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I ntroduction

The world oil market has undergone a least 18 sgnificant oil supply shocks snce 1951. The most
memorable of these, the four largest world oil shocks between 1973 and 1991, are now recognized to
have cost the Asian Pacific Economic Cooperation (APEC) economies hundreds of billions of dollars.
These codts are manifested as lost GDP and higher payments for oil imports.  Since ail is traded
globaly, amgor oil price increase soon spreads throughout the world, with disruptive effects on most
energy-intensive economies. Within each economy, the shock costs are pread economy wide. For
this reason, oil-using firms and private consumers acting individualy on their own behdf do not have
sufficient motivation to adequately insure against the widespread costs of price shocks. Mogt of the
economy-wide costs of disruptions are, understandably, “externa* to the cost-benefit considerations of
private agents.

Strategic oil stocks, by buffering supply losses and mitigating sudden mgor price shocks, are adirect
and effective means for dealing with the risk to economies of persstent supply and price voldtility.
Private agents cannot justify holding large oil socks for the long term as a contingency againgt
potentialy dramatic market upheavas or geopoalitica struggles. The private storage cogts are too high,
the likelyhood of disruptions are too smdl, the planning time horizon istoo long, and the direct benefits
to the private agents are too low.*

Similarly, it may be more efficient for the APEC economies to take collective action and establish joint
srategic oil reservesrather than act lone. Large scae shared storage can lower storage costs and
garner enough benefits for alarge economy or combined economies for the costs to be worthwhile.

This paper summarizes the estimated net benefits of expanding APEC drategic oil stocks, and andyzes
the efficient 9ze of those stocks. It recognizes that substantia Strategic oil reserves dready exist. The
focusison theincremental net benefits of expanded storage to dl APEC economies, other than the
U.S..2 The estimates are based on the economic protection that additiona storage would provide,
beyond that protection dready provided by the current Asan, U.S., and European strategic oil stocks.
Thus we are condgdering the incremental net benefits to APEC of incrementa changesin stockpile size.

The assessment of dternative APEC reserve szesis done with anumerical smulation modd. In Section
1 we begin by summarizing the andlytical gpproach used, a probabilistic cost-benefit andyss. In
Section 2 we characterize base oil market conditions used, and possible disrupted market conditions.

Unlessthe government provides incentives for added storage, private oil inventories are principally
“working stocks” . They are held to ensure reliable plant operations and process flows in the face of routine
logistical delays, normal demand fluctuations, and modest short-term price variations.

?The reasoni ng for excluding the U.S. from the analysisistwofold: 1) The U.S. government is conducting
its own, independent reserve analysis, and 2) Given the relative size of the U.S. economy, including the U.S. would
reduce the focus on the rest of APEC.



Other key assumptions used are presented and discussed in Sections 3 through 5. In establishing key
conditions for this study, we draw on other background studies, including the engineering-estimates of
storage facility costs devel oped by PB-KBB (1998), and the best available understanding of the
macroeconomic cost of ail price shocksto APEC economies (Bachman and Ingram 1999). Section 6
describes the cases considered. Sections 7 and 8 show the results for what we characterize as the
Base Case, where the focus is on Storage in sdt caverns, and disruptions of under 6 months in length.
There we find that a substantia expansion of the APEC reserve (on the order of 600 million barrdls) is
judtified on the basis of its expected net benefits to APEC economies. In Section 9 we explore the
sengitivity of this conclusion to our trestment of oil market risk, possible program ddlay, estimated
sengitivity of GDP to shocks, and the possible need to utilize higher-cost storage methods. In Section
10, we examine the economic benefits for different country groupings. The fina section, Section 11,
summarizes the implications of this sudy for efficient APEC reserve 5ze.



1. Summary of the Cost-Benefit Analysis Used

The essentid issues for APEC reserve planning may be summarized asfollows:

Assess the potentid causes and likelihood of oil supply disruptions taking place.

Account for existing APEC and IEA stocks and internationa cooperation on the use of stocks.
Edtimate the cogts to APEC economies of oil disruptions, and the incrementd ability of
additional APEC strategic stocks to reduce those costs.

! Estimate the costs of buying and storing strategic crude oil stocks?

1 Determine the net benefit and efficient level of APEC drategic stocks.

The cogt-benefit gpproach uses asmple modd of the oil market and APEC economies to unify these
factors. Because oil market disruptions are of highly uncertain frequency, magnitude, and duration, net
benefits are estimated by solving the model over many possible market outcomes in arandomized or
probabiligtic fashion. Any additional APEC reserves are coordinated with existing APEC and |IEA
drategic stocks, which roughly total 1258 million barrels. New APEC reserves expand the combined
pool and the maximum draw rate* The benefits calculation takes into account recent empirical
evidence on the macroeconomic cost of oil shocks, and uses shock-cost parameters estimated
specificdly for the APEC economies.

1.1. General Probabilistic Modeling Approach

The expected benefits and efficient level of APEC drategic oil socksis determined usng aMonte
Carlo smulation of the world oil market, with and without additional APEC stocks. Each smulaionis
composed of thousands of samples, each sample being a randomized projection of the world oil market
through the year 2030. The thousands of iteratively sampled outcomes are then recorded and used to
produce the expected (or mean) vaue of the reserves. For a given random outcome of the world
market, if adisruption occurs, any available offsets such as world excess oil production capacity are
used to dleviateit. If anet disruption remains (after available offsets) then the APEC reserveisused in
coordination with the existing IEA reserves.  For every random redlization of the future oil market, we
compare the benefits provided by the current world strategic stocks with the benefits that would be

*Thisana ysis considers a crude oil reserve, rather than petroleum product storage. While stored products
can reach the end user more rapidly, stored crude also can enter the refinery stream in atimely fashion in the event of
acrude supply loss. Furthermore, product storage is somewhat more expensive, given that steel tanks or specialized
facilities may be required, and that products must be rotated periodically to assure that they do not degrade.

Product storageis also lessflexible in the sense that the mix of products yielded by the buffer stock is already
predetermined. Thus, while product storage may be appealing or convenient in some contexts, its higher cost may
makeisless suited for strategic stocks. Furthermore, the principal advantage of product storage, rapid movement to
market, isashort-run logistical convenience that is not easily captured in the modeling framework used here.

“The precise treatment of this stock coordination issue does not appear to be a critical assumption for the
estimation of the benefits of incremental APEC storage. The key issueisthe likelihood of situations where
incremental storage isbeneficial, after it isrecognized that many circumstances are adequately covered by existing

market buffers and strategic stocks.



offered by expanded stocks. Clearly, the world strategic stocks added by an APEC expansion will
provide additiona benefit only in the event of an especidly large or long disruption, or in the case of a
sequence of smdler disruptionsin quick successon. While such events may be deemed unlikely, if they
do occur, an expanded reserve could easily be worth $50 billion or morein avoided shock costs. The
expected net benefit caculation welghts the magnitude of these large avoided shock costs by their
relative frequency of occurrence, and compares that expected benefit with the cost of the reserve.

1.2. Costs and Benefits Included

The costs included are the costs of the facility and of the oil. These cogts are borne by the owners of
the reserve. The benefits are the avoided disruption costs due to the reserve. These benefits are
gained by dl oil using and consuming economies. Condder fird the net cogts of the reserve itsdlf.
Viewed like any private venture, a strategic petroleum reserve has both a cost Sde and arevenue Sde.
The cogts include the capital expenditures necessary to build the reserve, the cost of oil purchases, and
operation and maintenance (O& M) costs borne when filling, drawing down, or maintaining the reserve
on standby.® The net revenue side includes the revenue from sdlling the oil. The costs and revenues are
digtributed over time, with most of the costs preceding the revenues. The payment streams are
discounted to account for the opportunity cost or time value of funds. Ordinarily, for a private venture
to occur, the discounted revenues must be expected to outweigh the discounted costs, and a profit is
anticipated.® However, unlike profitable private ventures, a strategic petroleum reserve' s net revenues
are invariably negative due to long periods of discounting, the dow projected rate of il price increase,
and the comparaively low probability of ever sdling the oil at a profit during adisruption. Thus, for a
private firm to hold strategic or “emergency” stocks there must be more incentive.

