate of 1%, Figure 6.
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Figure 6. Constant GDP per capita in US. dollar
4.6 Energy Efficiency

Energy efficiency is the amount of energy it takes to produce a dollar’s worth of economic output. It is called energy
intensity of use. This measures energy efficiency of a nation's economy. It is calculated as units of energy per unit of
Gross Domestic Product (GDP). This value varies widely between countries depending on their level of
industrialization, the mix of services, manufacturing in their economies and the attention they pay to energy
efficiency.

In Yemen, the energy intensity of use (efficiency) has fluctuated from year to year. Over the past 20 years, this
indicator reached a maximum value of 8.82 in 2010 and a minimum value of 5.62 in 1991, Figure 7.
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Figure 7. Energy intensity of use
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5. Model Form

Simple log-linear model with a koyck lag to explain the dynamic adjustment of demand to changes in income,
price and efficiency will be estimated in the form:

InQt=A+BInYt+CInPt+DInEt+FlInQt]+ et
Where:
0t = Quantity of oil consumed (crude oil);
¥t = Constant GDP per capita;
Pt = Price of oil (consumer price-index);
Et = Efficiency (intensity of use);
QOt-1 = Lag one year;
et = Error term.

When this model is not appropriate, or the stock adjustment term is not statistically significant, a simple linear
model will be used instead.

Retail prices of gasoline and diesel per liter will be used in our analysis, but if insignificants are found, consumer
price index will be used as a proxy instead.

5.1 Elasticity Estimations

The elasticities reported will be considered as general indicators rather than the exact estimates since they are
based on a crude and simple model of demand along with a price index.

5.2 Model Estimation

Simple log log model was found to best fit the oil consumption data. The initial estimate of the equation shows
that all coefficients are well determined at the 5% level of significant except for the lag term in the demand which
was found to be insignificant. Thus, the equation was re-estimated with the lag suppressed giving the following
equation:

Log Qt=-12.16+3.13log Yt—0.21 log Pt— 0.62 log Et
(-3.5) (5.6) (-3.7) (-2.7)
R2=0.71, D-W = 2.1, (1990-2010).

This equation shows the result of procedures to correct for autocorrelation. The actual and fitted data are shown in
Figure 8.
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Figure 8. Actual and fitted oil consumption
6. Research Findings

The estimated equation shows that about 71% of the variation in the demand for energy is explained by income,
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price and efficiency. The impact of income on energy consumption is indicated by the high income elasticity of
(1.96), which is evaluated at the mean of GDPs. This value implies that as income increases by 1%, energy
consumption is increased by 1.96%.

In an attempt to see the effect of oil prices on energy consumption, retail prices of gasoline and diesel were
included in the estimated equations, but none of them were significant, therefore they were omitted from the
analysis. On the other hand, the estimated equation was re-estimated using the consumer price index which
showed some impact on energy consumption indicated by the elasticity of (-0.28) indicating that as price increases
by 1%, energy consumption will decrease by 0.28%.

Finally, the result shows a significant effect of efficiency on energy consumption which is indicated by the high
elasticity of (-1.5). This indicates that as efficiency increases by 1%, the demand for energy consumption will
decrease by 1.5%.

Although the values of R2 are not high, the value of the D-W statistic is quite high and all values are significant at
the 5% level of significance with t-values in parentheses. This result indicates that besides the gross domestic
product, price and efficiency there are some other factors that affect the demand for commercial energy in Yemen.
Thus, the result above is measuring only the relationship between these three factors and commercial energy
consumption while the effects of other factors are omitted from the equation. The preferred solution to the low R2
problem is to search for the missing variables and include them in the model.

This research concludes that both income and efficiency variables have significant impact as expected on the
demand for energy consumption in Yemen. As these two factors increase over time, energy consumption will
increase and be more efficient (meaning it uses less energy to perform the same task as before), which is consistent
with the goals of economic growth and sustainability of development in the future. The price on the other hand,
has no significant effect on restraining the demand for energy. Low energy prices will always increase its demand
and bring into more inefficient use of energy. This implies that actions by the government are essential for more
sustainable development without adverse effects on national growth targets.
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