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EXECUTIVE SUMMARY 

This paper addressFes the concept of enew seauity, the  cost^ and kmf i  of energy security, and 
policies which could potentially alim lhese costs and bewfi. These ic.sues are c o d &  from the 
perspective of rhe Department of Energy's Uffxe of Eneqy Emergencies, with the goal of derennining 
if alterative or addirional roles should be open to thh OJiie. '17re appruach taken U linzired to the 
economic costs and benefa of energy s e c d y ,  repcting our view that the buUc of imporland e m q y  
security issues can at least be approached fmm this peyective. 

We be@ by dejruring a generic energy mwgency, one that can be appliecl to virimlly all energy 
form and which hdudes most circumrtances thut wouId commonIy be thought to wnstitute an 
emergemy. In w view an energy emergency resulrs fmm a sudien change in the quawity, madkt price, 
aruilor social value of energy, in combination wdh a d o m s t k  and/or worW wide enelxy system that 
cannot rapidly d j u  to that change. The &f&hra is carefulty stateti, because we do not believe lhat 
mitigating the impacts of sudt e v e m  ic always necmury, nur ihnt it Ls uniquety a governmental 
reJp0nribddy. In fact, the f m t   COWS^ in emeqencyprepamlness should always be to the private sector. 
Fun+hec if the private sector does not appear to adequately prepare, there must be just@cation before 
public a c h m  can be undertaken However, there are many varieties of sitwtwm whu:h can give rise 
to energy emergencies, and them are many masons why governmew should intervene to mitigate impacts 
of energy emergencies. 

In particuIar, government shmld deal with three different aspects of emergency enetgy activities. 
First, it shouti w d t i o n  the deciswn making environment by seeing that adequate infomation about 
enerz~y wndithm is available and thot riS own policyposdhn is clear. N a i ,  government dwuW evaluate 
the preparedness measwes w u k a a k n  by  he private sector. In doing governmen! sh& apply two 
measures -- ejJiiieruy and equity. In the e/Jiiiency meosm, it seeh to determine whether or not 
burinesses and consumem have aakquately assessed the tradeofls between the cumen! costs which must 
be accepted in mhnnge for uncertain f i m  benefm if an energy emergency occurs. In applying the 
equity maswe, government m t  satkfi itself that the b d n s  of un emrgeruy are not distributed 
unfady. ~ ~ t e ~ ,  pv- must try to integrate plicia that seek e r i k n c y  and equity into the 
context of national economic well being. I f  &e ussuull caused by the emexeruy i~ of s m N  consequence, 
inaction m y  mjJke. Finally, if if f i  private sector preparation to be imdeqwte, g o v e m w  h a y  
a variety of direct and d i rec t  meam with which to inlervene. One direct measure current& used i r  ihe 
buiwup and drawdown of the strategic petrokum mewe (SPR). Uthem irnclude contingency plans to 
o v e d e  market allocatbns &g warlime, as might be developed under the graduated mobilization 
r epme  (GMR). Indirect mans include a variety of &an.sfkr schenoRs lhat alter &siingprivate 
sector k e n t i v a  to prepam. Well conceived ~ ~ t a r y  a 

Apptying these tools k a separate matter. Pa may allow priees tu rise and markets fotres to 
auocate shortfa& or poliky m a y  call for government acdbns to oven& market aUocatwm. F h t  
recourse should always he to mark-el a k a t w m ,  b u ~  as a practical m t m  quify eflect.y will always be 
m W d  (IS prices rise. Policies in which g a v e m a  relk  totally on g0vmwnen.t allocations should 
be resewed for extraordinary cinrwnsances. 

vii 





1. INTRODUCTION 

The Office of Energy Emergencies (OEE) within the US. Department of Energy (DOE) is 
charged with providing expertise to formulate and evaluate polices that deal with energy emergencies. 
As part of its participation in the National Energy Strategy (NES) process, it has been reexamining 
the breadth and scope of its activities. In assisting OEE, the Oak Ridge National Laboratory 
(ORNL) has joined with Resources for the Future (RF'F) to assess the spectrum of energy 
emergencies within a conceptual framework and to discuss the role of OEE in promoting energy 
security. This document reports the findings of the ORNWRFF effort. 

Several objectives are pursued in this document. In Section 2, we develop a policy analysis 
framework which taxonomizes energy emergencies, relates these to the energy system, and describes 
how they are related to economic policy goals. We begin in Section 2.1 with a general definition of 
an energy emergency which is sufficiently broad to encompasses the full range of energy 
emergencies -- from oil disruptions, to natural disasters, to mobilization for war. The definition serves 
as a benchmark from which similarilies and differences among different types of energy emergencies 
can be identified and potential government actions can be evaluated. Next, in Section 2.2, we 
develop a representation of the energy system which can describe both its physical and behavioral 
attributes. It is used to identify points within the energy system at which emergencies can occur and 
the way in which emergcneics in one energy sector may affect or be dissipated by activities in other 
energy sectors. Section 2.3 identifies the range of constraints that can precipitate an emcrgency at 
various points in the system. Section 2.4 completes the dcvelopment of the analytical framework, by 
discussing how the economic policy goals which the nation pursues are affectcd by energy 
emergencies. 

The discussion in Section 3 turns to the options available for dealing with energy emergencies, 
the tradeoffs government must consider in defining its role in this process, and the arguments for and 
against government intervention. Section 3.1 examines the general options for makhg the energy 
system more resilient to the costs that typically accompany energy emergencies. These options can 
be pursued by either the government or the private sector. Section 3.2 addresses the role of 
government in promoting energy security. In that section we begin by reviewing the arguments for 
government intervention on grounds of economic efficienq and the equitable distribution of 
economic hardships. We follow with observations on the limitations of govcrnment actions. While 
in some cases government intervention is appropriate, intervention imposes its own costs and may 
duplicate or hinder private-sector activities. Govcrnment intervention cannot reduce the total costs 
imposed by an energy emergency below the level that would occur if markets workcd perfectly, 
though it can after the distribution of these costs among producing and consuming groups. 

The potential tradeoffs that may exist between energy security and environmental quality are 
addressed in Section 3.3. Frequently, the arguments favoring governmcnt intervention to protect the 
environment and to mitigate energy emergencies are similar, but their outcomes may be in conflict. 
The objective is to find win-win measures that promote both objectives, or at minimum to identify 
the tradeoffs that must be made. Where conflicts cannot be resolved, the magnitude of the tradeoff2 
must be measured to facilitate intelligent policy decisions. Finally, in Section 3.4, the arguments Cor 
and against intervention are reviewed and summarized. 
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Scctionr 4.8 draws on our experience with oil vulnerability to illustrate the types of cnergy 
security issues discuss in previous sections. We first review the evidence available from the past 20 
years and examine responses by government and business to past oil emergencies. Attention turns 
next to costs of oil disruptions that appear to have been thus far neglected and options for dealing 
with thcm. Particular attcntion is paid to the strategic petroleum reserve (SPR), because it i s  a major 
current policy response to past disruptions, and because of its relevance for events such as the 
IraqKuwait crisis. The: sections closes with a ~ ~ ~ C U S S ~ Q I I  of the international character of nil markets 
and the imprtance of intemationai mpcra t ion  in forming reasoned poii 

The report concludes in Section 5 with a. summary of the assessment, an oveavicw of the 
QEE, and a description of additional roles OEE could play in promoting energy security. That 
discussion seeks to bring together the general characteristics of encrgy emergencies and the optionis 
available in dealing with them with the limitations of government in promoting energy security. A l s o  
discussed are the neral charge of the QEE within DOE with the activities it currently pursues and 
does not pursue. It i s  eoneluded that additional roles arc open to QEE were it to pursuc them. 
These additional roles include: (1) expanding analytical activities regarding eneqgy vulnerabilities of 
all. lrinds and integrating into the analysis the role of the private sector in overcoming energy 
emergencies, (2) acting as an energy secilrity advocate within DOE by tracking R&D and policy 
initiatives by other offices and evaluating their impacts on energy security, and (3) bemming a 
stronger point of contact for other governmental and private groups seeking DOE data or technical 
expertise on matters of energy security. 

We further conclude that these tasks would be facilitated by the construction of an analytical 
framework that would allow OEE to focus attention on public/private sector interactions, the decision 
making environment in which energy emergency planning is conducted, the planning and analysis that 
underlies decisions, and the policies that implenient plans. It would permit economic efficiency and 
equity goals to be contrasted. Such a framework would push OEE toward additional economic 
analysis and build on existing strengths in emergency preparedness planning. These elements are 
discussed in further detail throughout the report, though the effort falls far short of providing a total 
framework. 
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2 AN EMERGY EMERGENCY POLICY ANALYSIS FlRANEwORK 

The purpose of this section is to provide a format for the remainder of the paper. It contains 
a description of energy emergencies, the points of the system at which emergencies can occur, the 
various causes of energy emergencies, and the impacts energy emergencies can have on economic 
policy goals. 

21. AN ENERGY EMERGENCY DEFINED 

For the purpose of this assessment, we define an energy emergency to result from a sudden 
change in the (1) quantity, (2) market price, and/or (2) social value of energy, in combination with 
a world and/or domestic energy system that cannot rapidly adjust or otherwise respond to that change. 
Sudden in this context also suggests that the change is unexpected, in the sense that the Liming of 
the change could not be known with any certainty. Moreover, in our terms the mere existence of 
an emergency does not necessarily call for government action. Such action must be based on an 
evaluation of the potcntial welfare losses that might result from the emergency and the inability of 
the private sector to deal with these losses efficiently or equitably. There are four aspects of our 
definition which determine if an event qualifies as an energy emergency. 

First, an energy emergency can be precipitated by a change in quantity of energy supplied, 
the market price at which is traded, and/or the value which society places on an energy product ovcr 
and above the price at which it is traded. A common misperception is that an energy emergency must 
be linked with a reduction in the quantity of energy supplied. Clearly, one sort of energy emergency 
occurs when a supply disruption leads either to shortfalls or a significant price jump, either or both 
of which can potcntially impose large economic costs. Altcrnatively, reductions in energy supply, in 
combination with a price ceiling that prevents energy prices from rising, can also lead to 
misallocations of resources and potentially to largc economic costs. It is not essential, however, that 
an energy emergency be linked to a change in quantity of energy supplied. As is discussed below, 
changes in, for example, market structure and expectations can lead to demand changes -- e.g., 
hoarding -- which may result in drastic changes in energy prices. 

Neither is it essential that an energy erncrgency be precipitated by either a large change in 
quantity supplied or market price. As will be discussed bclow, the market price of energy does not 
always reflect the true social valuc of energy. For example, when environmental costs are not borne 
by producers, they are not reflccted in the prices paid by consumers, but they are borne by third 
parties who suffer the affects of pollution or other social "bads." For our present purpose, we 
introduce the concept of a related externality, thc military security externality,' which causes market 

'When the nation is at war, the social value of scarce, strategic resources, such as fuel, clearly exceeds their market value 
during peacetime. This social value may or may not be reflected in market price, depending upon whetber or not public 
policy supports a market-oriented mobilization in which government bids up the price of fuels to obtain supplies, or a 
command system in which allocation and rationing occur. In the latter case, prices could be restrained by controls or other 
mechanisms, and social value would exceed market price. However, even during peacetime, there is a finite probability of 
war (or more precisely, of different states of military activity). The nation therefore places a premium on a secure supply 
of strategic fuels and values readily available fuels more than remote ones. As the state of the world changes, and the 
probability of conflict changes, this premium also changes, but the premium may of may not be reflected in market prices. 
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price to differ from social value. A large change in these and possibly other externalities can result 
in significant changes in the social value of energy and thus precipitate an ene emergency. Price 
and/or quantity of energy available for use do not necessarily have to change for the social value of 
energy to change. Significant changes in the social value of energy can call for emergency actions - 
- such as pollution abatement or preparations for military mobilization. These events are 
appropriately listed as energy emergencies. 

Secund, the definition suggests that a change in quantity, market price, and/or social value 
must be sudden. While we acknowledge that gradual changes in these variables may pose long-term 
problems -- e.g., ~ ~ S Q U F C X  depletion -- we suggest that those problems are fundamentally different 
than those that result from sudden changes. In particular, thc appropriate responses by the public 
and private sectors to long-run problems differ in terms of motivation and actions. I t  is true that 
long-term trends may affect the probability and/or consequcnm of energy emergencies in future time 
periods and, tlacrcfore, long-term trends are important to monitor. Further, in some cases it may be 
appropriate for government to promote certain long-term trends so as to reduce the probabilities 
and/or consquences of future energy emergencies We do not, however, subscribe to the notion that 
long-term trends in themselves constitute an energy emergency. 