Unlike private firms, governmentd entities are concerned not only with net revenues or profit, but also
with externa benefits to the society asawhole. Such benefits are not internaized by private firms.
One such benefit is the avoided GDP losses to the economy due to the existence of the reserve. A
drategic reserve, properly used, has the effect of dampening or diminating potentia oil price increases
dueto ashock. Qil price increases reverberate through the economy in a costly way, as discussed at
length in Jones, Bjorngtad, and Leiby (1997). The cogts of oil market disruptions has been studied
extensvely over the last two decades (Hamilton 1996; Mork 1989; Mork, Olsen and Mysen 1994).
The magnitude of these losses can be roughly gauged through the use of the estimated GDP eadticity

>These O&M costs (during filling, drawing, and standby), are modest compared to the larger costs of
capacity construction and oil purchase.

®Because private agents are smaller and more risk averse than governments or entire economies, and
because the private cost of funds (interest rate) typically exceeds the government cost of funds, the discount rate
used by private investorsisordinarily much higher than that used in government planning. This raises another,
significant, obstacle limiting the private long-term storage of strategic oil stocks.
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with respect to ail price shocks.” Another public benfit is the terms of trade effect or avoided net
import costs of oil. Net import costs can be smply defined as price times import quantity. When an ol
price shock occurs, price rises and demand fdls. Since oil demand is highly indastic in the short run,
the price rises more than demand fals and net import costsincrease. The use of the emergency reserve
in these circumstances reduces the price increase and the demand decrease. The combined effect isa
reduction in net import cogs.

In summary, the cost and benefits of a strategic reserve can be categorized into four components. Two
concern the cash flows associated with the reserve itsdf and are borne by the owner-operators. the
capital cost stream; and reserve net revenues. The other two components concern externd and
widespread benefits which are quite large, and which moativate collective storage by governments and
economies. avoided GDP losses; and avoided net import costs. The net present vaue (NPV) of a
drategic petroleum reserve is given by the discounted sum of these components. Writing the expected
net benefit calculation in equation form, we have:

Expected NPV (Net Benefits) = Expected NPV (Avoided GDP L 0ss)
+ Expected NPV (Avoided Import Costs)
I Expected NPV (Reserve Net Oil and O&M Costs)
I NPV (Facility Capitd Costs)

Here “NPV” refers to the discounted Net Present Vaue over the time horizon of interest (1999-2030).
“Expected” refersto the average or mean vaue over many thousands of possible redlizations of the
world oil market through 2030. These four cost and benefit components are estimated and totaled,
and recorded using the probabilistic model, DIS-Risk, described in the next section.

1.3. Natureof the DIS-Risk Model Used

1.3.1. Brief Model Description

The DIS-Risk Modd gpplies arisk andysis to assess the uncertain implications of oil stockpiling. It
follows and extends the basic logic of the modd previoudy used in the 1990 DOE/Interagency SPR
Size Study (DOE 1990). For this study it has been adapted to the specific nature of the APEC
economies?® DIS-Risk isaproven, easily understood, versatile model which adlows for avariety of
sengtivity andyses. We summarize quditatively the model behavior here. See Leby and Bowman,
1997 and Leiby and Jones, 1993 for complete model documentation.

"For completeness, we also include the avoided deadweight 1oss of consumer surplusin the category of
macroeconomic losses. This contribution, which is so small in magnitude asto be essentially negligible, is
attributabl e to avoided reduction in oil demand when priceis held lower (other than import savings). This component
issmall since the potential distortion in demand and the resulting deadweight surpluslossis small the given short-
run demand inelasticity.

8This study was based on DIS-Risk version DR99M, January 1999.
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In the DIS-Risk model, two strategic reserve Szes, one with an expanded APEC reserve and one
without, are compared side-by-side. They are subjected to the same random disruptions. Each
reserve is pecified in terms of its codts, target Size, normd fill rate, and maximum refill rate. Oil supply
disruptions are smulated againgt reference paths for world oil prices, APEC oil demands, APEC ail
supplies, and rest-of-world demands.

In each year, adisruption may occur. Disruptions have arandom duration or length. Thelengthis
uniformly ditributed over a predetermined range of months. The gross disruption Szeisarandom
outcome which, as a percentage of total world demand, follows a smooth, 2-parameter probability
digtribution caled the welbull digtribution. The gross disruption sze is directly reduced by exogenoudy
specified offsets from two sources. dack oil production capacity and short-run demand response
(switching). The net disruption Size is defined as the gross disruption size after these offsets are gpplied,
but before any reserve draws.

If the net disruption size (after offsets) is pogtive, the reserve attemptsto fully offset it. Drawdown
rates are limited by the specified maximum draw rate for that year, and by the exhaugtion rate. The
“exhaugtion rate” is given by the available ail in the reserve, divided by the anticipated disruption length
(indays). Provided that no disruption has occurred, the reserve fills toward its target Size at the
specified normd fill rate. After adrawdown, the reservefills at the exogenoudy specified refill rate until
the planned fill-path is re-attained. Fill then revertsto the normd fill rate until the desired target Szeis
attained.

Oil shortfdls are caculated as the remaining disruption after dl offsets and reserve draws. After world
excess il production capacity has been utilized, non-OPEC supply is assumed to be essentidly fixed
during the disruption. World oil price increases sufficiently for world oil demand to contract and
accommodate the remaining net oil supply shortfal. Demand is somewhat responsive to price in the
short run, and becomes increasingly eastic as the disruption becomes more severe. Specificdly,
demand dadticities are alinear function of net disruption Size® To cadculate monthly easticities,
adjustment factors are gpplied to annud vaues. These monthly adjustment factors ensure that the
eadticity of demand aso increases from month-to-month during adisruption. Thus demand becomes
more responsive as the market remains longer and longer in a protracted disrupted condition. After a
disruption ends, world oil price declines toward the base level according to afixed monthly decline rate.

%The details of these variable elasticities are based on the treatment in EIA (1990), p. 4-5.
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APEC ail demand isdso increasingly dadtic in price. APEC import demand equas APEC demand
minus exogenoudy specified APEC supply, APEC reserve drawdown, and afixed fraction of world
short-run fuel switching. APEC GDP responds to ail price shocks with an annua GDP-eladticity.
GDP losses occur only during disruptions, not during their after-effects’® Total disruption costs are
GDP losses, plusincremental import costs. The NPV of the disruption costs, capital streams and
reserve net revenue is calculated, and program differences (with and without an expanded APEC
reserve) are reported. Thus for each randomized scenario sampled, the mode tracks the incremental
avoided disruption cogts, less the incremental capital and operating codts of the reserve, for an
expanded reserve compared to the existing reserve.

The DIS-Risk modd compares oil market outcomes and APEC economic welfare over the next thirty-
one years (2000-2030) for two distinct reserve programs. It usesthe risk anaysis methodology to
amulae alarge number of trgectories for il prices and reserve activity over the time horizon, and
gathers performance statistics. Both expected vaues and probability distribution information are
gathered for the following varidbles: NPV benefits of one program versus the other; incrementd
reserve utilization; reserve net revenue; and the number and severity of net disruptions. An important
featureisthat in a given experiment both reserve programs are used to address the same randomly-
generated sequence of ail supply shocks. This minimizes the random variation of (incremental) program
results attributable to the disruption sampling process. In addition this same random sequenceis
applied to al prospective reserve sizes, and sengitivity cases!t

1.3.2. Assumptionsin the DisRisk Model

There are three categories of parametersin the DIS-Risk model:  expectations about the ordinary
operation of the oil market; characterizations of the riskiness of the oil market; and reserve program
attributes.

