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Overview

It has been shown that energy puts constraints on economic growth through the rise of price mainly
caused by depletion of energy. However, rising energy prices might not be a constraint on economic
growth. This study examines whether a persistent increase in energy price constrains economic growth
and presents in what conditions rising energy prices could work towards economic growth.

Methods

Extending Romer (1990), this study constructs an endogenous growth framework incorporating energy
both in the production of intermediate and final goods and the division of capital for the intermediate
and final goods. There are three input in the Cobb-Douglas production process: capital, labor, and
energy, and energy is broadly defined so that it could be fuels, precious metals and minerals, and
renewable or nonrenewable. There are also three sectors in the model: the final output sector, the
intermediate goods sector, and the R&D sector. The final output of a representative firm is determined
by labor, intermediate goods and capital — the capital invested in final good production and the capital
allocated for intermediate goods. The effective services of the intermediate goods are supplied by the
capital and raw energy allocated for the production process, which is assumed as a constant return to
scale Cobb-Douglas function. The prices and quantities of the intermediate goods are derived by
solving a profit maximization problem facing the representative firm. This gives in turn the growth rate
of output equals the sum of the growth rate of innovations and of profits for producing intermediate
goods. Any factor favoring innovations or monopolistic rent for producing intermediate goods is likely
to promote economic growth. In the R&D sector, R&D activities for energy-related technologies are
understood to accelerate a smooth substitution between capital and raw energy. R&D activities are
compensated by the monopolistic profits accrued from the patents of innovations, and the value of an
innovation for the i-th intermediate good determines the allocation of resources between producing
intermediate goods and carrying out R&D activities.

Results

This study finds an increase in energy price (i.e., the growth rate of energy price) does not necessarily
impede the rate of economic growth under the following conditions: first, the output elasticity of
energy is sufficiently low (e.g., equal to or lower than 0.08), second, the intertemporal elasticity of
substitution is sufficiently high (e.g., equal to or higher than 5), and third, the energy price shock is
moderate. The growth rate of energy price, due to higher energy tax rate or the depletion of energy
among others, would induce the improvements of energy-related technologies, which could accelerate
the substitution of capital for energy and hence would favor economic growth.

Conclusions

This study presents under what conditions rising energy prices do not impede economic growth. It also
demonstrates that the conservation policy such as the imposition of carbon tax on energy use has no
effects on economic growth if the rate of tax on energy consumption and subsidy for capital used in the
intermediate goods are constant. However, an increasing energy consumption tax with a constant
subsidy for capital appears to lead to a higher rate of economic growth.
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