Third, the definition does not limit energy emergencics to very short-term events, A short- 
term change in energy quantities, prices, and/or social value niay constitute an energy emergency. 
Likewise, a change that occuls suddenly and is maintained over the longer terrn may also be an 
energy emergency. When, or if, the change in quantity, price, and/or social value is rcvensed is of less 
importance than the fact that initial change owurs suddenly. 

Finally, a sudden change in quantity, price, and/or social valuc must occur in combination with 
a severe inability of the energy system, or important subgroups within the system, to adjljalst or 

se respond to that change. In other words, the change must be unanticipated in the sense 
that the systcm has not made reasoned preparation. It is a common misperccption about energy 
emergencies, and iridccd many emergencies, that the public sector can deal with the event in such 
a way that society hears no costs. In fact, the public and private sectors are limited in their abilities 
to rcspnd to any change, and trainsitional costs must be absorbed as a part of doing business in a 
complex interrelated society. If the energy system has correctly anticipated changes in quantities, 
prices, and/or social value and has made reasoned preparations the overall costs of the event will be 
minimized, and an energy emergency will not exist. What may exist i s  a "social crisis" in which 
subgroups of the population may bear disproportionate transitional cost, a situation we will discuss 
below. 

Private suppliers, feeling they would he unable to profit from extraordinary investments due to price controls or other 
government actions during war, might fail to respnd on the supply side, and military planners, heilieving they would somehow 
receive the fuels they need during conflict, would likewise neglect crisis preparations. When these conditions exist, market 
prim falls belaw social value, and the difference is a social premium which is termed the military security externality. Defined 
in this way, this concept provides a useful analytical tool. 
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2.2 THE us. ENERGY SYSIEM 

There are many ways to represent the U.S. energy system, each of which emphasizes different 
aspects of its technical and behavioral makeup. As has been explained, the OEE is concerned with 
identifying points of vulnerability resulting from rapidly occurring supply disruptions, price changes, 
and changes in energy's social value, while focusing attention on the ability of the system to 
accommodate these changes. At the same time it is useful to incorporate aspects of economic and 
engineering efficiency and potential environmental assaults within a systemic framework, because to 
be an integral part of DOE, QEE must be able to evaluatc the impacts of conservation, 
environmental policy and other DOE policies on its own energy security concerns. 

Fig. 1 provides a view of the U.S. energy system that incorporates most of these features. 
Primary energy resources appear on the left-most side and final demands on the right-most. Linking 
primary supply and demand are a series of steps that include primary conversion, storage and 
transport, electrical conversion, and distribution. One can deal with engineering efficiency by moving 
from the left to the right of the table, and recording this movement in physical terms, such as Btu's. 
Hence, coal may be converted to electricity with accompanying efficiency loss and then used in an 
electrical motor at no conversion loss, or it can be burned in an industrial boiler with accompanying 
loss. At any point, one can investigate the role of technology in effecting efficiency by comparing 
conversion losses or environmental loadings. A distinctive feature of the energy system is its capital 
intensity and the inflcxibility capital intcnsity implies. 

However, it is insuftlcient to view the energy system merely as a capital network, much like 
the body's circulatory system, in which raw energy services are pumped in at one side in aggregate 
form, disperse and co-mingle through a capillary-like system, and emerge at the far side as aggregate 
energy services. While valuable, such a representation fails to highlight that at each link and node, 
individual decision-making agents affect the conditions under which energy products will be bought 
and sold. These agents arc diverse in size, charactcr, and motivation, ranging from OPEC to domestic 
wildcatters, government regulators to union bargaining agents, and massive end users (e.g., DoD 
procurement) to individual households. These agents present the potential to generate a variety of 
circumstanccs that could disrupt the energy system. 

Economic efficiency is incorporated as a flow of dollars per unit cnergy, typically from the 
right portion of the table where final demands occur, to the left part where basic energy resources 
are supplied. Each node in the table can be viewed as a market, cha rac t e r id  by supply and demand 
conditions, and yielding market clearing quantities and priccs. These "prices" can be compared as 
marginal costs and can be thought of as the "competition" for other sorb of substitutable energy 
forms. Whereas Btu's incorporate the physical attribute of the energy type to do work, prices 
incorporate the additional costs (value added) associated with capital investment, labor, and other 
factor inputs. As we discuss below, decision makers also form expectations regarding risk and 
uncertainty and incorporate price premiums on top of direct marginal costs to reflect flcxibility in the 
energy system. When these premiums are incorporated into market prices, they are said to be 
internalized by the market and are simply referred to as private costs. In addition to the private 
marginal costs that the system generates as energy prices and which rcflcct private valuations of 
energy sources, social valuations may also be incorporated by adding price increments for 
environmental or energy security externalities. In this way, when the discussion turns to potential 
government policy alternatives, least cost solutions can bc compared. 
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These horizontal movements indicate the linear path energy products follow, from extraction to 
consumption, and can be used to highlight "softspots" in the energy systcm. As we discuss below, just 
what constitutes a softspot is usually not clear cut and is subject to considerablc interprctation. 
Reliance on imported oil may be considered prima facia evidence of vulnerability for some, while 
others would argue that inhcrcnt features of the energy system, such as an integrated world market 
for crude oil, offset this. Others would slate that the existence of a strategic petroleurn rescrve 
(SPR) offsets this vulnerability, while still others would argue that the existence of the SPR largely 
offsets private inventories that would have hecn held in its stead. Thus, the concept of vulnerability 
imbedded in our definition as a severe inability to adjust is subject to debate and ultimately 
government must serve as the final arbitrator. 

However, despite one's view of vulnerability, it is clear that wlncrability is reduced by an 
increased ability to substitute, albeit at additional cost. Substitution may occur at the left-most side 
if imported crude oil can he potentially replaced by domestic production or inventories, or at the 
right-most side where, €or example, electricity produced by Goal could substitute Cor oil in home 
heating. Practically, substitution is limilcd in the short run by capital rigidities, and by the constraints 
discussed in the following section, as well as by the marginal cask of enerLy forms in alternate uses. 
This leads to our concern for a sudden, rather than gradual, change as a component to our definition 
of an energy emergency, and an unanticipated rather than an anticipated one. If the change were 
gradual, one would expecl the private sector to accommodate it efficiently, and if it were relatively 
predictable, the added costs of flexibility would be accepted as a normal part of doing business. 
Typically, one would look to the government for assistance in extraordinary, rathcr than ordinary, 
circumstances. 

Each set of activities in Fig. 1 is connected by transportation modes and distribution modes. 
These may be supertankers, pipelines, trains, barges, or trucks for petroleum products or overhead 
and underground transmission/distribution networks for electricity. Like production facilities, these 
are capital intensive and Iorm a unique aspect of the physical vulnerability of the energy system. 

Finally, Fig. 1 can be used to indicate the sort oE data requirements inherent in vulnerability 
analysis. Following a path for crude oil from import stage through transport, refining, transporl, 
perhaps electrical generation, and to end use requires a good dcal of information. To this must be 
added data on alternatives and degrees of substitutability. As matters turn to policy analysis, private 
and social prices must be assessed and compared. Clearly, to do this for each and every potential 
vulnerability would be costly, so criteria must be developcd to judge priorities. 

As part of the National Energy Strategy (NESS process, the Department of Energy (DOE) 
prepared an extensive set of energy projections which could provide a point of departure for 
analyzing vulnerability. Although thcse projections are at a fairly aggregate level, they provide a basis 
Cor national energy planning. Table 1 isplays a few aspects of the energy projections relevant for 
crude petroleum and petroleum products (oil). 

Three fundamental kinds oC data can be used to place boundaries on petroleum issues. The 
upper part of Table 1 contrasts the quantity of oil in final cons~mption with those of other fuel 
sources. Oil makes up about 41 percent of energy ~ o n ~ ~ ~ ~ t ~ o ~  in 19% and i s  projected at about 37 
percent in 2010. Projections are based on input assumptions, and changes in these assumptions yield 
different views of the future. One im rtant assumption in energy analysis is the future cost of oil, 
and DOE recognizes this uncertainty by ofCering three projection series based on high, medium, and 
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Table 1. Energy comumption by prianary fuels (quadrillion Btu) 
_I 

Petrolcum Products 
Natural Gas 
Coal 
Nuclear 
Renewable/Other 

Total 

Ixpw Price 
Base case 
High Price 

1988 1998 2ooo 2010 

34.2 34.4 37.2 39.9 
18.6 19.2 23.6 22.8 
18.8 19.6 22.0 23.9 
5.7 5.9 6.2 6.5 
- 6.1 - 6.9 __. 8.5 10.3 

83.4 85.4 97.4 108.4 

Exhibit 1. Percent oil import by scenario 

40.6 48.9 64.4 72.1 
40.6 46,s 56.5 65.2 
40.6 44.7 51.1 59.1 

% 
Growth Rate 
( 1988-201 0) 

0.7 
0.9 
2.0 
0.6 
- 2.4 

1.2 

Exhibit 2, Source of petroleum (millions of barrels) 

U.S. ProductionDay 10.5 9.7 8.7 7.8 -1.3 

OPEC ProductionJBay 22.0 23.7 28.4 34.05 2.0 
World Consumptia?n/E)ay 64.2 66.4 69.1 70.0 0.4 

Strate.gic Reserve 580 750 

Source: Annual Emegg Outlook 199Q 
DOE/EL4-0383 (90) 
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low price assumptions, shown on Exhibit 1. Under all price assumptions the share of oil supplied by 
imports rises, with a range of 60 to 72 percent in 2010. Whether or not such a change contributes 
substantially to oil vulnerability is conditioned by many things, for example, the source o f the  imports 
and the status of domestic inventories. US. production is projected to decline somewhat (under the 
base scenario), and OPEC production to increase much more rapidly than world consumplion as a 
whole. The U.S. Strategic Petroleum Reserve (SPR) stands at 580 million barrels in 1990 and is 
expected to increase lo 750 in ZOOO, or about three months of imports. 

These data, with the physical representation of Fig. 1, illustrate the dimensions of oil 
vulnerability, though they contain only a portion of the data needed to study energy emergencies. 
Starting at the left-hand side of Fig. 1, the oil system is primarily susceptible to an import or 
production disruption or a severe relative price change. Inventories held in the SPW provide the 
primary public remedy, though, at any paint in the flow, one could potentially substitute a differcnt 
energy form for the reduced or more expensive oil. If substitution does not occur, the adjustment 
is made at the right-most side in reduced end use. The next important link in the oil sector is 
refining. b s  of a refinery places additional loads on other refineries and tests the ability of the 
transportation system, primarily pipelines, to secure the adjustment. Next, soft spots occur in oil-using 
electrical generation facilities. Here, substitution is possible in the form of electricity from other 
energy sources. Finally, at end use points, vulnerability can be generated by changes in inventory 
behavior (hoarding) and relieved by changes in energy use (such as carpooling). The ability to adjust 
to breakdowns in the system is conditioned by both physical rigidities (e.g., the ability to use more 
than one kind of fuel, to increase refining volumes, or the existence of pipelines with excess capacity) 
and the availability of fuel substitutes. Hence, for disrupted fuels consumed in large quantities, the 
sheer availability of fuel substitutes may be an ultimate limitation. 

T h i s  section has illustrated the physical aspects of the energy system, focusing on oil as a 
particular source of vulnerability. In the following section, we extend this by examining a taxonomy 
of emergency types. These place physical constraints in proper perspcctivve with other Gonstraints 
which contribute to energy emergencies. 