The expectations about the oil economy are characterized by the reference (undisrupted) price and
quantity paths for oil during the thirty-one year period over which the model evauates the Strategic
reserve.  These assumptions aso include parameters determining the economic response to an ail price

1%While GDP losses are known to persist for at least afew quarters after the disruption, the treatment here
merely requires that the GDP elasticities used be appropriately adjusted to reflect the discounted sum of
contemporaneous and lagged | osses.

The number of random samples taken, 10,000 per run, was selected on the basis of two criteria: one
automated and one by manual inspection. (1) the Monte Carlo engine was allowed to sample an internally monitor
convergence criteria, including the combined stability of the mean values and certain percentiles from one sample
iteration to the next. The software automatically declared convergence and stopped sampling at about the 7,500
sample. (2) We executed random samples of increasing size, with different random sequences, for afew important
cases of interest. We plotted the time path of percentage change in sample mean values and found that stabilization
occurred to within afew percent well in advance of 10,000 sample iterations.



rise; the"GDP dadticity,” which sgnifies the repongveness of aggregate production to changesin ol
prices, and demand eadticities.

The riskiness of the oil market is characterized by the frequency of supply disruptions, their duration
and magnitude, and the availability of offsetsto disruptions from various sources. The frequency and
size of gross disruptions are governed by aweibull probability distribution.*? The duration of
interruptionsis aso random, and the model structure dlows various degrees of knowledge by the
reserve managers about the a shock’ s duration in advance of their draw-down response.® The
principa market offset which may mitigate disruptionsis the world' s available excess ail production
capacity (dack). The second magjor source of offsetsto agross oil supply disruption is the reserve.

The reserve program attributes include stockpile size, various physical operationa characteritics, and
severd categories of cost. The current and target reserve sizes for the reserve can be varied in the
model. Therates a which the reserve can befilled initidly, drawn down in the event of adisruption,
and refilled afterward, also are specified parametricaly. Hand-in-hand with the maximum draw-down
rate which the reserve may achieve in the event of adisruption are the implicit rules governing under
what conditions draw will occur, and a& what rate (i.e., a the maximum rate or some lower rate). The
reserve program is further described by atime path of maximum reserve capacity for each year in the
thirty-year evauation period. The capital costs and operating cogts other than filling costs also are
specified for each year.

12The weibull distribution (also known as the extreme-value distribution) is commonly used to describe a
random process whereincreasingly large values of a positive random variable are increasingly rare, such asthe
lifetime of aproduct, or the size of adisruption. For theweibull distribution, the cumulative probability of observing
agross disruption of x percent or less of world demand is given by

F(x) = 1&e%X®°

13The'y may have perfect knowledge about the duration, they may know the expected (average duration), or
their drawdown rule may be invariant to disruption length.
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2. Projected Undisrupted (Normal) Oil Market Conditions

The Asa Pacific Energy Research Centre (APERC) and EIA projections of the normd, undisrupted oil
market are used in determining net benefits. World ail priceisused in buying ail to fill the reserve,
sling of remaining reserve ail in 2030 (provided the market is undisrupted) and as a starting point for
the disrupted price. The assumed world ail price path for the analysis Base Case is congtant (in real
terms at $17.4/BBL.), and is derived from the underlying assumptions in the APERC market
projections. As a sengtivity case, we use the U.S. EIA’s Mid Case ail price projection from their 1999
Annud Energy Outlook (1998). Asseenin Figure 1, the EIA AEO99 projection rises rgpidly over the
next 9 years, and then rises dowly (at about 2% per year) through 2020. This aternative price path
suggest avauable near-term opportunity for accumulating low cost strategic stocks.

Elastic world oil demand (world demand less OPEC demand) is used in determining the quantity of
world oil shortfall given that adisruption occurs. Elastic domestic demand and is used to determine
consumer surpluses and combined with inglastic domestic supply isthe basis of net imports. The
projected APEC GDP path indicates the magnitude of the GDP at risk to shocks each year, for the
target region of interest. The magnitude of the avoided GDP losses, should a disruption occur and be
mitigated by the reserve, increasesin proportion to the level of GDP in the shock year.

The target region for andysisisdl of the APEC economies, other than the U.S.. This group of
economies can be denoted as “APEC-U.S.” (APEC minus U.S)). By “target region,” we mean that
we track the net benefits of an expanded reserve for APEC-U.S. economies, and assess whether
expanson yied anet benefit from their perspective.
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Figure1l: Normal Market Oil Price Projections, APERC (1998b) and EIA (1998).

Since GDP levels and oil import levels are important determinants of aregion’s exposure to oil market
shock cogts (through GDP adjustment cogts and higher oil import costs), it is hepful to review the
magnitude of theseitems. The current GDP for the APEC-U.S. target region is quite large, and
projected to grow robustly after afew years of recovery (APERC 1998a). A shown in Figure 2, the
APEC-U.S. GDPis currently comparable to the U.S. GDP, and is expected to grow even more
rgpidly. While some of the APEC economies are net oil exporters, collectively the APEC-U.S. region
isamgor oil importer. Asseenin Figure 3 the APEC-U.S. group of economies has net imports that
are currently about 75% of the U.S. level, and rise to about 95% of the projected U.S. level in 2010.

In summary, the target region of APEC-U.S. economies has GDP levels and oil import levels that
suggest levels of exposure to oil market disruptions that are comparable to those of the U.S.. In
addition another key factor isthe GDP s responsvenessto oil price shocks, as measured by the GDP
eladticity with repect to ail price. In Section 5 we show that the estimated GDP dadticity for the
aggregate group of economies denoted by APEC-U.S. is substantia (about -0.065), and aso quite
comparable to recent estimates of the GDP eadticity for the U.S.. These generd observations suggest
that our ultimate findings that show that a substantial expansion of the APEC-U.S. reserve beyond its
current level of 370 million barrels would be judtified is not surprising, in light of the current and planned
levelsof U.S. drategic oil stocks.
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3. Key Determinants of Stockpile Size Analysis. Oil Market Factors

3.1. Estimated Oil Market Risk

It isvery difficult, or perhgps not even possible, to reliably establish the likelihood and nature of future
oil market disruptions. However, there are organized ways to cope with this uncertainty. There are
three promising approaches to assess the risk of oil market disruptions.

Look to the historicd pattern and frequency of events

This approach relies on the limited historical record with the understanding that there are
vauable lessons to be gained from higtory. It aso is founded on the expectation that, given little
information to the contrary, the past is a reasonable indicator of the future. As one good
example of this gpproach, the 1990 DOE/Interagency study estimated disruption probability
distributions based on the historical frequency of disruptions of various szes from 1951 to
1989.

Think about the problem carefully and apply Expert Judgement.

This gpproach yields “subjective’ probabilities, but goes beyond the historical datato consider
what might have happened, and the important disruption events that could happen under
changing conditionsin the future. Expert judgement was aso gpplied in the DOE 1990
andyss, in benchmarking the probability of an extremely large event. The best published
example of this expert judgement was produced by the Energy Modding Forum (1997), which
gathered a group of expertsin three successve workshops to assess disruption probabilities
with a subjective event-tree anaysis'*

Explicitly model and andyze the sources of prospective disruptions.

This gpproach is ambitious but problematic, and has not yielded much fruit as of yet. It entalls
such methods as numerica model of OPEC power, estimates of political and economic
incentives for cooperation or opportunistic supplier behavior, and the stahility of cartel supply.
Such an analys's may seek to account for expectations of growing regiona imports and the
growing OPEC share in the world oil market.

Of these three gpproaches, we rely on a combination of the historical and judgmental methods, as
embodied in the disruption probability estimates used in the 1990 DOE/Interagency Size Study. These
probabilities refer to possible globa supply losses as a percentage of world demand.

