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The United States is currently undergoing a transition from
roarerewable erergy sources to "unconventional™ energy sources. Since
+97% there has been growing awareness that the transition away ffom
norrenewable fuels will take longer and be more difficult than
ant; reted. As oil imports grew, 80 did concern over the economic
repercussioss of the energy transition.

2 common view among energy analysts in industry, academia,
ard government is that the transition from depletable oil and gas to

recnventional energy sources will be accomplished when the price of
scnvertional energy erxceeds the cost of producing the unconventional
ecyrees. On this view, since unconventional sources such as shale
c:i1, coal synthetics, nuclear power, and solar energy are either not
depleteble or draw on very large resource bases, the real costs of
:reze technologies should remain fairly constant while depletion of
conventional oil and gas will soondrive their marginal costs above
thosz.of the synfuels. Investment in unconventional energy will then
surplant inves‘ment in conventional energy, placing é‘cap or backstop
on erergy rrices.

The kistcry of the unconventional sources, however, shows

+bat far from remaining constant, the real costs of these te®hnologies
reve been rising, often faster than the price of the OPEC oil they are

interded to replace!
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This paper explores the following questions:

1. What are the economic consequences of escalations in unconventional
energy costs in terms of

- economic growth

~ inflation

- real energy prices

- energy production, consumption, and imports
2. To what extent are escalations internally generated by interactions
between the energy sector and the rest of the econony?

A large model of the national economy and its coupling with the
energy sector is the vehicle for the gnalysis. Growing out of the Naticnal
Model project at the MIT System Dynam1cs Group, the model provides a fully
dynamic, behavioral theory of energy-economy interactions. The model
consists of four production sectors (consumer goods, capital piant and
equipment, conventional [depletable] energy, and unconventional -energy),
and household, financial, government, and OPEC sectors. The model
endogenously generates the major energy and economic aggregates including
GNP, consumpt{on, investment, real and nominal wages ard prices, the rate
of inflation, interest rates, and energy production, consumption, imports,
and prices. The model also incorporates realistic representations of
various policy initiatives such as price controls, tax credits, znd
subsidies for energy prpduétion.

Simulation results (see figures) show that depletion and the
transition to unconventional energy can cause & gignificant intermediate
term reduction in economic activity, employment, and the standard of
living. Ore of the major causes of the large impacts is a large overshoot
of real energy prices above the long run equilibrium value. The overshoot
is primarily caused by escalation in the price of ﬁnconventional energy,
cauging continued dependence on nonrenewable conventional fuels and

delaying the transition.



1. Tnconventicnel erergy is very energy intensive. As depletion raises
the trice of conventicnal energy, production costs for unconventional rise
T2 the extent wnconventional depends on energy, creating a positive

e gck 100p of higher prices, egcalation, continued reliance on and
derietion of cenventional osurces, and higher prices. The positive

fee locp is reinforced by other indirect effects: unonvetnional energy
intensive; as energy prices rise, capital prices rise and boost
onsl costs further; capital production depends on capital, adding

sitive loop.

2. recnverticnal erergy hes long lead times, leading to shortages of
cupital and the use of labor {at sharply diminishing returns) to help meet

demerd. '

unconverticnal industry faces rapid growth in demand as

i ernergy prices rise. To attract workers fast enough, wages in
1ticnel irdustry are bid up above the nation:il average, further
+ Taterisls tottlenecks would also raise costs.

long lesd times, cspital intensive production, and rapid demand growth
: t¢ chronic cash flow rroblems, higher than normal bankruptcies, and
isy Eigh risk reduces the external financing available to

tlonel industries and raises the cost of capital, further boosting

Trese forces reinforce each other and lead to escalations in
excess of 20r%, even when the potential for substituting other inputs for

nergy is high.

bl

Tests of the model explore the sensitivity of the escalation and
eccrenic effects to the potentisl for substituting labor and capital for
ené:g;, tha rotential for retrofits to the energy requirements of existing
capitzl, the cost of unconventional energy, and the eﬁergy and capital
irtenzity of unconventional energy.

Retrofits, shorter lead time_unconventional energy facilities, and
reductions in thre ensrgy and capital intensity of unconventional_enefgy

2rrear %o be high leverage points for reducing the escalation and

mivigating the macroeconomic effects of ‘the energy transition.
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