The schematic presented in the revious section described the various paints at which 
constraints can occur, how different energy sectors are interrelated, and how emergencies in one 
energy sector may affect and may be dissipated by other cncrgy sectors. In this section, we discuss 
the various types of events that may lead to sudden changes in quantity, market price, and/or social 
value at various points in the energy system. In particular, we examine five types of cvents -- 
technical constraints, changes in economic structure, changes in external political conditions, shifts 
in regulatory and institutional constraints, and suddcn changes in the externalities associated with the 
production and/or use of cnergy. 
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Technical constraints occur as a result of the rigidities and fragilities of the capital stock and 
embedded in it and can occur at ally point in the energy system. They W U T  when on6 
crgy system fails and other parts, due to capacity limitations or other constraints, are 

unable to accnrnmodate the nemsary changes. Transportation networks provide a useful example 
of the interrelatedness of the system. For instan a crude oil or refined products pipeline failure 
or a failure in a major electricity transportation n ork could lead to significant quantity reductions 
in affected regions, if alternative delivery routes Id not be secured. Alternative routes could hg: 
made unavailable by a variety of the constraints discussed in this section, from capital capacity to 
regulation. Technical transportation constraints csuld be precipitated by a number of causes, for 

isasters, terrorism, or a catastrophic failure of the transportation technology -- such 
h e .  In the schematic of Fig. 1, direct technical constraints can be approximated 
ns, but must ultimately be examined as a market response. As first approximation, 

one might ask how mmch production or product is last through the technical failure. However, 
complete analysis requires examining the market-driven adjustments that occur as the market 
reallocated fuels to their highest a d best uses, given increases in relative prices. 

A technical failure in one part of the systcm can also be passed along to other parts of 
energy system. For example, the failure of a major refinery complex or powcr station in one reg 
leads decision makers in other regions &I modiFy their expectations about the technology's reliability, 
and the problem may thus be transferred, Similar problems could result from an a c ~ ~ w ~ ~ ~ ~ e d  
failure of a major developmental energy system. For example, failure of advanced oil recovery 

gies could significantly alter the recoverable reserves of petroleum. New technological 
e or tbc potential for it can precipitate large price increases or decreases unrelated to 

current physical energy relationships. The recent "jitters" in energy markets that accompanied the 
potential for "cold" fusion are suggestive of bow market expeetations and prices are linked to 
potentially large changes in technical constraints. These expectational changes in the system are 
reflected in the subjwtivc premiums that decision makers add to production costs to reflect 
uncertainty and risk. 

232 GE.3 N 

At each link and node in the energy system, buyers a d sellers DOSSRSS different amou ts s f  
market power; that is, they can exert different amounts of influence 0; the quantities and p r i m  of 
marketed enqgy products. These differences in power are described as differences in market 
structure, Le., the degree to which the market lis competitive, oligopolistic, or monopolistic, and the 
degree to which the market is regulated.* 

-- - 

*In a competitive market there are many buyers and sellers, none of which is individually large enough to exert control 
over market prices. In a m o n o p o l i s t i c - o i o r n o ~ ~ ~ ~ ~ ~ ~  market, there is only one buyer and one seller, each of which has .some 
control over market prices. In an oligo~olistic-oligop~is~~c market, there are a few buyers and a few sellers, which vie for 
and interact mer varying and often unstable degrees of market price control. 
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]Each market structure can be ana€yzed through a corresponding supply and demand structure, 
which in turn permits predicting the level and behavior of market prices and quantities. In the case 
of a competitive market, the quantity produced and consumed and the equilibrium price are uniquely 
determined. By contrast, in a bilateral monopoly -- Le., a monopolist and a monopsonist -- the two 
sides bargain over quantity and price. The equilibrium price for a particular agreed upon quantity 
is, however, not uniquely determined and depends on the bargaining power of the two sides. A 
movement from one market structure to another, which may simply be a change in bargaining power 
within a noncompetitive market structure, can result in altered market p r im.  In those cases where 
the energy resource has a large rent component, the diffcrences in prices can be large.3 Changes 
in market structure can be shown in Fig. 1 as changes in the supply and/or demand curves at the node 
in which the change occurred. For example, if a supplier gained a degree of market power, an 
attempt to raise prices might be made. The success of this move, and the distribution of its impacts, 
is related to the relative market powers of purchasers of the product. 

233. CHANGES IN EXTERNAL POLITICAL CQNDITIONS 

Decision making agents, particularly national governments, often include non-economic 
arguments in their objective functions, which can change with changing political conditions. 
Significant changes in political conditions in counlries that are major suppliers or demanders of 
energy can alter encrgy quantities produced and consumed and expectations about future energy 
prices. Political objectives may dictate that actions deviate from those suggested by purely economic 
conditions. 

Supply embargoes and military conflicts are of primary concern. Although the politically 
motivated oil embargoes of the past two decades have had only negligible effects on ihe availability 
of petroleum, the threat of effective embargoes must be considered. Embargoes may also be realistic 
concerns in other energy markets, such as natural gas. Military conflicts, such as the XranDraq War, 
pose a more serious concern. War can lead to disruptions of production and/or transportation that 
can alter quantity suppiicd and spur the dcmand for private energy stocks. Sometimes the roles are 
reversed, as in the United Nations embargo imposed on Iraq following its invasion of Kuwait. In this 
case, it was largely through the efforts of oil importing countries that an embargo was effected. 

Supply disruptions due to political changes are treated in Fig. 1 much like other forms of 
supply disruption. It is, however, noteworthy that changes in political conditions are highly uncertain 
and difficult to forecast. When they do occur, the mixed motivations of the participants may trigger 
significant expectational changes as risk premiums to account for the new uncertainty are added. For 
example, the move by Iraq against Kuwait triggered rapid price increases at the gas pumps which were 
only weakly related to physical changes, but which reflectcd the increased uncertainty in world oil 
markets and led to inventory building. 

%he price or cost of any raw material, including energy resources, IS composed of two elements - the mt of exlraction 
and processing and the value of the resource in Situ (that is, in the ground). The cost of the resource in situ is often called 
rent and is a function of the scarcity of the resource. The prices of resources that are not scarce, such as Ocean water, 
contain very small rent components. 'he prices of resources that are scarce, such as petroleum, carry a large rent component. 
Changes in the structure of the energy market can significantly alter the availability of resources for production at the current 
time and/or expectations about future resource availability. These changes in resource scarcity can, in turn, lead to changes 
in rents and thus changes in energy prices. 



Regulatory constraints limit the private sector and possibly government from responding to 
energy emergencies in three specific ways. First, thcy place boundaries on economic behavior, in 
the sense that they proscribe certain types of price and other changes. Because markets provide 
information and incentives through price changes, the ability of the market to respond can be 
significantly reduced. Second, regulations provide an economic backdrop against which economic 
development occurs. Thus, rate of return regulation may influence the type and character of capital 
stocks, and may provide an expectation that the regulated sector is somehow insulated from energy 
emergencies. Government involvement in economic sectors that falls short of regulation may also 
lead to calls for markct interference during an emergency. For example, farmers who are highly 
dependent on liquid petroleum fuels on tight production schedules typically do not stockpile because 
they believe that in an emergency, fuels will be allocated to their sector. Third, regulations introduce 
a degree of uncertainty, because they are subject to review and change, often in ways that can lead 
to abrupt changes in operating environment, Each of these three effects can either cause sudden 
swings in energy prices or quantitics, can set preconditions that make these swings more likely and/or 
pronounced, or can reduce private incentive for self protection. Ilie general effect of regulations is 
to reduce flexibility. Reductions in regulations tend to increase flexibility. Thus, oil deregulation and 
reductions in gas and electricity regulation tend to make the system more resilient to shocks- 

Institutional constraints can also lead to sudden and large changes in energy quantity and 
price. Coal miners, for example, choose contract dates that occur in period of high demand for coal 
to place additional pressures on mine managers to settle quickly. If talks break down or strikes occur, 
disruptions are therefore magnified, The potential for these actions, such as an impeaiding contract 
negotiation, typically also a€€ects expectations about future energy markets and can therefore result 
in energy price and quantity changes. 

2 3 5 .  SUDDEN IN m r  Ass WITH RCY 
PRODUCIT SE 

As was discussed above, energy market prices contain information on the marginal costs of 
resources and other factors of production, on expectations about Euture conditions, and on 

self-insurance premiums to promote flexibility. There are also costs, termed externalities, that are 
not reflected in market prices. An externality can be defined as either a cost o r  benefit that results 
from the production or use of a good or service that is borne by individuals or  firms not directly 
involved in either the production or use of that good or service. When an externality exists, the price 
negotiated for the good or service does not take into consideration the external benefits or costs, and 
the market prim of the good or senice does not reflect true social value. 

External costs and benefits can take various forms. With respect to ener , two externalities 
are of particular importance external environmental. costs associated with the production and/or 
use of energy, and external military-security benefits derived from the use or the potential use of 
energy. When environmental externalities or military-security externalities change suddenly and 
severely, or when there is a public acknowledgement that those externalities have, in fact, changed, 
the social value of energy changcs. A sharp and sudden change in the social value of energy, in 
combination with an inability to adjust rapidly to the altered environmental o r  military-security 
externalities, can constitute an energy emergency. 
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With respect to environmental externalities, an energy emergency is more likely to result Crom 
the public acknowledgement that a significant externality exists. The Three-Mile Island incident is 
an example of public acknowledgement of potential environmental externalities associated with 
nuclear power. The current controversy about fossil fuels and the production of carbon dioxide and 
acid rain is another example. In these cases, the actual externalities associated with the production 
and use of these energy types did not change. Rather, new information became available which 
allowed the public to revise its assessment of associated environmental externalities. This revaluation 
of potential environmental harm can lead to regulatory actions that either directly limit the quantities 
of some forms of energy or, alternatively, impose taxes or technological restrictions on the production 
and use of some types oC energy such that energy prices increase sharply and suddenly. The 
dislocations that result can impose large economic costs.' 

The social value of energy used or potentially used in military applications, and thus the 
military-security externality, can change suddenly and drastically if the threat of military actions against 
the United States or our allies changes suddenly and drastically. The military traditionally recognizes 
a current state of the world and a series of probablistic states of the world which may escalate toward 
war. For example, a current state might be typical business as usual conditions; heightened tensions 
might include political unrest between an ally and an adversary; and a state of war might exist as 
hostile movements across borders take place. In recognition of these alternative states, the DOD has 
developed the defense conditions (DEFCONS) and more recently a set of industrial conditions, 
referred to as the Graduated Mobilization Response (GMR), intended to allow the economy to 
"ramp up" gradually in the face of a changing state of the world. The value to the military is the 
expected value of utility from purchases in each of these states multiplied times the probability of that 
state. Thus, the expected value of fuel is higher to the military than its peacctime market price, with 
the difference being the military-security externality. This externality, or premium, can change 
markedly in response to changing world conditions, with little or no affect on market prices? 

Finally, some analysts include a third externality, that of information. Because of economies 
of scale in information collection, individuals frequently undercollect data if left on their own. Also, 
individuals who do collect data usually have difficulties in appropriating the full benefits of their 
efforts, i.e., in marketing it so as to recover costs fully. Both of thcsc effects rcsult in the private 
sector producing a smaller body of data than would be optimal. Other analysts treat information in 

%conomic analysis of external m t s ,  as occur when firms do not pay for environmental cleanup or damage, are generally 
modelled as a supply premium. In Fig.1, this would be shown as a shift upward at the suppty node whcre the externality 
occurs. The classical result which comes out of such an analysis is that when external cosls are not paid, the market price 
is too low, resulting in too large a quantity of prduction. If the firm is required to pay the cost, the supply curve shifts 
upward, prices rise and output ir reduced. 

'Military-security externalities can be modelled on Fig.1 as a demand premium, much as environmental externalities can 
be modelled as a mt premium. Under such an analysis, one might conclude that more energy should be produced at a 
higher price. However, it is not clear that in the event of a military emergency, the government would choose a market 
approach Lo obtaining energy products, Le., going into the market and bidding up prices. Instead, an allmation approach 
might be taken, which, during a conflict, could be shown on Fig.1 as a reduction in petroleum product supply available to 
final purchasers. In response to this reduction, prices would began to rise, energy forms would be substituted for the 
unavailable petroleum product, and a new market equilibrium would be generated. However, during some periods in U.S. 
history, such price increases have been deemed unacceptable, and government has chosen to impose allocation systems on 
the private sector to avoid subjecting certain consumer groups to rapidly rising pries. The impacts o f  all of this are complex, 
but could be approached using the format of Fig.1. 
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tandem with uncertainty, focusing on the ability of information to reduce uncertainty, and on market 
distortions that accrue to information asymmetries in bargaining situations. We discuss the 
importance of information provision as an OEE function further below. 

To bring closure to our policy framework, it is useful to pose the question, what differences 
emergencies make, and how are these differences at odds with society's economic goals? 