14From 1994 to 1996 an Energy Modeling Forum (EMF) working group held three Workshops to estimate oil

disruption probabilities using a process of expert judgment elicitation, akin to the Delphi method. The EMF expert
panel considered specific event sequences and causes of disruptions. It focused on potential losses of supply from
Saudi Arabia. It also explicitly consider the issue of disruption duration and the availability of excess production
capacity as an offset.
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Since 1951 there have been 18 sgnificant crude oil supply disruption events (Figure 4).

The causes of these disruptions are varied, but can be generaly classified aswar (3-5 events), interna
political struggles (5 events), economic disputes and embargos (3-5 events), and accidents (5 events).
The effects of an ail shock, if they are fdt, are usudly globa in nature. Asthe higtorica record on
supply shocks and price movementsin Figure 5 shows, oil supply disruptions did not dways trandate
into sharp ail priceincreases. Some events had little price effect due to the ability and willingness of
suppliersto offset the shortfdl, or due to the existence (mostly prior to 1973) of long-term pricing and
supply contracts. On the other hand, some disruptions of lesser size led to enormous and long-lasting
price increases (e.g. the 1973 and 1979-80 events). This history supports the important conclusion that
not al supply disruptions are dike. Not only do they differ in cause and duration, but they can differ in
terms of price effect. As mentioned before, akey issueis the availability of excess production capacity
and the willingness of undisrupted suppliersto useit.
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Figure4: 18 significant Crude Supply Shock Events since 1951.

14



16 40
=14 35
o
o
A 12 30 ~
5 ,\ o
S 10 25 &
(7]
2 \ |8
= 8 20 £
g 6 L 15 %
B 5 A o
S 4 10 ©
° 11 I

2 5

0 T T -|_l I T - O

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995

Year

Figure5: Historical Disruptions. Not all Oil Supply Shocks Trandate into Oil Price Shocks.

3.1.1 Disruption Probabilities

In this study, the Base disruption probabilities for different disruption sizes are drawn from the 1990
DOE/Interagency Study, as one of the two explicit and careful andyses currently available. The only
other published study with sufficient detail and judtification is based on work of the Energy Moddling
Forum.

The resulting cumulative digtribution function for the low, high and base case disruption probabilities of
the 1990 andysisis given in Figure 6 below. It is contrasted with the cumulative subjective probabilities
from the EMF expert assessment. The combined results of expert judgement from this group indicate
larger disruption probabilities and greater Sizes than the DOE 1990 study. However, given the lack of
public review of the EMF results, and some ambiguities about their interpretation, the 1990 study
results are used here instead.

A crucid aspect of the disruption probability digtribution is the probability it assignsto large but unlikely
disruptions, since those are the cases in which avallable dack production capacity and existing reserves
might be inadequate, and additiond srategic oil socks would be beneficid. Asaguideline, it is hdpful
to note that the DOE 1990 study assessed the annual likelihood of a disruption of 15% or more of
world oil supply to be 1%. Seethe Table 1 below.
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Table1l: DOE/Interagency Study Disruption Probabilities: Annual Probability of Gross
Disruption, Given as Per centage of World Supply

Case 10% or More Supply Disruption 15% or More Supply Disruption
Lower Risk 1.5% 0.5%

Midcase 2.4% 1.0%

Higher Risk 3.1% 1.5%

3.1.2. Disruption Lengths

A less dudied issue is the length of the disruptions given adisruption occurs. No clear evidence points
to ardationship between disruption sze and disruption length (Figure 7), however the median historic
disruption length appears to be about five months (Figure 8). Given this uncertainty, disruption lengths
are assgned arandom, uniformly distributed probability. In keeping with the low historica correlation
between disruption size and duration, we trest the random size and duration outcomes as independent.
Sengitivity andlyses using disruption lengths of 1-6; 3 and 6; 3,6 and 9; and 3,6,9 and 12 months are
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3.2. Treatment of Offsets Availableto Mitigate Disruptions

3.2.1. ExcessOil Production Capacity Available

Disruption probabilities determine the gross disruption level but not the net disruption level. That is
gross disruptions after offsets and prior to an APEC dtrategic petroleum reserve drawdown. Offsets
which attempt to accommodate a gross disruption include excess oil production capacity or dack,
demand switching, and current world strategic stocks. Slack is the excess capacity which can go online
immediately (within amonth) to address a gross disruption. Sack offset estimates are drawn from the
U.S. EIA (Kendéll, 1998) and extrapolated to 2030. The Base Case dack oil production capacity
estimate hovers near 3 million barrels per day (MMBD) for most of the forecast period. High and low
dack senstivities are estimated assuming a +/- 5% change in OPEC capacity utilization. The resulting
excess capacity in the high dack caseis quite high, above 5 MMBD for most of the forecast horizon,
and reaching 6 MMBD in the later years (see Figure 9). Given that the vast mgority of excess capacity
exigs anong OPEC members and uncertainty surrounding its availability during a disruption, these
dack estimates should be considered an upper bound.
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3.2.2. Fue Switching

Fud switching relates to cgpability of firms (primarily utilities) to switch from crude ail to other sources
such as naturd gasin the short run, at virtualy no cost and in response to very smdl price changes.
Fuel switching comprises smdl fraction of thetotd offsets™ Thefind offset which can be used to
address agross disruption is other strategic oil reserves. Theseinclude those reserves held inthe U.S,,
Europe, Japan, Korea, and Chinese Taipe.

3.2.3. Existing APEC and Non-APEC Strategic Oil Stocks
Existing strategic stocks, including those currently held in Japan, Korea, Chinese Taipei ¢, Europe and

BNot all of the world’s demand that employs switchable fuel inputs can necessarily switch fast enough or
at low enough cost to beincluded in this category. Furthermore, excess supply and distribution capacity for the
substitute fuel must also be readily available.

8Unlike the other countries Chinese Tai pei has no official governmental reserve, rather a sizable private

stockpiling mandate. Also unlike other countries whose private reserves could be considered working stocks, the
Chinese Taipei reserves are sufficiently large (60 days of domestic consumption) that a portion (20 daysor 1/3) is
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the U.S. provide an important cushion between a net oil supply shock (after supply offsets) and an ol
price shock. Used in coordination with any additional APEC stocks, they are the find line of defense
after dl other dternatives are exhausted. In identifying the level of strategic oil stocks, the following
definition was used: drategic stocks are defined as government owned stocks plus government-
mandated commercia stocks in excess of norma working stocks.!” Current strategic stocks total
gpproximately 1258 MMB, asitemized in Table 2. Current strategic stocks, in coordination with any
incremental APEC reserve being evaduated, are drawn down collectively to offset net supply shortfals.
Each stock isdrawn in equd proportions, with the maximum drawdown rate equd to the sSix-month
exhaugtion rate. The benefits of existing strategic stocks are accounted for, but not reported in the net
present vaue calculations here. Thisisbecause al costs and benefits are computed based on the
incremental contribution of additiona APEC stocks, and the incremental net benefits are then
reported. The contribution of exigting stocks nets out of these incrementd benefit calculaions. Thisis
an appropriate gpproach, in order to evauate the incrementa costs and benefits of an incrementa size
expansion beyond current reserves.

Table2: Total Existing Strategic Stocks*

Region Sze
U.S. 563
Japan 315
Republic of Korea 43
Chinese Taipel 12
Europe** 325
Total 1258

* Strategic stocks as defined here are government stocks plus government-mandated commercial stocksin excess
of normal working stocks (40 days).

** OECD Europe government controlled stocks of which 63 MMB are government owned. Sources:
International Petroleum Statistics Report, DOE/EIA-0520(98/09), September 1998, Table 1.6. International Energy
Agency, Monthly Oil Market Report, Table5.

considered as strategic stocks available for drawdown.
Y This definition of strategic stocks was applied to the datain the stockpile survey in APERC 1998b, to

produce the Table 2. Based on the discussion in that document, our operating definition of normal working stocksis
40 days of production or imports, whichever islarger.
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4. Key Determinants of Stockpile Size Analysis. Stockpile Cost and Perfor mance Factor s

4.1. Oil Stockpile Costs

Table 3 below summarizes the cost and performance characteristics of the three storage technologies
given in the PB-KBB (1998) report: in-ground trench, hard rock mine, and salt caverns. The mgor
cost categories are facility capital costs, and Operations and Maintenance (O& M) costs. O&M costs
are given for standby operations (in ¥YBBL-yr) and fill and draw operations (in ¥/barrel).’?

Table3: Summary of Facility Cogt I nformation from PB-KBB

Technology In-Ground Trench | Hard Rock Mine Salt Caverns
U.S,, China, U.S,, China, U.S.,, China,
Suitable Countries Australia, South Australia, South | Austrdia, Thalland
Korea, Thailand Korea, Thailand
Capital Cogt, U.S., $/BBL-Capacity $15.68 $15.44 $5.51
O&M Cost, U.S., $/BBL-Y ear $0.16 $0.09 $0.17
Fill/Refill Cogt, ¥BBL $0.05 $0.05 $0.09
Drawdown Cost, $/BBL $0.07 $0.07 $0.10
Facility Size, MMB 100 100 100
Maximum Drawdown Rate, MMBD 117 117 117
Maximum Fill Rate, MMBD 0.27 0.27 0.27
Development Time, Years 11 13 8

This table also provides some of the important operating characteristics of these reserves which used in
the andyss. The most important difference isin the development time (8 to 13 years). The technica
maximum fill rate and draw rate are far faster than would likely ever be needed. Looking across
technologies, dthough there are some differences in operating, filling, and drawing costs of the three
technologies, the capital costs dominate by far. Figure 10 shows the discounted time stream of capital
cogs for program development. For al technologies, thereisan initia 3-4 year period of modest codts,
and then the bulk of capital costs occur around the middle of the development period. The Figure also
shows that the discounted capital cost stream for st caverns lies well below those of the other two
technologies. Sdt Cavern storage is available sooner and at lower cost. An even clearer contrast isin
Figure 11, which shows discounted sum of capita costs for each technology, on a per-barrel basis.
These NPV capitd costs per barrd are reported for different completion years. Since the rock and

8These costs are expected to vary slightly with the location of the site, based on host-economy costs.
However, such regional variations are modest, and can be accommodated by ex-post adjustment of any simulation
results. For simplicity, U.S. costs (in $/BBL) were used. Sincethe U.S. costs were generally higher than for other
countries, this can be taken as an upper bound on the cast of constructing, operating, filling and drawing down.
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trench technologies have longer development times, expressing costsin terms of equivaent completion
years accounts for the fact that rock and trench expenditures are not only larger, but would have to
begin sooner. In present value costs per barrdl, both the rock and trench technologies are dmost
exactly 3 times as expensive as sdt caverns completed in the same year. Thisratio holds true for any
year of facility completion. The NPV cogt of salt caverns completed by 2008 is $4.03/BBL. Based on
costs and operating characteristics done, there is never acase in which trench or hard rock storage
would be preferable, regardiess of when it isbuilt. For these reasons this andysis focuses atention on
st cavern storage. A quick rule of thumb, however, isthat if one of the other two technologiesis
used, capital cogs are approximately three times higher. Recognizing that there may be non-cost
reasons for choosing another storage site and technology than sdlt, we show some sensitivity anadyses
with respect to capita costsin Section 9.
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Figure 10: Time Stream of Discounted Storage Facility Construction Costs.
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Figure 11: NPV of Facility Capital Cost vs Completion Year ($/BBL).

4.2. Oil Stockpile Configuration

When consdering aternative reserve expanson sizes, the costs and operating characteristics of any
Sdzereserve are presumed to scale up for the PB-KBB data for 100 million barrels, in direct proportion
to the reserve ssize. Oneinterpretation isthat each reserveismodular: if 200 MMB dorage is
desired, two separate reserves are built, for 300 MMB, three reserves are built and so on. More
generdly, the scaling assumption impliesthat 1) there are no economies of scde, and 2) performance
characteristics are additive.

Because the technica maximum fill and draw rate capabilities are so large, they were deemed unlikely
to beused. Asan dternative, we have set the maximum drawdown rate to a Sx month exhaustion rete.
Thisis roughly consstent with the IEA gods and drawdown capabilities of the U.S. SPR. Smilaly, the
fill rate is set such that the incrementa reserve would be filled in 5 years, regardless of Sze. Theserates
will likely be based more on palitica or budgetary concerns than on technica design condraints. The
maximum drawdown rate and the refill rate grow with program size, meaning that alarger reserve can
both address alarger short disruption and alonger moderate disruption.
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5. Key Determinants of Stockpile Size Analysis: Disruption Cost Factors

In caculating the effect of disruptions, the eadticity of world demand determines the world oil price
change, ?P, for any given net oil supply shortfal (after supply offsets and the use of the reserve). The
two principal costs to APEC economies due to disruptions, increased cost of oil imports and
macroeconomic (GDP) adjustment costs, are then easily cdculated. The APEC-U.S. region’s net
import demand eadticity determinesimport levels| for the given price change ? P during the shock, and
shock import costs ? C, are the product of the import level and the price change:

2C,=17P

The macroeconomic losses during the shock are summarize by a parameter s, caled the * GDP-
eladticity” with respect to oil price shocks. The GDP dadticity specifies the percent GDP change for
each percent change in the ail price:

%?GDP . s %?PY

Recent research commissioned by the U.S. Department of Energy (Jones, Bjornstad, and Leiby 1997)
shed congderable light on the nature of the macroeconomic costs of oil price shocks. By improving our
understanding it o increased our confidence in the macroeconomic significance of oil price shocks,
and in econometric estimates of the magnitude of shock effects. For the purposes of this APEC reserve
study, independent econometric estimates were made for the individua APEC economies. The
methods used followed the generd body of oil shock research and relied on available aggregate
macroeconomic data. These estimates are discussed in Chapter 6 and are summarize in Figure 12
below. Figure 12 shows the GDP dadticity estimates for each APEC economy, adong with 90%
confidence intervas around those estimates. It aso show the aggregate GDP eadticity for the
combined economies of al APEC excluding the U.S. This eadticity is-0.065, with an estimated
standard error of 0.019.%°

BThisis avery close approximation. The actual calculation is done with the elasticity formulation:

2 GDP 2P,
1% 1% =
( P) ( P)

OThe aggregate elasticity for the combined APEC-U.S. region is based on a GDP-weighted average of the
GDP eladticitiesfor individual economies. Asarough approximation, the standard error for the combined GDP
elasticity isalso a GDP-weighted average. This approximation isaccurateif the errorsfor theindividual elasticity
estimates are independent, or if they are correlated with amix of positive and negative correlations that roughly
offset one another.
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6. Cases Considered

Past studies of the United States SPR have provided vauable insight into which factors most strongly
influence the vaue of drategic oil sockpiling. Thelist in the Table 4 below reports the parameters that
have been shown to be most influentia, in gpproximeate order of importance. Those parametersthat are
followed by “plus’ sgns (+) lead to higher benefits when they are increased in magnitude, and lower
benefits when they are decreased. The converse holds true for parameters followed by a“minus’ sgn
(). The number of pluses or minusesis arough indicator of the strength of the effect.

Table4: Key Parametersfor Strategic Reserve Size

Factor Strength of Influence on Benefits
Disruption Size Probability (+++)
Disruption Offsets (+++)
GDP Elasticity (+++)
Disruption Length Probabilities (++)
Import Demand Elasticities (++)
Reserve Fill Rate (++)
Import Levels (++)
Discount Rate (+-)
GDP Growth Rate (+)
Max Reserve Draw Rate )
Oil Price Path (+?)
Reserve Refill Rate/Policy )
Short-run Fud Switching )
Foreign Draw Coordination )

Recognizing these principa uncertain inputs which influence the reserve Size evauation, we sructured a
amdl set of important sengtivity-andyss cases. Ther inputs are shown schematicdly in Figure 13.
Each of the cases consdered a combination of the key factorsincluding disruption probakility,
disruption duration, and dack production capacity. The third of the most important factors, the GDP
eladticity with respect to oil price shocks, was consdered through sensitivity analyss applied to the
results of the basic set of cases. Because the results of the andlyses showed strong support for APEC
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reserve expanson, the principa focus of sengtivity anadys's was on assumptions which might diminish
reserve benefits. We aso considered different start years for the APEC reserve expansion (2000,
2005, and 2010), and two ail price paths (APERC' s reference case, and DOE/EIA’s 1999 base case
projection).