This question can best be pursued in two parts, use society is  usually viewed as seeking bo 
achieve, and if not achieve then balance, eft% and equity goals. Efficiency is defined by 
economists to mean obtaining a maximum real value of output over time for a given value of resource 
inputs. Equity is defined in terms of social justice that is associated with the distribution of output 
among the members of society. Efficiency and equity are frequently viewed as a tradeoff -- how much 
efficiency must be sacrificed to achieve a reasonably equitable outconie and vice versa? 

These goals are pursued through the interworkings of the private and public sectors, but the 
private sector is typically viewed as the engine of efficiency, while the public sector retains 
responsibility for monitoring cquity concerns. As an example, most studies of economic efficiency, 
as we do below, proceed from a perfectly functioning private economy, examine those instances where 
the market Fails to meet efficiency criteria, and reserve for possible government intervention only 
those cases where private enterprise fails. Few expect business to concern itsel€ with matters of 
income distribution, so there i s  little debate over the government's claim to equity policies, 

Given our criteria for an m e r  emergency -_ rapid change in prices, quantities supplied, or 
social value of energy commodities that are fundamental to thc way we live -- the tradeof€ between 
efficiency and equity is quite clear, Without government intcrfcrencc, the private sector will assess 
the benefits and costs from preparing for an energy emergency, make preparations bascd on 
expectations of an emergency occurring and the costs it would impart, and invest or not invest to 
reduce vulnerability accordingly. Were an emergency to occur, the market would ration fuels using 
the price mechanism, and those willing and/or able to pay the higher prices would prevail. This a u l d  
be an efficient outcome. Were government to conclude that market Forces led to inadequate 
preparations, it could supplemcnt these, and again, rely on thc price mechanism to gcnerate 
efficiency. IIoweverp such efficiency may exact a severe cost on groups unablc to meet the new 
higher prices -- costs that rangc from inconvenience to danger to life and limb. Even for those able 
to pay higher prices at some sacrifice, personal costs from rapid adjustments may be severe. Thus, 
there i s  pressure for government to intervcnc by overriding the price increases and resultant 
outcomes. 

The difficulty with such intervention is ~i~~-fo'sld: unless there is a market failure, interfering 
with market-based outcomes both allocates energy supplies away from their mast efficient uses and 
sends a message to the private sector that optimal levels of preparation will be pcnalized. Thus, to 
the degree the private sector anticipates excessive public intervention, and fails to prepare, a greater 
responsibility far preparation is visited upon government. It is possible to conclude from this that the 
role of government in dealing with emergencies should be tninimizcd. 
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However, government is already heavily involved in energy markets, and it may be expected 
that government will expand its role when emergency conditions arise. In the following section, we 
examine the options open to the economy for promoting economic goals, the role government can 
play in this effort, and the tradeoffs that must be recognized between the objectives of emergency 
policy and other government responsibilities, particularly environmental policies. Throughout this 
discussion, we retain a primary focus on preparation and an  economic efficiency, but point out the 
important role equity considerations play as emergencies actually unfold. 
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3. OFTIONS, TRADEOFFS, AND THE ROLE OF GOVERNMENT IN ENERGY 
EMERGENCYPLANNING 

The previous section concluded that there are two basic aspects to emergency energy policy - 
- planning and implementation -- that there are two actors -- the private sector and the public sector 
-- and there are two bases for policy -- equity and efficiency. This section builds on this format by 
presenting the options open for energy emergency activities, outlining what government can and 
cannot do, and indicating the nature of policy tradeoffs between energy emergency and other energy- 
related goals. 

3.1. MAKING THE ENERGY SYSTEM MORE RESILiENT Txy) ENERGY ENERGENCIES 

As has been discussed, private producers and purchasers of energy products at each link and 
node of the energy system carry out transactions that determine the prices and quantities at which 
these products are traded. In this process private agents form expectations about the likelihood and 
nature of disturbances that may affect their business environment and make decisions as to "self 
insurance" to protect themselves. Likewise, the government makes decisions to protect socictal 
interests, such as national defense and economic stability. One aspect of both public and private 
decisions is to invest in what we have described as flexibility -- the ability to substitute one energy 
product for another in production or use, thcreby overcoming thc natural incrtia imparted by the 
system's capital intensity. A second aspect would be to hold larger than normal inventories. These 
actions add to costs during normal business conditions and reduce costs during emergencies, and 
result in an increase in efficiency. The private sector would naturally undertake those measures that 
were in its interest, and the government should undertake those measures that are in society's interest 
but are ignored by the private sector. In addition, the government can engage in contingency 
planning which has as its goal a set of institutionalized procedures that override market forces. These 
could be implemented during war or during other periods of duress. 

3.1.1. FLExIBIL;TTy ON THE SUPPLY AND DEMAND SIDES 

Planning for and implementing flexibility measures must occur before the onset of an actual 
energy emergency and have as their objective increasing the efficiency of the energy system, by 
incurring additional costs while circumstances are normal to reduce costs during an emergency. The 
difficulty is that expected costs and benefits must be balanced within an extremely complex system 
in which a variety of governmental and non-governmental programs can distort incentives, Flexibility 
planning also is predicated on assumptions about the sorts of actions which will be taken by 
government during an actual emcrgency. Thus, government contingency plans will be taken into 
account by the private sector when considering their own flexibility investments. 
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Surge production capacity refers to the abiiity of energy producers to quickly bring on-line 
additional capacity that WQUICJ otherwise remain unused. For example, capping oil and natural gas 
wells that cannot be operated competitively at current prices can be capped in such a way that they 
could bc put into production very quickly if prices escalate. Excess electricity production capacity and 
transmission capacity are other examples, I n  general, the capital intensity of the energy system tends 
to put natural bounds on excess capacity, and these bounds can be overcome only at additional cost, 

Although the exact impact of these prepnr tiom will differ from application to application, 
they are essentially producer activities that incre e supply. For example, capping wells will add 
somewhat to cumeiit costs, but will make more crude available at higher costs, than was previously 
truem6 In other instances, more pervasive shifts in casts could occur, as when expensive capital 

t k put into place. 

Flexible production and transportation capacities refer to the capabilities of the energy system 
and the economy in general to makc adjustments in the transport of energy comm 
These may compleinent or substitute for surge production capacity depending on the circumstances. 
For example, a sudden bottleneck in a major oil pipeline on the west coast of the 1J.S. may call for 
additional oil to be shipped from the east coast to the west mast. The capabilities of the 
transportation network to accommodate these changcs will determine, in part, the severity of the 
event. In another example, a disruption in the importation of light, low-sulfur crude 
thc additional use of heavy, high-sulfur crude. The degrcc to which existing refinery capacity can 
accommodate an altered crude mix may be crucial in determining the overall impacts of the event. 

Fuel-switching capacity refers to the capabilities of energy consumers to switcb from one fuel 
to another. In a broader sense, fuel-switching capacity can also refer to the potential for substituting 
other inputs for energy -- is.,  capital, labor, or materials. Should the quantity of a fuel be 
constrained or the relative price of a fuel incrcase sharply, fuel-switching capacity allows adjustments 
to take place more quickly, and economic dislocations to be avoided. This is a demand side measure 
which essentially reduces the slope of the dcmand cuwe for energy at the expense of an increase in 
the cost of supplying the final energy service. 

‘In general, investments in surge capacity inereax the cast of current. production minewhat, but would make it p i b l e  
to produce at Bevels which exceed the capcity that existed prior to the investment* Capacity could be shown as a portion 
of the firm’s supply is ked,  Le., even at higher prices additional production could not take place rapidly. Aftcr the 
investment, this boundary condition would be moved outward. 
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3.1.1.4, Institutional and Regulatory I;lstibilty 

To the degree that institutional and regulatory constraints prevent the market from adjusting 
to sudden changes in quantity and/or prices, the costs of an energy emergency become more severe. 
Eliminating or reducing those constraints prior to an energy emergency promotes flexibility in the 
energy system and can complement other energy-security measures -- Le., surge-production capacity, 
flexible production and transportation capacities, and fuel-switching capacity. However, planning to 
achieve flexibility is far from automatic. For example, regulatory plans for electricity wheeling in the 
event of an emergency promotes transportation flexibility, whereas allotment schemes to protect 
preexisting shares may reduce it. The elimination of rigid gas and electricity pricing schemes 
promotes the use of surge production capacity if the marginal costs of relatively expensive increments 
of production can be recaptured. Inflexible long-term contracts for energy may hinder both the surge 
production of energy as well as the reallocation of available energy resources. Contracts providing 
for intemptable or reduced service and/or the ability to recontract enhanced flexibility. 

An alternative to preparing to adjust lo the new quantity/price conditions imposed during an 
emergency is to maintain stockpiles or excess inventories of energy products. Commonly, inventory 
behavior is a private sector activity, but private stocks may be smaller than socially desirable when 
there are costs from a disruption that cannot be internalized by the private sector. These external 
costs give rise to the need for a public stockpile. These stocks can serve two general purposes. First, 
both public and private stocks can be accumulated during normal time periods and released when a 
sudden change in energy quantities and/or prices occurs. The additional supplies from stocks can 
diminish or eliminate a temporary energy price spike associated with a short-term event. Second, the 
release of stockpiles during an emergency can reduce energy prices and thus facilitate a slower and 
potentially less costly adjustment path to the ncw conditions imposed by the emergency. The 
stockpile may, therefore, allow the energy system to overcome or minimize the effects of temporary 
emergencies or, alternatively, reduce the cost of adjusting to new and potentially long-term market 
conditions. Private inventory behavior can follow identical lines, or, by responding after expectations 
of an emergency are formed, can take the form of hoarding and thus be destabilizing. 

Unfortunately, the accumulation and maintenance of a government stockpile imposes costs 
of various types. Private inventory costs are similar, but are borne by the private sector and result 
from decisions by a large number of individual agents, who in the aggregate hold larger amounts of 
stocks than the public sector. Conversely, the existence of a public stockpile reduces the incentive 
for the private sector to maintain security-related inventories, because expected profits could be 
wiped out as the release of the national stockpile drives down prices. As with maintaining flexibility, 
the objective is to balance the expected costs and benefits of the stockpile to arrive at not only the 
optimal stockpile level as a preparedness measure, but also the optimal implementation mix of 
measures (inclusive of stocks and adjustment mechanisms) to respond to energy emergencies in a way 
that does not encourage destabilizing behavior on the part of the private sector. 
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3-13. CQ 

The measures discussed thus far are planning measures which are predicated on the existence 
of a freely functioning energy market during an ener emergency. There are also circumstances in 
which the governmcnt implements plans to overrid he market mechanism to obtain some high 
priority objective. In these cases, it i s  typically argued that interruption is justified, because the 
adjustment costs of price increases override the efficiency gains of a free market. Military 
mobilization is an cxample of such a priority ne 
plans. Mobilization will require the reallocation of resources from the private s 
sector, a process that could be accomplished either by purchase (bidding energy away from the private 
sector) or by allocation. Currently, the DoD and the Federal government are revising plans €or 
mobilization in a transition from the general powcrs of the Defense Production Act to a more 
considered transition through the graduated mobiliaation response (GMR). Under GMR there is 
a gradual increase in the social value plamd on material production which is reflected in reducing 
regulatory and institutional constraints and increasing the potential command control of the Federal 
government over the economy. B e y ~ n d  this gcneral approach, the toois available for military 
mntingency planning are the same as those available to the rivate sector, e.g., flexibility, surge: 
capacity, inventories, and stockpiles. 

for which the US. has devel 

One can analyze the impacts of contingency allocations, rather than market allocations, using 
thc national security externality concept develope above. By estimating the probability of conflict, 
producers or the government could estimate the likely price incrcases that would occur during a 
market-based mobilization (shown as a shift in demand) and compare them with a reallocation (shown 
as a shift in supply). 