. _ _ Disruption I
Construction Disruption  Slack Duration Qil Price
Start Y ear Probability Capacity (months) Path

L ow High Lo /APERC

2005 wia |-Twia |20
6

—y

3,6,9

3,6,9,12

Figure 13: Schematic diagram of the main sensitivity cases consider ed.

Key: A case consists of one selection from each column. The arrows connect the selected elementsin the “ Base”
case. All combinations of the conditionsin boxes were examined, and alimited number of caseswere run with the
conditionsin ovals.
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7. Base Case Resultsof Incremental Storage Capacity

7.1. Summary of Base Case Assumptions

AsaBase Case, or point of departure, we examine the results of setting all assumptions at their middle
or reference levels, and assume that should a disruption occur, its duration would be random, and
uniformly distributed over 3 and 6 months. To recapitulate, the essentid Base Case assumptions are

listed below.

Table5: APEC Reserve Size Analysis Base Case Assumptions

Disruption Probability

DOE/Interagency 1990 base case (aweibull distribution over
disruption sizes, with a 1% annual probability of a disruption equal to
15% or more of world demand.)

Slack Production Capacity

EIA 1999 base path, corresponding to 3.4 MMBD in 1998, declining to
2.5 MMBD by 2015, and then recovering to 3.3 by 2020. Assumed
OPEC production capacity utilization rises from current 90% to 95%
by 2020 and beyond.

GDP Elasticity

Mid value, -0.065. Roughly, a sudden oil price doubling causes a 6.5%
reduction in GDP.

Disruption Lengths

Random, uniformly distributed over 3 or 6 months in duration (average
duration is 4.5 months).

Oil Storage Technology

Salt caverns. NPV capital cost is $4.03/BBL.

Program Start Y ear

2000. Beginning with site design studies and architectural engineering,
followed by facility construction. Fill begins 8 years after program
dart, for the Salt Cavern storage technology.

Undisrupted Oil Price Path

Base oil market conditions follow APERC “Basdling’ (B98) path (flat
inrea terms at $17.42/BBL., 1996 US$)

Foreign Draw Coordination

APEC, U.S,, and |IEA strategic reserves of approximately 1258 million
barrels are coordinated with incremental APEC reserves to mitigate
disruptions. All reserves drawn in proportion to their sizes.

Import Demand Elasticities

Following the DOE/Interagency 1990 analysis, APEC and World net
import demand eladticities for 1999 are approximately -0.125 in the
short run (first month of a disruption). Elasticities rise over the
duration of the disruption, increasing by 50% after 12 months. First-
month elasticities aso increase over time, rising to -0.15 by 2020.

Discount Rate

%

Fill and Refill Rates

Initial fill and refill rates are sufficient to fill reservein 5 years.
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7.2. Reserve Size Maximizing Expected Net Economic Benefits

The Base Case (Figure 14) results indicate that a substantial incremental reserve could provide about
$2.7 billion in discounted expected benefits, net of al costs. The peak benefits occur around asize of
600 million barrds, but benefits are roughly equivadent within 100 million barrds of that Sze. Whileis
alarge incrementd reserve, it may be viewed best as smply a 50% expansion of the current world
drategic oil reserves of 1258 million barrds. The sizeisjudtified on the basis of collective net benefits
to all APEC countries excluding the U.S., a group with enormous projected GDP and substantia net
oil imports. The sze concluson is aso predicated on the use of the least expensive storage dterndive
(sdt caverns), and the best available estimates of the sengitivity of APEC economy GDP to il prices
shocks.
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Figure 14: Base Case Resultsfor the Benefits of Incremental Storage Capacity (Mid Case

inputs, disruption lengths evenly distributed over 3 and 6 monthsin length).
Note: See DR99M1_out15.xls, case OAO.
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8. The Net Benefit Components of Stockpile Expansion

It isingructive to separate the total Net Benefits of aternative reserve sizes out into the various cost
and benefit components. As discussed above, the principal components are

GDP Savings - Avoided GDP losses due to disruptions

Import Cost Savings - Avoided import costs due to disruptions

Reserve Net Revenue - Reserve oil sdles revenue minus oil purchase costs and transaction

(fill/draw) costs
Capital Stream - A negative financid flow corresponding to facility capitd costs and O&M
costs.

Figure 15 shows how each of these components change as a function of increasing reservesize. The
benefit terms for GDP Savings and Import Cost Savings are poditive contributions, and are shown that
way. The Capitd Stream, representing capital and O&M codts, is shown as anegative term. The
reserve Net Revenue, or net oil costs for the reserve, is negative, indicating that on average the reserve
oil issold for less than its purchase cost (in red terms).

By far the largest benefit of the reserveis the Avoided GDP losses. For the combined APEC
economies excluding the U.S,, the avoided GDP losses are about three times as large as the avoided
import cogs. Thisisan important insght: while APEC economies are rightly concerned about their
growing levels of oil imports, the vulnerability of their economies to transtiond 1osses during sudden
price movements due to alocative did ocations appears to be an even larger concern. The curvesin
Figure 15 Also show the dow marginad decline of avoided import costs and avoided GDP losses asthe
reserve size expands. Thisis because asthe reserve increases in size, we would anticipate fewer and
fewer stuations in which the added szeisneeded. The first 100 million barrels provides an expected
marginal GDP savings of about $1.75 hillion, or $17.50/barrel. By 500 million barrels that margina
savings has declined to about $10/barrdl, and it declines more rapidly thereafter.

Capitd cogts and net SPR revenue are comparable in magnitude. The capital cost stream increases
proportionaly with the Sze of thereserve. Thisistrue because we treet al storage as of the same type
(st caverns), with the understanding that capacity can be expanded in 200 million barrel increments at
afixed unit cost. The net cost of reserve ail is not its purchase price, but rather its purchase price plus
transaction costs minus the expected, discounted saes price (either in a subsequent disruption or in the
reserve “savage’ caculation for the end year 2030). We see that typicaly the expected NPV oil cost
per barrd of stored isdightly larger than the capitd cost of the sdt cavern facility: about $6.90 per
barrdl.

The ahility to decompose expected reserve net benefitsin this way offers a powerful opportunity for
sengtivity andlyses. Knowing the magnitude of expected GDP losses dlows us to examine the

sengtivity of reserve net benefits to GDP levels, and to the GDP-elagticity with respect to oil shocks.
Knowing the magnitude of expected import cost savings alows sengtivity andyss with respect to oil
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import levels. And knowing capita costs dlows an exploration of how our results on reserve net
benefits (and efficient reserve szes) would change if a different (and higher cost) mix of storage

technologies were chosen.
16.0
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== |mport Savings
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Figure 15: Decomposition of Base Case Net Benefits Components.
Note: See DR99M1_outl5.xls, case OAO.
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9. Sengitivity of Resultsto Changesin Key Assumptions

In this section we report the effect on benefits and efficient reserve Szes if the expected duration of
disruptionsis longer (or a bit shorter) than the Base Case average of 4.5 months. We aso consider the
variaion of benefits under cases of lower shock risk, higher and lower GDP dadticity, and higher
capital costs.

9.1. Effect of Increasing Market Risk: Longer Disruption Lengths

This corresponds to an increase in oil market risk. It is reasonable to consder longer disruptions than
the Base Case average of 4 Y2 months, since the historical median disruption length is5 months. The
arithmetic average or mean historica disruption length is even longer, snce the observed length
digtribution is skewed to the right, with some very long duration events. There is however, the question
of whether the reserve ever can or should be sized to protect againgt very long events (12 months or
longer). In those casesthe “shock” beginsto look more like a change in market regime, and thereis
vaue to dlowing the price to (dowly) rise and induce the needed investment changes. Evenin those
cases of very long disruptions, however, the strategic oil reserve can help to buffer and dow the price
increase in the early months.

The sengtivity cases over disruption length shown below (Figure 16) indicate that the benefits of
srategic socks and the efficient stock size grow markedly as the average disruption duration increases.
If disruptions stay somewhat shorter on average than in the Base Case (i.e,, if they are uniformly
digributed over 1 to 6 monthsin length, averaging 3 %2 months long) then the efficient expansion of
drategic stocksis closer to 300 million barrels.
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Figure 16: Senditivity of Net Benefits to Disruption Length. If disruptions averaging longer
than 6 months ar e expected, and if thereserveisintended to address them, then substantially
larger reservesthan 600 million barrels are efficient.
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9.2. Effect of Decreasing Market Risk: Decreasing Risk of Shocks, Increasing Slack
Capacity

Since the Base Casg, and the variations around it considered so far, indicate such clear support for a
subgtantia expansion of the APEC reserve, it isinformative to congder the degree to which dterndive
assumptions which are mor e optimistic about the future world oil market may diminish that support.
The following four diagrams each show how the efficient sze of the APEC expansion would be smaller
if we expect lower market risk than the Base Case. Collectively, they indicate that an expanson is
worthwhilein al but the most optimistic assumption about the world oil market. Those optimistic
assumptions assume High Offsets. In the High Offsets Case there is a subgtantia quantity of excess il
production capacity available in the world oil market (5 to 6 million barrels) that perasts across the
forecast time horizon, and it is used in the event of adisruption. They dso assume that the lower
disruption probability distribution is used, meaning thet the likeihood of a very large disruption is hdf as
great asin the Base Case (i.e., a0.5% annual probability of 15% loss of world supply compared to a
1% probability in the Base Case). Findly this most optimistic case assumes that oil market disruptions
are no longer than 6 months in duration, and average a most 4 %2 months in duration.

On the other hand, without dl of these optimistic assumptions combined, there is generdly a sgnificant
benefit to be gained by expanding the APEC reserve. If only two of these optimistic assumptions
(regarding offsets, disruption probability, and disruption length) hold true, then an expansion of at least
200 million barrdsis worthwhile, and it could be very vauable.
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Figure 17: Sengitivity of Benefitsand Efficient Sizeto Lower Levelsof Oil Market Risk |.

In thisvariation on the Base Case (disruptions still average 4 ¥2monthsin length, but areless
probable and smaller), expansion of at least 300 million barrelsisbeneficial unless“High
Offsets’ can beassured. High Offsets correspond to substantial excess oil production
capacity (6.0 MMBD) persisting and being readily available in any disruption that may occur
through year 2030.
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Figure 18: Sengitivity of Benefitsand Efficient Sizeto Lower Levelsof Oil Market Risk |1.
These casesinvolve smaller, lesslikely, and dlightly shorter disruptions (averaging 3 %2
monthsin length). Here, an expansion of 100-200 MMB is still beneficial, or at least a
breakeven proposition, under the optimistic assumptions of lower shock probabilities and
shorter disruptions. However, if much higher dack production capacity (5-6 MM B/day) is
always available, then expansion isnot needed to cover short (1-6 month) disruptions.
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Figure 19: Sensitivity of Benefits and Efficient Sizeto Lower Levelsof Oil Market Risk I11:
In these cases disruptions ar e expected to typically last 6 months (uniformly distributed
lengthsover 3, 6 and 9 months). In these cases, expansions are beneficial under all but the
most optimistic expectationsregarding oil market risk. That most optimistic case assumes
low disruption probability and the persistent availability of large (5-6 MM BD) excess ail
production capacity.
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Figure 20: Sensitivity of Benefitsand Efficient Sizeto Lower Levelsof Oil Market Risk V:
Herewe consider lower disruptionsrisksin the context of longer disruptions, lasting 3,6,9 and
12 months. In the extreme case wher e disruptions ar e expected to be quite long on aver age,
and APEC economieswish to sizethereserveto protect against that risk, then an expansion
of 200 million barresisworthwhile under all but the most optimistic assumptions. Even in
that case, a 100-200 million barre expansion would break-even on average, and could provide
lar ge insurance benefitsin some extreme oil market events.

38



9.3. Effectsof Program Delay

The Base Case andys's assumes that the new reserve development beginsin theyear 2000. This
does not mean that APEC economies would be expected to commit to large expenditures that soon.
Asthe time stream of capitd cogts provided in Figure 10 shows, the first three years of expenses are
modest for al three storage technologies. The early years require Site investigation and engineering
gudies. Then, congtruction beginsin earnest. The most rapid expenditures, the oil procurement costs,
follow when the storage facility is complete after 8 to 13 years. Assuming that the reserve will befilled
over the space of five years meansthat it will not be complete until 13 to 18 years after the program
starts?!  Despite this consderable lag, and the rdlatively modest initid financial commitment required
by the reserve program, APEC economies may wish to consder delaying the program.

Delaying the reserve program moves capita codts, fill costs, and draw benefit streams back to more
distant times. For program sizes which yield a positive net benefit, the additiond years of discounting
will reduce the present vaue of net gains. Thisdiscounting is partidly exacerbated by the fact that a
delayed program offers fewer years of use, a least within the 31 year time horizon under consideration
(2000-2030). The benefit reductions due to discounting and reduced availability are partidly offset by
the projected changing (worsening) oil market conditions. That is, while disruption probabilities are not
assumed to change over the forecast horizon, world oil demand and oil trade is growing. Furthermore,
world excess production capacity, an important shock buffer, is projected to be a declining share of
production. Since disruptions are expressed as a percentage of world demand, later-year disruptions
are potentidly larger, and may have more-than-proportionaly larger cogts, since projected APEC
imports are growing, and the GDP s at risk are growing.

On balance, delaying the reserve program has a moderate effect on reserve benefits. As the net-benefit
curves in Figure 21 show, reserve programs delayed to 2005 or 2010 yield dightly lower discounted
benefits, and indicate dightly larger optima Szes.

LA more rapid APEC reserve could be developed by purchasing oil over the next few years and storing itin
existing space leased from the U.S. SPR. Later, the APEC oil could be exchanged or swapped out of the U.S. reserve,
and deposited in anew APEC facility elsewhere. This approach has the advantage of making the reserve available

quickly, and is also beneficial if the current low oil prices represent an unusual buying opportunity.
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Figure21: Effect of Changingthe Program Start Year. Delayingthe start of construction

lower s optimal net benefits and increases efficient size.
Note: See DR99M1_out15.xls, case PAO, PA2, PAS.
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9.4. Robustness Over Range of GDP-loss Elasticity

The GDP dadticity parameter is very important to the anadyss. The Figure 22 below shows how the
efficient reserve sze, and the net benefits gained at that Sze, vary asthe GDP dadticity isvaried up or
down by 30%, or within one standard error of the central estimate. The Figure confirms that our
essentia results on efficient size are robugt for variationsin GDP dadticity. For Base Case conditions
on oil market risk and disruptions of 3 or 6 months in length, the optimal Sze ranges from 300 to 750
million barrds. The resulting expected NPV benefits range from $0.9 billion to $6 hillion.
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Figure 22: Sendtivity of Maximum Benefitsand Optimal Sizeto GDP Elasticity. Lower GDP
Elasticity Reduces Net Economic Benefit (NEB), but Optimal Sizesand Net Benefits are Still
Subgtantial.
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9.5. Effect of Higher Storage Cost Technologies