Thus far, we have asserted that there are occasions when government is justified in 
intervening in market outcomes to improve the efficieticy and/or equity with which the energy system 
performs during emergencies. In this section, we concentrate on criteria for cvaluating govcrnment 
interference, with particular emphasis on economic e€ficiency. As has bccn suggested above, the 
private sector is typically credited with generating efficient economic outcomes, provided certain, 
admittedly restrictive, criteria are met. Much of economic theory is devoted to identifying the 
particular circumstances in which thcsc criteria are met and efficiency is achieved. It can also be 
show that the private sector, operating under these same restrictive conditions, will generate an 
efficient response to emergencies. Unfortunately, if "market failures" cxist, the private sector's 
response to the thrcat of energy emergcncies is not efficient -- Le., the private sector will not 
operate in a way that minimizes total costs, inclusive of social costs. Three market failures are 
particularly important to the discussion of energy emergencies -- externalities (environmental and 
military security), failures with respect to information and uncertainty, and monopoly/monopsrany 
(non-competitive) markets- When these breakdams are present, government intcrvention to 
promote energy security .-- Le., actions that reduce the expected cost of sudden changes in energy 
quantity, prices, and/or social value -- can be argued for on efficiency grounds. 
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The second general argument for government involvement in energy emergencies is to deal 
with equity concern, that is, to prevent selected subgroups in the economy from bearing 
disproportionate costs. The criteria by which government carries out these activities are somewhat 
harder to state than the efficiency criteria because they are based on value judgements. Moreover, 
when efficiency is sacrificed in the interests of equity, equity goals are harder to achieve. Income 
redistribution is more difficult when lower levels of income prevail. 

321.1. Externalities 

Externalities are defined in Section 2.3.5. Externalities constitute a market failure because 
the market price at which a product is traded, and upon which private sector agents base their 
decisions, does not take into consideration the external costs or  benefits that accrue to individuals 
or firms whether or not they are directly involved in that transaction. In some cases, government 
intervention is suggested to correct the price of the product, so that the price covers all costs and 
benefits, inclusive of externalities. 

Military-security externalities occur when the probability of increasing energy demands to meet 
national security needs lead to a social benefit function (demand function) for energy that exceeds 
the private demand function. If producers believe that the government will follow a market-based 
mobilization, they would increase investments in flexible production techniques or inventories as they 
perceive changes in this externality. To the extent they believe that forced allocations rather than 
market allocations will be imposed during a mobilization, they will underinvest, a market failure will 
occur because of insufficient incentive. 

The military security externality is based on events that may or may not occur and can be paid 
at the time they occur through a large cost increment or in smallcr increments in the form of 
preparedness measures in advance of the events. In fact, virtually each form of market failure which 
increases vulnerability can be stated in this way, though at the current time information on non- 
petroleum vulnerabilities is quite sparse. 

3 2 1 2  Failures with Respect to Information and Uncertainty 

The second type of market imperfection -- failures with respect to information and uncertainty 
-- is present to some extent in all markets. Under conceptually-perfect market conditions, all 
producers and consumers must have perfect information about their markets, or in those cases where 
perfect information does not exist, all producers and consumers must be able to take actions to 
protect themsclves against thc risks that result from the lack of information. There are three general 
categories of risks -- market, technological, and regulatory. When there is little information, when 
the information available is of poor quality, and when insurance cannot be purchased, a market 
imperfection exists. In those cases where the potential social benefits are large, government 
intervention is, in general, called for lo correct the imperfection by promoting research and 
development, by facilitating the quality and flow of information, and by providing a stable, consistent, 
and well-defined regulatory environment. 
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The collection of information is costly, subject to economies of scale, and duplicative, and the 
For many years full benefits are typically non-appropriable if carried out by individual firms. 

pplied information on ener and energy-related activities that has h 
lic decision makers. 

Finally, a strang argument can be made that the risks faced by firms contemplating efforts to 
minimize the effects of sudden changes in energy quantities, prices, and/or social cast are currently 
large relative to other investments those firms might make. Givvcn that t tential social benefits 
from making the encqy system more resilient to shocks may br: large, government has 8 role to play 
in reducing these risks either directly or indirectly. 

Monopsony p w e a  occurs when a buyer of a go or service is sufficiently large to have 
latitude in f img the p r i e  of the good or sewice. Like m opoly power, which suggests prim fixing 
capabilities on the supply side, nmonspsony power tes a market failure. However, unlike thc 
previously mentioned market failures which su government involvement to correct or 
compensate far the effects of the failure, monopsony powcr on the part of' the US. riiarket is an 
opportunity to callectively decrese quantity demanded and thus exert downward pressures on world 

Monopsony power bas k c n  linked most often to petroleum markets, Most of us are aware 
of the monopoly or, more correctly, oligopoly power exercised by OPEC. By controlling output, 
OPEC can partially control the price reccived for its crude oil and refined products. We are less 
familiar with the potential collective buying cr on thc part of large consumers, such as the IJnited 
Statcs or the OECD. By collectively controlling demand with tariffs, or by providing subsidies to 
domestic production, large consumers can influence the price they pay. The consumers power to 
affect prices has been referred to as the t tmon~p~ony wedge" or the "buying-power wedge." 

Government intervention can be argued for on the basis of collectively reducing demand for 
imported energy and therefore reducing thc world and thus domestic price of ene 
that lower imports imply less wdnerahility to supply disruptions, the exercise of 
can improve encrffiY security. The exercise or threat of exercising monopsony power may also be 
effectivc in countering economic and political objectives of producing countries that may lead to 
sudden changes in ener quantities andtor prices. 

In those eases where market failures can be shown to exist, government has a responsibility 
to delermine whether intervention can improve overall economic efficiency. In Section 3.1 of' this 
report three general methods were described to make the encrgy system more resilient to sudden 
change in energy quantities, prices, and/or social value. Those methods were improving flexibility 
on the supply and demand s id~s  and stcxkpiling. Government can promote one or more of these 
general options either directly (ea;., government stockpiling) or indirectly (e.g., adopting tax or subsidy 
plickcs that encourage hell-switching capacity). While the need for specific actions depends on the 
particular energy sector and the spwifk market failures faced by that scctor, the following general 
measures offer a range of potential government programs. 
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3221.  DirectMeasures 

Government can directly intervene to provide one or more general measures. The SPR has 
received the most attention financially and analytically. The need for government stockpiles has been 
argued for on the basis of the three market failures mentioned in the previous subsection -- Le., the 
military security externality, failures with respect to information and uncertainty, and monopsony 
power. If there is reason to believe that private firms do not take externalities into consideration 
when making decisions about stock levels, government stockpiles may be used. In addition, 
stockpiles of individuals are not large enough to exercise monopsony powers. Direct public-sector 
intervention to coordinate the use of stocks or other measures as a nation or in conjunction with 
other nations may be called for in certain cases to exercise monopsony powers. 

A second use of direct measures occurs when government overrides market outcomes to 
allocate energy products directly to end uses. This could occur as a result of military intervention, 
or out of a desire to achieve an equity objective. These interventions are usually recorded in 
contingency plans, such as for mobilization or for such critical energy needs as home heating oil. 

Government can also intervene directly to promote flexibility in its own segment of the energy 
system. Surge production capacity from government reserves, flexible production and transportation 
capacities, and fuel-switching capacities make the public sector's segment of the total energy system 
more resilient to energy emergencies. This is particularly important from a military security 
perspective where firms have little incentive to stockpile, fearing reallocations or price controls during 
times of conflict. 

3222 Indirect Measures 

In addition to directly providing measures or mandating that the private sector take actions, 
government can put various indirect incentives in place to encourage appropriate private sector 
actions. Various tax and subsidy incentives can be used to encourage the accumulation and use of 
stocks, surge production capacity, flexible production and transportation capacities, and fuel-switching 
capacities. Private sector decision making can be facilitated by the provision of information by 
government agencies concerning the probabilities and likely impacts of events that might prccipitate 
an energy emergency. Government sponsored R&D may provide new technologies that offer greater 
flexibilitics when energy prices and/or quantities change suddenly. The enactment of government 
regulations that are clear in their purposes and provisions and which allow maximurn flexibility in 
terms of energy flows and rclative prices reduces the regulatory risks faced by private sector players. 

Another set of indirect measures has to do with the macroeconomic costs of energy 
emergencies. In some cases, government measures may be needed to address the effects of energy 
emergencies on aggregate demand. Since wages in the macroeconomy do not adjust instantaneously 
to changes in energy prices, the adjustment process may involve a period of increased inflation and 
unemployment. The failure to adjust quickly will result in aggregate output "- Le., the output of the 
total economy -- falling short of its long-run potential. It has been argued that discretionary monetary 
policy, despite its potential impact of worsening inflation, is the most direct and appropriate 
countermeasure to sudden changes in energy prices. 
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There is a fundamental. l h i t  on the degree to which government actions in response to energy 
emergencies can rcduce overall economic lows. For example, a higher cost of oil cannot be offset 
for the economy as a whole. In fact, were the market to correctly anticipate the emergency and 
correctly take ameliorative steps, there would be no need for further government action to achieve 
efficiency goals. In this semse, the effectiveness of the marketplace sets a limit on the effectiveness 
of government. Of course, in the pursuit of equity goals government can always act to redistribute 
the impacts of the emergency. In doing so, it can hold certain groups harmless at the expense of 
other groups. For thc economy as a whole, however, there is always a piper to pay. 

There are also two additional concerns for governmental action. First, because the private 
sector will anticipate and adjust to the risks of potential emergencies, thc government must take care 
not to carry out duplicative actions. To do SO is to invite market failure due to lack of incentive. 
Second, there is  a point at which the additional effort of preparing for e m e ~ ~ e n c i ~  iS not worth the 
cost. That is, buying too much security is as wasstefu'ul. as the losses that result from being unprepared 
for emergencies. To avoid the risk of excessive preparations, and particularly of duplicating or 
replacing actions that would be taken by the private sector, it is generally argued that government 
intervention should be limited to situations where the private sector fails to recognize the risks or fails 
to act appropriately on those risk. The downside of underpreparing for energy security risks is that 
it invites calls for direct government action during an emergency that may be ill conceived or 
inefficient. 

We have thus far focused on aspccts of government intervention in the marketplace that 
reduce the vulnerability of the economy to an energy emergency. "The government also has the 
responsibility to protect the environment. The conceptual basis for taking govcrnment actions to 
protect the environment is very similar to that which supports taking government actions to improve 
energy security. In the process of supplying or consuming energy, environmental costs are incurred 
for which the principal parties are not or cannot be charged. l'hus, there exists the classical 
environmental externality -- the smokestack imposing costs on downwind residents, rather than 
smokestack cleanup iniposing costs on the mnsuniers of the polluter's products. In pursuing either 
eiicrgy security goals or environmental goals, the government must understand whether its actions 
support or compete with the otlncr goals. Because each results from a failure of the market to 
bchwe optimally, each involves costs external to the market. In a sense, the tradeoff between 
environmental policy goals and national-security policy goals is a tradeoff in external costs. 

Environmental impacts can be grouped into four issues: 1) air quality, 2) global climate, 3) 
waste management, and 4) water availability and quality. Air quality issues deal with the production 
of, for example, sulfur dioxide, nitrous oxide, volatiles, and carbon monoxide. Typically, these 
pollutants arise from burning fossil oi carbon-based fuels in power stations, factories, home heating 
units, automobiles, and other activities. Remedies include using less of the energy products, switching 
to non-polluting fuels, or adopting cleanup measures, such as sequestering pollutants. 
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Global climactic energy issues generally fall into two categories: 1) green house gas production 
that may affect warming, and 2) ozone depletion which may affect the amount and type of solar 
radiation reaching the Earth. Warming issues generally center on reducing fossil fuel burning, and 
methane and chloroflorocarbon reduction. Ozone depletion generally centers on reducing production 
of ozone depleting agents, such as chlorofluorocarbons. 

Waste management issues are typically divided into nuclear and non-nuclear categories. 
Nuclear waste issues include controlling radioactive by-products throughout the fuel cycle, but 
particularly for fission products, characterized by long half lives. Non-nuclear waste management runs 
the gamut from disposing of trapped pollutants t0 disposing of materials produced during fuel 
utilization, such as ash. 

Water issues are somewhat more diverse than the others, because they consider impacts on 
water availability, such as water "consumed" in cooling and diverted by hydropower, and water quality 
of surface and subsurface sources. Water quality issues are linked to proper waste management, but 
also concern accidental pollution as from petroleum transport. 

Many of the environmentallsecurity tradeoffs are relatively subtle. Reducing dependence on 
imported oil may contribute to oil security, but may increase domestic environmental impacts if import 
reductions are accompanied by increases in domestic energy production. To thc extent that domestic 
petroleum prices rise as a result of these policies, environmental assaults will be reduced due to 
reduced consumption. Similarly, tighter electrical generation capacity margins or the retirement of 
older, dirtier plants may reduce flexibility in the electrical grid, thus decreasing flexibility. Nuclear 
issues are somewhat more pointed. The nalion promotes climactic and energy security goals by 
increasing reliance on nuclear energy, but places add~t~onal pressure on waste management programs. 

Some energy options and policies support security and environmental goals. For example, 
electric vehicles may contribute to fuel flexibility, and may reduce pollution and save oil, depending 
on the generation source. Similarly, full marginal cost pricing tends to reduce energy use and 
pollution. Most conservation measures also support both sets of goals, because they reduce the 
amount of energy consumed and the environmental degradation associated with that consumption. 

3.4, SHOULD GOvERNMc;NT INTE3IrnE'P 

We can now summarize the complete set of concerns that should guide the role of 
government in energy emergency policy. There are three situations with which government should 
concern itself: (1) the emergency preparedness dccision making environment, (2) preparedness 
planning, and (3) implementation of plans and activities during an emergentry. The decision making 
environment affects both the government and private sector. A fundamental requisite for both is 
adequate information. For the private sector, two modes of operation are rekvant. Profit making 
private firms form expectations about the effects of preparedness plans on profits, which are in turn 
fed by expectations of the role government will play and the actions it will take during an emergency. 
Non-profit making (regulated) private firms have less ability to adjust to market forces as reflected 
by price signals. Government affects the decision making environment by the priorities it places on 
efficiency and equity goals. These goals, in turn, affect private sector profit expectations. Private 
firms can operate most efficiently in the absence of uncertainty; hence, govcrnment should express 
its priorities clearly and in advance of preparedness decision making. 
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tuation s f  concern is prepardwcss planning, which incl both plans and 
investments. Actions taken by the private sector will be d t. Hnventories will 

be held, fuel switchiiig capa ustable mntracL5 will b otiated. In each 
case, the tradeoff is bwi sua1 cost incrcas against cmergency p cast decreases. 
Govcmment ako engages in direct investments7 but also takes indirect actions, such ifs adopting tax 
yolicks that encourage behavior or investmenb favorable to preparedness. Both direct and indirect 
actions are taken in support of thc recognition of market failurcs, 
contingency plam that would override market fo rm.  These are generally in support of equity goals, 
because virtually all energy allocations a u l d  be achieved using market f o r m .  In particular, there are 
contingency plans that support mobilization for war which are coordinated through the GMR. Again, 
government preparedness plans should be @i3mmunicatcd to the private sector to reduce uncertainty. 

11 be purchased, or 

Governmc 

The final situation is the implementation of plans, given an emergency situation. 
Iniplcmentation by the private sector is automatic and market driven. ~ ~ ~ ~ ~ e ~ e ~ t a t i o n  by government 
may be automatic and markct dlsivcn, such as allowing prices to risc, may be direct and discretionary, 
such as stockpile releases or execution s f  contingency plans, and may be discretionary and indirect, 
such as macroeconomic and monetary policies. In general, the goal of the government is to encourage 
the private sector to assess costs and profit opportunities fully, and to act on these expectations, given 
advance warning about interference in markets by the government in pursuit of equity goals. 

There are a variety of reasons to believe the private sector may not accurately assess the full 
casts of an energy emergency. To assess the prospects for emcrgencies the private sector requires 
information. It may be argued that the private sector is iriadequately or inaccurately informed simply 
because it is costly to gather and assimilate information. Moreover, it may be argued that there are 
economies of scale in producing information that the ernment could exploit by centraking the 
information collection effort. Thus, it follows that the government could provide better information 
more efficiently than the decentralized efforts sf the private sector. Before actually undertaking this 
task, however, one needs a better idea of the kinds of information that are miming and whether the 
government can be expected to fill the gaps. h o t h e r  issue to bc debated is the downside risk of 
disscminating niisleading or  erroneous iaformatioii by thc government, which presumably could have 
serious repercussions when information production is centralized rather than dispersed. 

Even though thc private sector may have adequate inforimation, it may not have sufficient 
incentive to act on that information. Of major concern in this regard are expectations about 
government actions in an emergency. If the private scctsr believes that the government will step in 
and allmahe energy supplies in a shortage, this expxebation would diiute private incentives to prepare 
for a shortage. Similarly, if inventory holders are cxpected to facc barriers in profiting from inventory 
sales during shortages, became of the political uti opularity of such profits these expectations will 
reduce incentives to build precautionary inventories, The fact that alloca tion 
imposed in prcvious cnergy emergencies, and threatened more recently following t 
disaster, means that there are good reasons for the private sector to hold such expectations. Another 
example i s  the rcdwctisn in incentives for private investors to build precautionary oil stocks 
government can reduce the profit potential by selling oil from the SPR. These examples illustrate 
how the government must takc into account the effect. of policy on private behavior, no matter how 
defensible the principal objective of that policy, hecause those responses can mitigate thc 
effectiveness of the policy. This is not to say that the government should eschew intervention in the 
private sector in an cmergency. The competing objectives of government, particularly in balancing 
efficiency and equity considerations, means that the government will rationally pursue policies that 
are sometimes mutually inconsistent, with attendant costs. 
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A related problem of distorted incentives occurs in regulated industries such a natural gas 
and electricity. Because of the ability to set prices and seek profits is constrained by the regulatory 
process rather than by market forces, firms in these industries do not have the normal profit-making 
incentives to undertake investments in emergency preparedness. In this case, the regulatory bodies 
that have jurisdiction over these decisions have a responsibility to take into account the need for 
emergency preparedness and to provide the incentives for firms to undertake the necessary actions. 
This is already done to a limited extent, but state regulatory agencies are inherently local in their 
perspective about reserve capacity, back-up supplies, and potential changes in demand. There is a 
need for a broader perspective at the federal level that aggregates across states and takes into 
account the interactions among them., 

The emergency response problem extends beyond the issue of preparedness within regulated 
industries and includes built-in constraints on flexibility to respond to an emergency. Electricity and 
natural gas prices, particularly at the retail level, cannot fluctuate in response to changes in market 
conditions; they are established by regulatory rules and cannot change without a formal review. Yet 
changes in relative prices are the way in which markets reallocate supplies and demands to address 
shortages. Since gas and electricity prices are rigid, the burden of adjustments in energy emergencies 
will fall more heavily on non-regulated energy prices, particularly on petroleum. 

Regulation of the natural gas and electricity industries is slowly moving away from a rigid 
system of pricing rules to one where market forces will play a greater role. This transition should be 
encouraged, not necessarily with the objective of deregulation, but to increase the flexibility of gas 
and electric markets to adjust to disruptions of any kind. Still, it is unrealistic to think that the gas 
and electric industries could be sufficicntly dcregulated to allow prices to move freely with market 
forces, or to allow excess profits earned during energy emergencies to be retained by regulated 
utilities. 

Finally, we turn to the question of whether there are economic costs of energy emergencies 
that are totally ignored by the private sector. Since the private sector will fccl the impact of higher 
prices and foregone consumption caused by any emergcncy, such costs must arise as a result of a 
market failure. Along these lines, two kinds of disruption costs are commonly thought to be ignored 
by the private sector and which may, as a result, lead to insufficient preparedness. The first concerns 
the feedback effect of changes in energy demand on the price of energy, while the second concerns 
adjustment problcrns that arise in non-energy sectors to a change in energy scarcity. Both kinds of 
costs are likely to arise only in connection with disruptions in the oil market. Discussion of these 
costs and the policy options to ameliorate them are taken up in the next section. 
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4. Cosrs OF PETfP0L;EuM DISRUPTIONS 

Unlike most examples of peacetime energy emergencies, a disruption in the world oil market 
will have spill-over effects on all other energy markets and potential repercussions on worldwide 
economic activity. The magnitude of the potential economic costs and the incentive to avoid them 
are so large that it is appropriate to pay special attention to the problem of oil security and the issues 
that determine the role for government policy. 

Experience with previous oil market disruptions (in 1973, 1979, and 19%) offcrs some 
guidance on the nature of the disruption risks and costs, on private responses to risk and uncertainty, 
and on the appropriate role of government policy. It is uscful to summarize some of these 
observations before turning to the issues that remain to be resolved. 

4.1. LESSONS =OM TWE PAST 

First, neither the level of oil imports nor the share of oil imports in domestic consumption 
is an adequate indicator of the vulnerability of the overall economy to an oil market disruption. Even 
the massive price shocks of 1973-74 and 1979-80 created balance-of-payments outflows that were 
small in relation to gross national product, lead to no observable reduction in the level or composition 
of aggregate demand, and were followed by an increase rather than decrease in the international 
value of the dollar. That factors other than oil import dependence need to be considered is 
illustrated by the fact that lollowing the 1979-80 shock the United Kingdom, which was nearly self- 
sufficient in oil at the time, experienced the deepest recession of all the major industrial countries, 
while Japan, which is the world’s second largest importer and has virtually no domestic oil production, 
managed to avoid a reccssion. 

Second, oil market disruptions are a worldwide ralher than individual country problem; 
increased scarcity will be distributed through the market to all countries and will be reflected in 
higher prices (or greater subsidies) to all consumers. Because world supp1y and demand determine 
the world price, policies of individual countries intended to stabilize the world price must take into 
account the actions of other countries. International cooperation can potentially be more effective 
than independent actions in stabilizing the market, but it must be focused and coordinatcd to realize 
this potential. 

Third, any one country’s vulnerability to the exercise of market power by suppliers is 
determined by the degree of concentration of total world supply. Diversification of the sources of 
supply to any one country will not limit its vulnerability to market power, but diversification of total 
world supply will limit any one country’s vulnerability whether it is diversified or not. 

Fourth, oil price shocks can be caused by surges in oil demand as well as by reductions in oil 
supply. The 1973-74 and 1979-80 price shocks wcrc both characterized by massive increases in 
inventories of petroleum products and relativcly minor rcductions in the flow of crude oil. In some 
instances, therefore, policies that curb panic inventory (and hoarding) behavior could be more 
effective in stabilizing the market than policies that reduce consumption or  increase supply. 
Cognizance must be taken of thc fact that markets have evolved in ways that will reduce the 
likelihood of the kinds of perverse inventory behavior observed in the past will be repeated. The 
increasc in spot markct activity, the decline in bilateral trading relationships, and the emergence of 
futures markets since 1980 should reduce uncertainly that market adjustments can provide greater 
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stability in the future compared to the past. ‘ h x e  structural ~ h a n g a  also imply that future 
disruptions are not likely to resemble those of tlac past and that policy should not be aimed at solving 
yesterday’s problem- 

Fifth, the quantity of oil demanded is sensitive to changes in the price of oil and, esnverscly, 
changes in oil demand can affect the price of oil. Worldwide oil consumption is highes today than 
it was in 1979, and the potential for interfuel substitution is substantial comp d to earlier years. 
Csnsumptioam bas been growiw since the callapse s f  oil prices in 1986, which will eventually lead to 
higher pr im,  and in turn slower growth in consumption. 

Sixth, the role of a 1 1 ~ ~ t i v e  actions by the mcnbers of OPEC in controlling oil prices is 
unclear, though it will probably be less relevant lo future policy planning than it wa.. to past planning. 
W i l e  cartel behavior is mrn1nt3nly blamed for past disruptions, the fourth point listcd above and the 
lack of clear evidence that market power was exerckd, give a different impression, Conversely, while 
the cartel is cmmmonly regarded as ineffective in shosing-up prices in the 198Os, the world price was 
remarkably stable during 1981-1985 in spite o€ steadily falling consumption, and the sudden decline 
in the price in January 1981s cannot be explained by any contemporaneous change in underlying 
supply or demand behavior. Nevertheless, resemcs will remain concentrated in OPEC nations, anad 
the potential for future dkruptions related to these nations is a risk that emergency planning cannot 
igtiore. 

Finally, thcre is thus no clear evidence to support the argument that the cnesgy price shocks 
in 19’73-74 and 1979-80 were singularly responsible for the \vorldwide recessions in those years though 
they undoubtedly played a role in initiating them. The absence of substantiating evidence that would 
cxplain the energy connection, plus counter evidence such as the Japan experience noted earlier and 
the absence of an economic boom following thc January 19% collapse of oil prices, suggest at 
minimum that the story is much more complcx. ITowcver, the alternative hypothesis that deflationary 
monetary policy is to blame i s  consistent with actual experiencc and may offer a policy remedy. 

These observations suggest that a number of changes have reduce the potential vulncrability 
or the domestic and world economies to oil disruptions. These actions are due in part to actions of 
businesses and governments who have evaluated the casts of past dissu tions and have taken actions 
that would reduce future impacts. However, the. evidence saigqcsts that not ail potential casts have 
been fully anticipated. We now turn to an assessnient of the two particular costs of a disruption that 
may be overlooked by the private sector -- the demand-price feedback and macroecanoniic 
dislocations -- and the options available to the govcrnrnent to deal with these costs. 

The demand-price feedback effcct lis relevant in connection with importcd energy where the 
United States has monopsony power in world markets (as explained in Section 6.1.3 above). 

ividual private importers have no power over the price they pay, but the government can organize 
collective buying po I: of all private importers through policies that reduce oil import demand. 

The reason such a policy is worth considering is that import supply is particularly inelastic during a 
supply disruption and a reduction in import demand is correspondingly effective in limiting a price 
incseaes7 

’The same argument could be applied to any imported commrYdity in which the United States has market p v e r ,  but such 
an approach would not be .Wise international poky. What makes oil different is tbc market power of OPEC and the 
desirability of counteracting that power. However, a5 noted above, there is a question of whether that power has been 
exercised so far. 
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Two of the approaches discussed above may be used to reduce United States oil import 
demand during a disruption: a reduction in import demand, through a tariff or quota on imports or 
an excise tax on petroleum products, or an increase in supply by releasing oil from the SPR. Import 
controls have the undesirable effect of increasing energy scarcity within the United States (while 
reducing scarcity in world markets) at a time when the price is already high. The benefits of lowering 
the world price on imports (and consequently reducing income transfers abroad) are often thought 
to be less than the costs of imposing even higher energy prices on the domestic economy, although 
there is no hard evidence on this point. Import controls also have the effect of increasing the 
earnings of the domestic petroleum industry, which opponents regard as unwarranted windfall gains. 
These transfers could be avoided with an excise tax 1310. petroleum products, which will have the same 
impact as import controls on import demand and on domestic prices. Excise taxes have an additional 
degree of flexibility because they can be targeted to individual petroleum products (to reduce 
regressivity, for example), while the cost of import controls will be spread across all petroleum 
products. 

The option of releasing oil from the SPR, in wntrast to demand reducing measures, will lower 
the world price and the domestic price at the same time. However, the cost of building and 
maintaining the SPR is large and is carried continuously whether there is an emergency or not. The 
stand-by cost of demand restraints is, of course, zero, which accounts for the preference of many 
International Energy Agency (IEA) countries to live up to their commitments through this option 
rather than oil stockpiles. 

The second category of cconomic costs that are ignored in private planning for an emergency 
are losses in GNP because of problems of adjustment throughout the economy that are requircd by 
a sudden increase in energy scarcity. To the extent that energy scarcity cannot be offset by releasing 
oil from storage or by increasing surge production capacity, some loss of output is unavoidable. An 
increase in energy scarcity, in other words, inevitably reduces the amount of goods and scrvices that 
can be produced, and no government policy can reverse this fact of life. 

At issue is whether there are economic costs that can be avoided and, because they are not 
addressed in private sector planning, whether they suggest a role for government policy. These costs 
Will take the form of losses in domestic output and employment because of dislocations in non-energy 
markets caused by energy price s h o c k 8  They may arise from many intermediate causes -- such as 
a balance of payments adjustments, aggregate demand adjustments, inflationary adjustments, or 
production adjustments -- but they all result from the lack of flexibilily in the economy to adjust to 
a change in the way resources are used. 

Reallocations in resources from one industry to another are prompted by changes in the 
relative prices of resources and in the relative prices of thc commodities produced by these resources. 
As energy becomes more expcnsive, the appropriate mix of energy and other inputs used in 
production will change. Similarly, the mix of commodities in final consumption will change as a result 
of the energy-induced changes in their relative prices. 

%I have such a widespread effect, the emergency must have a significant affect on virtually all energy prices and must 
last for a period longer than a few days or weeks. Other than a Severe disruption in the oil market, it is difficult to imagine 
other kinds of emergencies that would be so important and so pervasive. 



These adjustments cannot be accomplished instantaneously so thccc is  in bly some slippage 

transitional loses arc ~ ~ ~ v o ~ ~ a b ~ ~ ,  and there is nothing the government can do to eliminate: them 
short of preventing the price of enerw from rising in the first place, 

roductivity a resources are shifted horn one use to another. 

The adjustment pro lenms can be more seaiam, however, when institutional features of the 
w n o m y  interfere with flcxi ility. The most prominent example is the institution 1 prlxx"ss for setting 
wages, where adjustments are made infrequently (e-g., once a year) and almost never irn the ~~~~~~~d 
direction. Nominal wages are themfore irnflex-ble, and the real cost of laloor can be reduced only by 
inflating thc emnoniy. 

I%ae conditions present a problem when the price of energy suddenly rises Thc immediatc 
effect is a reduction in the we of energy and, becacause labor and energy are used in combination to 
produce other g o d s  and services, 3 corresponding reduction in the productivity of labor. This means 
that labor mts will tend to e x d  the contribution of labor, so that employers will seek ways to 
reduce thcse costs. When the option of reducing wages is ruled out, employers are Eorwxl to reduce 
employment. The: reduction in ~m~~~~~~~~ implies a reduction in production. The loss in output 
k usually attributed to the initial energy priw shock, although it is more directly the rcsult of wage 
inflexibility. 

Similar dislocations can occur because of rigidities in the prices of resources other than energy 
and because of rigidities in final product prices. The problem is essentially one of a temporary 
market failure where prices do not function to eliminate excess supplies and deman 
and commodities- Resources are involuntarily uneimployed (Le., both workers and employers have 
no options) and commodity shortages and surpiuses develop. Eventually prices and 
to bring markets into equilibrium, but in the meantime the cmnomy could suffer a severe recession. 

There are few practical policy options available to the government to deal with this problem. 
Price flexibility may be enhanced by reducing or removing government regulation of energy and other 
commodity markets where feasible. 'I'hcrc is no feasible way to directly enhance wage flexibility. 
However, real wages can be depressed by implementing an expansionary monetary policy that inflates 
the economy. This will reduce the cost of labor and moderate the need for involuntary 
u n e m p l ~ p e n t .  Inflation is not without its drawbackss, however, even discounting its adverse effects 
OD consumers. One problem is  that inflation reduces all real wages by the same proportion rather 
than in relation to the initial decline in productivity for each employer caused by the energy price: 
shock. Consequently, some wage adjustments will be too low and others too igh, and another form 
of inefkkiency is imposed on the cmnomy. A sccsnd problem is that some: wages are automticdly 
adjusted a m d i n g  to changes in the cast of living, !a these cases inflation will not reduce the mst 
of labor and will fail to gencrate an increase in employme~it, Finally9 inflation ten 
income in ways that often undermine cquity goals followed by the government and which reinforce 
the negative equity effects of rising energy prices. 

'I'he only energy policy opt im that can mitigate the costs of energy price shocks is one which 
reduces the magnitude of the shock. Obviously, import controls and excise taxes are ruled-out for 
this purpose because they oniy make the domestic price shock worse, The rcmaining options are 
flexibility and the SPR, about which more is  said in the next scction. 
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It is emphasized that these economic costs of price shocks are not a function of the quantity 
of oil imports. They are a function of the importance of oil in the economy, whether the source of 
the oil is imported or domestically produced; the height of the domestic price increase, whether the 
domestic price is driven by the world price or by energy policy; and the extent of wage and price 
rigidity in the economy, which has little to do with the energy sector at all. These observations may 
help to explain why some countries avoided a recession in 1979 and others did not, regardless of their 
dependence on oil imports. 

Finally, it should be emphasized that research has not yet determined how important the 
dislocations described above are in determining overall economic performance. Hypotheses to explain 
the linkage between energy price shocks and the economy have been developed, but have provided 
fairly weak measures of the importance of the connection. Consequently, we cannot say whether the 
recessions experienced during the 1970s could have been averted simply by following a more 
inflationary monetary policy, or whether an aggressive attempt to lower the price by releasing oil from 
the SPR would have been required.’ Certainly, this is an area that deserves more research, for the 
answer is important to the debate over the proper size of the SPR and bow it should be used. 

43. ISSUES CONCERNING THE SIZE AND USE OF THE SPR 

Many studies have been conducted of the optimal size of the SPR, all of which cornpare the 
purported benefits of releasing oil in a disruption to the costs of building and maintaining the reserve. 
Measures of the bcnefits are ail derived from assumptions about the effectiveness of SPR releases 
in reducing the world price of oil and assumptions about the economic costs that are avoided by 
lowering the price. Both sets of assumptions are subject to considerable uncertainty, particularly in 
view of questions about the macroeconomic disruption costs noted above. 

One consideration that is not always included in these calculations is the negative effect of 
the SPR on private stockholding behavior. Private stockholders w.11 build stocks in excess of normal 
working requiremcnts as long as the expected profit from price appreciation exceeds the additional 
cost of storage. The SPR will reduce private storage incentives by reducing expected profits. Thus, 
estimates of the optimal size of the SPR must take into account the replacement of private stocks. 

The current volume of private inventories that may have been displaced by the SPR is 
unknown. Moreover, that effect can vary over time, depending on how the SPR is used. For 
example, a demonstrated willingness to use the SPR to dampen local and relatively minor fluctuations 
in the market will displace more private stocks than a policy of using the SPR only for major 
international disruptions. 

’At issue is the impact of oil price increases on potential economic capacity. Macro economic polices seek to close the 
gap between actual and potential GNP, but cannot in the short run overcome decreases in potential economic capacity caused 
by the higher oil prices. All of this is conditioned by the structure of the economy and its economic health at  the onset of 
the oil emergency. 

33 



Interactions between the SPR and private stocks also play a role in determining the 
effectiveness of the SPR in reducing the price of oil. If private stocks are releasd eoncurrently with 
a drawdown of the SPR, the two flows will eo ~ ~ n ~ ~ i ~ t  each other in affecting the world price. 
Conversely, private stockb e m 4  from the SPR and reduce its effectiveness 
in stabilizing the price. Ho t affeat private behavior will d d on a variety of 
influences, many of which have not been studied. As noted in the next sec the scope of the 
investigation must lx broadened to include private and public r a p n s e s  in other countries as well. 

With regard to deckions ab0 n of the SPW, two questio~~. continue bo be 
debatd: whcn to drawdo and how to time the drawdown rate. The debate a b u t  when to use the 
SPR seeks to balance wnccrns that it will not be wed soon enough or often enough, because of lags 
in administrative decision making, and concerns that it may be used too quickly and too frequently, 
because of the limit on refilling salt domes, the adverse effect on private incentives to hold stocks, 
and the risk that the sacme may be prematurely depleted. Rapid release is remmmended by those 
who view disruptions as self-generating phenomenon that should be quelled before they get ~ ~ t - o f -  
hand, while a cautious wait-and-sce approach is recammended by those who are less mrtain of the 
dynamics of disruptions and wish to avoid premature exliagaskion of the SPR. 

Mechanisms have been proposed to trigger the release of SBR oil, such as the sale of options 
to purchase SPR oil at a redetermined strike price. By sctting the iiutnber of options to be sold 
over a range of strike ices? moreover, the government would be establishing the minimum 

rate as the oil price rises above each threshold. How to set this rate is difficult to 
determine in thc abstract, however. As 2 practical. matter the decision will likely hinge on the way 
the emergency develops. 

The role of the International Energy Agency (LEA) is a potentially important but often 
discounted facct of U.S. energy policy. 'Ihe IEA is important because cooperation will make any one 
country's attempt to stabilize the market more effective, and it is often discount because adequate 
and timely cooperation are thought to be an unattainable goal. However, cooperation may prove to 
bc the only effective way to cointrol oil price shocks, so that securing cooperation could be as 
important as building the SPW itself. 

To understand the importance of cooperation, it is useful to delve deeper into how the SPR 
may be expected to control oil price shucks. The k u e  is not as simple as comparing the maximum 
drawdown rate of the SPR with thc cxpected reduction in supply to determine the probable shortage. 
As observed earlier, an important feature of past disruptions is the considerable volannie of private 
inventory building and hoarding that accompanied relatively minor reductions in supply. These are 
the responses of risk averse individuals who may or may not be placated by a release of up to 3 
million barrels per day fr0m the SPR. 

The magnitude of potential stock building around the world is staggering. The only official 
inventory data are for stocks held by refiners and distributors in BECD countries, which fluctuated 
by hundreds of millions of barrels over a few months during both 1874 and 1979. In 1989 these 
stocks amounted to 3.5 billion barrels, so that an increase by only 10 pcrcent in response to disruption 
risk amounts to 350 rriillion barrels, about 117 days maximum drawdown of the SPR. This does not 
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count stockholders in non-OECD countries, nor stockbuilding by consumers with storage capacity. 
Even though stack building is a temporary phenomenon that may last only a few weeks or months, 
the destabilizing effect on price can take longer to work itself out. In the meantime, economic 
damage can be done. 

This reasoning suggests that the contribution of the SPR to price stability may be determined 
less by replacing a reduction in the flow of crude oil coming into the market than by forestalling the 
flow of ail leaving the market to satisfy the fears of risk averse suppliers and consumers. There is, 
of course, a great deal of uncertainty in this chain of argument, including the warning given above 
that, because of structural changes in the market, future disruptions may not mimic those of the past. 
Considerably more research is r uircd to assess the uncertaintics. 

The importance of international cooperation in energy policy becomes apparent when it is 
accepted that oil market disruptions are a worldwide phenomenon and that individual countrics can 
achieve domestic stability only to the extent that their policies contribute to international stability. 
That is, the SPR will stabilize U S  oil prices only to the extent that it helps to s t ab i lk  world oil 
prices. 

The reactions of other governments during a disruption can reduce or reinforce the 
effectiveness of drawdown in the SPR, Qn one extreme are the kinds of responses that will 
encourage larger imports and in the process absorb a share of the SPR. On the other extreme are 
perfectly coordinated policies that are timed to achieve the maximum effect on private expectations 
in order to forestall a price shock. In between these extremes are mixes of uncoordinated and 
neutral responses that, even to the extent that they are not offsetting, are less effective in stabilizing 
the market because their impacts are distributed over time rather than concentrated. 

These considerations are of course well acccpted by the members of the IEA, though perhaps 
not with the sense of importance conveyed by the panic stockbuilding scenario described above. The 
essence of the IEA agreement is the commitment by member countries to reduce import demand 
during a recognized disruption by either constraining consumption or by releasing stocks. The United 
States has expressed regret that several countries have chosen the demand reduction option, in part 
because of skepticism that effective actions are costly (as described above) and politically unpopular, 
and hence may be compromised at a critical time. 

There is also a problem of "free riding" in the agreement where the expectation that some 
countries will not do their sharc causes all countries to do less than they otherwise woufd. In these 
circumstances, countries must provide meaningful assurances to each other that they will live up to 
their end of the agreement. Stockbuilding in advance of a disruption, because it is a positive and 
expensive action, gives other countrics the assurance that the commitment will be honored, while a 
promise to constrain demand does not. This deficiency must be overcomc in order for all parties to 
regard the agreerncnt as a serious commitment by which they all will abide. 





5. RELEVANCE FOR THE OFFICE OF ENERGY EMEFtGENCES 

5.1. StTMMARY 

Thus far, we have focused on the general concept of energy emergencies and on the issues 
government must face in developing policies to deal with emergencies. These concepts and some of 
their implications have been illustrated for the case of imported oil. We now turn to a discussion of 
the relevance of these findings for the OEE. 

In brief summary, our assessment suggcsts that there are several components to policies for 
energy emergencies. We define an energy emergency to be a rapid shift in the quantity, market price, 
and/or social value of energy coupled with an inability of supply and demand systems to respond 
satisfactorily to the shift. Without advance preparation, some needs served by energy may go unmet 
or may be met at unnecessarily high prices. A variety of advance preparations are available, many 
of which can be undertaken by either the private or the public sector. Complicating the situation is 
the pervasiveness of energy in our everyday lives, the interrelatedness of the components of the 
energy system, and the potential for energy emergencies to concentrate burdens in ways that society 
may regard as unfair. Finally, energy plays a vital role in our dcfense effort, and whether or not an 
active conflict is underway, the potential value of energy applied to this purpose makes supplying the 
military effort a matter of vital concern. There are a number of reasons why the private sector may 
not respond fully to needs for emergency preparation. When the private sector does not respond 
appropriately, there is reason for the government to step in and make these preparations. 

Government pursues two goals in making a decision to intervene in the energy system. In 
assessing whether or not the private sector properly balances the certain costs of current prepartory 
expenditures against the uncertain costs of a potential energy emergency, government pursues an 
efficiency goal. In doing so, it seeks to assist the private sector in providing the greatest value of 
goods at the least cost. Government also pursues an equity goal. In doing this, it seeks to ensure 
that individual groups within the economy do not bear excessive or untenable burdens during an 
energy emergency. 

In pursuing these goals, government should consider three aspects of planning and 
implementing preparedness measures. First, it can affect the private sector’s decision making 
environment by providing data on energy conditions and information and analyses about changes in 
trends that could presage an energy emergency. It can also provide information on its own policies 
and how they will be implemented, which will in turn reduce uncertainty in private sector planning. 
Second, government can undertake preparedness planning and analysis of direct and indirect policy 
measures. In doing these, government first determines the degree of preparedness undertaken by 
businesses and consumers, evaluates the adequacy of these actions and, if it finds them inadequate, 
considers its own options relativc to its goals. Third, governrncnt can implement prcparedness plans, 
either through fiat or  through markets. Measures currently in place include tilling and drawing down 
the SPR and preparing GMR contingency plans, but could also include various taxes, tariffs, and 
subsidies intended to pay security premiums in advance. In general, it supports the cause of efficiency 
when it allows rising prices to allocatc scarce fuel cornrnoditics, and it supports equity when it 
provides direct allocations on the basis of perccived nccd. 
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Nevertheless, there are significant limitations to what government can accomplish. From an 
efficiency perspective, the government cannot "overcome" the costs of an emergency any more 
completely than can the private sector -- it can merely step into an unfulfil%ed role, Government can, 
however, reallocate existing etnergy stocks to meet security or equity goals. From the perspective of 
mnsumcn9 moves to share the burdens of an cnergy emergency more equitably appear as zero-sum 
transfers -- for every beneficiary there must be a benefactor. However, for the economy as a whole 
efficiency is compromised, and losses exceed gains. 

Fllhers: are very real costs to preparing for an energy emergency, which include thc costs of 
preparedness, whether taken by the public or private sector; the msts of duplicatioii, when 
government spends dollars f ~ r  purposes already dealt with by the private sector; and the costs of 
over preparing. Dollars spent on energy emcrgcn preparedness, public or private, compete with 
dollars that have many alternative uses. Allocations which override market outcomes, whether for 
security or cquity purposes, also entail costs and create disincentives for the private sector to prepare. 

However, there are also very real costs to being underprepared. Thus, despite these 
limitations, there k general agreement that government must participate to some degree in each of 
the three arenas. The Office of Energy Emergencies is  a primary mechanism for DOE to do this. 

The authority for the Federal government to participate in energy emergency preparedness 
activitics derivcs from a divewe body of legislation, including the Defense Production Act of 1950 
(and amendrncnts), the Trade Expansion Act of 1942, the Energy Policy and Conservation Act of 
1975, the Emergency Energy Chnservation Act of 1979, the Energy Security Act of 1980, and the 
Energy Emergency Preparedness Act of 1982. Based on this authority, the President has delegated 
responsibility for energy preparedness through a series of Executive Memoranda and Executive 
Orders. In particular, Executive Order 11490 (196 ) provided for the delegation of preparcdness 
functions of all kinds to Federal agencies, E.Q. 12127 (1973) reorganized the overall Federal 
preparedness e€fort undcr the Federal Emergency Management Agency, and E.O. 12656 (1987) 
updated the delegation of responsibilities. 

Within DOE, thc Secretary has deiegated responsibilities for preparedness functions for 
energy emergencies to the Assistant Secretary for International Affairs and Energy Emergencies and 
has set out a general agenda for emergency management in DOE Order 5500.1~4 (1987). Energy 
Emergency activities are organized under a Deputy Assistant Secretary lor Eiiergy Emergencies, to 
whom three Offices report: the Office of Energy Emergency Opcrations, the Office of Energy 
Emergency Plans and Integration, and the Office of Energy Emergency Policy and Evaluation. In 
general, the Operations Office carries out the bulk of staff functions, with effort devoted to the 
vulnerability, mobilization and continuity of government, intergovernmental liaison, and operations 
support. A major aspect of operations support is the maintenance and operation of the Energy 
Emergency Management System (EEMS). This system monitors a variety of energy-related links and 
nodes (generally those showin in Fig. l), reports on impending or actual energy emergencies, and 
provides situation reports to decision makers if tlic need for action arises. Thc Plans and Integration 
Office is primarily responsible for exercises, and the Policy Office deals in matters of policy, 
particularly regarding international oil markets. 
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It is possible to divide OEE activities into the decision making environmenVpreparation 
planning and analysis/implementation framework developed above. A major aspect of OEE activities 
fails into the decision environment realm, largely through the provision of information. Within DOE, 
OEE serves as a source of information on emergency matters. It has developed the EEMS system 
which draws upon data sources to highlight emergency situations and disseminates these data to the 
remainder of DOE. Outside of DOE, OEE serves as a point of contact for agencies of government 
concerned with emergencies that energy may either affect or be affected by. For practical purposes, 
these are the DoD, FEMA, and the states. 

In its preparedness planning and analysis role OEE serves as intergovernmental liaison for 
emergency matters, particularly reviewing state energy emergency plans. It conducts studies and 
exercises to test plans related to military energy security. I t  also conducts analysis related to world 
oil markets and the SPR. OEE is responsible for administrating the GMR within DOE and 
participates in the administration of several DoD and FEMA programs. OEE, however, has little 
responsibility within DOE for the direct implementation of preparedness plans, though a good deal 
of its preparedness planning and analysis activities serve as a guide to action by others. 

53. IMPLICATIONS FOR OEE PLANNING 

The assessment in the body of this report has emphasized the interrelatedness of the energy 
system, the interrelatedness of DOE goals regarding efficiency, environmental protection, and energy 
security, and the importance of the private sector as a participant in energy emergency planning 
through normal market processes. The review of OEE activities indicated the outward looking nature 
of the OEE, particularly toward h D  and FEMA, and noted a concern with matters of military 
security. Several other roles are open to the Office which it should consider: 

1. E;npanding analytical activities regarding energy vulnerabilities of all kinds and integrating 
into its analyses the role of the private sector in overcoming energy emergencies; 

2 acting as an energy ScGurity advocate within DOE by tracking R&D and plicy initiatives 
by othcr oEca and evaluating their impacts on energy security; and 

3. becoming a stronger point of contact for other governmental or private groups seeking 
DOE data or technical expertise on matters oE energy security. 

In adopting these roles OEE would assume several new responsibilities. It would seek to 
direct overall DOE efforts at monitoring thc successes and failures of private sector preparedness 
planning. It would critique EIA data collection efforts and models and work to see that the 
information and tools were available to carry out appropriate analysis. In doing this it would monitor 
the state of current knowledge regarding policy options for energy security and seek to address critical 
gaps in understanding. Having done these things, it would become a stronger source of counsel to 
policy makers. 
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One obstacle to OEE stepping into this role is its lack oE a common framework for integrating 
different energy security issues and comparing them to other policy issues within and without DOE. 
Such a framework would build upon OEE's considerable expertise in preparedness planning and 
policy, but would create a systematic approach for this sort of economic analysis. The approach would 
ccnter on government actions as complements to private sector actions and would weigh efficiency 
criteria as heavily as equity criteria. Elements of such a framework have been raised throughout this 
report, but a complete statement lies well beyond the scope of the current effort. 

That such a. framework has not been spontaneously forthcoming is hardly surprising, given the 
inherent difficulty of the task and the lack of p r d e n t s  in agencies of government with similar 
missions. To do so would require providing a wmmon basis for dealing with the public and private 
sectors, the decision environment/planning and analysis/implementation phases and contrasting 
efficiency and equity goals. It would also provide impetus to shift OEE's focus toward planning and 
analysis in light of economic efficiency criteria. Such a framework would be of considerable utility 
in helping OEE rethink its role within DOE. 
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