Sengtivity andysis on storage costs alows usto infer the effects of using aternate storage technologies.
According to the PB-KBB study, the sdt cavern technology dominates the othersin terms of codt,
schedule, and environmental merits. However, given the lower avallability of sdt cavern stes, there
may be ingtitutiona or other reasons to consider storage in rock mines or trenches. Figure 23 below
shows that the net benefits of reserve expansion erode substantidly if the stocks are held in higher cost
facilities than sat caverns. Storing instead in rock or trenches essentidly triples the cost per barrel.
Thus, the sensitivity case for capital costs at 300% of the Base Case leve corresponds storing al the
additiond ail in rock mines or trenches. Even then, an expansion of 150 million barrels remains efficient
in the Base Case, providing about $0.3 hillion in benefits. If amix of salt caverns and rock or trenches
is used, then intermediate Szes and benefits are gppropriate (a storage mix which is haf sat caverns
and hdf other technologies yieds benefits of $1.2 hillion and an efficient size of 300 million barrels).
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Figure 23: Sensditivity of Maximum Benefitsand Optimal Sizeto Capital Cost. Efficient size,
and the net benefits obtained at the efficient size, both decline but remain positive if higher
cost storage options must be used.
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10. Egtimation of Benefitsfor Different APEC Economy Groupings

The results given above are for the economic group APEC lessthe U.S. (APEC-U.S). It would be
interesting, however, to consider what optimal size (including zero) would develop for different
groupings. This section describes the findings from the smulation andyss of APEC drategic all
stockpiling using different groups of countries as the bass for computing expected benefits. The results
of thisandysis (shown in Figure 24 and Table 6) correspond to the base case assumptions givenin
Section 7.3 above.

All APEC,;

APEC-U.S;;

China, Chinese Taipel, Philippines, Japan, Singapore, South Korea, Thailand, (Adan Seven);
Adan Seven less Jgpan, adding Hong Kong;

Japan done; and

Adan Seven less Japan and China, adding Hong Kong.

oSubkwhNE

15

10

NPV (Billions $96)

—&—A||l APEC
=@ APEC-U.S.

== Asian7

=&—Asian 7 less Japan add Hong Kong
=6==Japan

== Asian 7 less Japan and China add Hong Kong
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Figure 24: Net Economic Benefit for different economic groupings. Base Case Assumptions.
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Table6: Net Economic Benefits of Expansion for Various Country Groupings

Incremental SPR Size

0 100 200 300 400 500 600 700 800 900( 1000

(MMB)

APEC 000| 234| 429| 592| 723 828 909| 969| 1010| 1033| 1040
APEC-U.S. 000| 09| 167| 219| 252| 268 269| 257| 234| 200 156
Asian 7 000| o051 08| o097 o097| o084 059| 023 -021| -075| -135

Asian 7 less Japan add
Hong Kong

000 -023| -057| -100| -153| -214( -281] -354| -433( -517| -6.04

Japan

000| -043| -095| -155| -222| -29| -375]| -458| -546| -638| -7.33

Asian 7 less Japan and
Chinaadd Hong Kong

000| -0.73| -153| -237| -326| -420| -516] -616| -718| -823| -9.30

The crucid factor driving the results presented here is that, Since the price-mitigation benefits of oil
stockpiling are shared globdly in anon-rivarous (public good) fashion, adding more and larger
economies to the benefits caculation uniformly increases the measured benefits, with no effect on the
stockpiling codts. The benefits to each country are composed of two terms, one roughly proportiond
to its GDP and the other proportiond to itsleve of imports. Smaller countries (with smdler GDP sand
lesser imports), or even groups of smdler countries, may not accrue sufficient benefits on their own to
judtify the subgtantial cost of oil acquidtion and storage facilities. From the results given in Figure 24
and Table 6, four ingghts can be drawn.

1.

All-APEC Achieves Gregater Benefits and Larger Optima Size than APEC-U.S. Thisresult is
not surprising, athough the magnitude of effect may appear large. Theresultsfor U.S. done
(not shown) point towards a 200 MMB reserve expansion, for APEC-U.S. a600 MMB
reserve, and for al APEC including the U.S. 21000 MMB reserve. The reason for thisis that
while benefits are additive, the optima sze is not grictly additive.

Outsde the U.S., No Single APEC Country Can Afford To Go It Alone. As
Figure 1 and Table 1 shows, even Japan, the largest of the non-U.S. APEC economies, can not
judtify increasing its reserves when acting done?  Only through cost sharing arrangements with
other countries can any one country expect to come out ahead.

Asan-Pecific APEC Could Justify Increased Reserves. Based
upon the results for the "Agian Seven" shown in Figure 1 and Table 1, agroup of the larger
economiesin the Asan-Pecific region could judtify increased reserves, dbet dightly smdler

2?Based upon cost benefit analysis. There may be other non-quantifiable reasons for increasing Japan’'s

emergency oil stocks but these are outside the scope of this study.
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reserves than the APEC-U.S. region (400 MMB in the base case, compared to 600 MMB).
For the Asan Pecific APEC region as awhole, the optima size will be larger.

4, Japan and Possible Chinamust be Involved. For
an Asan-Pecific reserve to be judtified on an economic cost-benefit basis, Japan and China
must be involved. The combined GDP exposure (GDP and GDP dadticity) and net imports for
the Adan-Pacific APEC economies outside of Japan and China are smply not enough to
outweigh the stockpiling costs. This of course does not mean that these countries would not
benefit from maintaining stocks. Rather, their benefits are too smdl relaive to the costs. Only
by including Japan and possible China would the aggregate economic benefits be greater than
the costs.

These observations dl rely solely on expected values of the measured economic net benefits, under
base case assumptions. Oil stocks can have markedly larger economic benefit under more risky oil
market conditions than those considered in the Base Case, for example if disruptions are somewhat
longer on average than 4.5 months, or if the amount of spare il production capacity available during
disruptionsis less than what is anticipated here. Furthermore, certain APEC countries may aso
attribute value to stockpiling for additiond reasons, such as risk avoidance, palitical or foreign policy
condderations, and the recognition that if enough countries individualy engage in stockholding, they dl
collectively will come out ahead.
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11. Overall Conclusons Regarding APEC Reserve Size

The analysis presented here strongly supports the conclusion that expanding the APEC reserves by at
least 200 Million barrelsis judtified on the basis of its expected net benefits to APEC economies. Our
evauation considered the combined net benefit of expanded reserve sizesto dl APEC economies other
than the U.S.. It included the reserve’ s ability to reduce GDP losses and oil import costs during oil
shocks, and subtracting the costs of building, filling, and operating the reserve. The conclusion that a
subgtantia reserve expangion is judtified holds true over arange of conditions, including more optimistic
oil market assumptions which entail lower disruption risk over the next few decades. It dso holds true
for arange of variation in other key parameters such as the GDP eadticity with respect to ail price
shocks, and for substantialy higher storage cogts than those of the least expensive dterndtive,
underground sat caverns.

When it comes to andyzing the oil market, and its effect on world economies, there are unavoidably
many uncertainties. Nonetheless, while our state of knowledge isimperfect, we gtill have afoundation
on which to proceed, and proceed we must, making the best use of historical experience and expert
judgement. Our estimates of the magnitude of macroeconomic loss that APEC economies could suffer
during afuture oil shock are based on the well-established empiricd literature for OECD economies.
That established methodology was extended to all APEC economies using the available dataon
historica macroeconomic performance and policies for each economy. The input conditions for oil
market risk (including disruption probabilities, disruption lengths, and available dack production
cgpacity during adisruption) are among the most difficult of dl factorsto establish. For thisandyss,
we relied on “Midcasg’ disruption probabilities constructed for the 1990 U.S. SPR size study, by U.S.
DOE/Interagency team. As described above and in U.S. DOE (1990) these probabilities, while
deemed the best available, are till far from certain.

For the Base Case presented here, the efficient incrementa reserve size is about 600 million barrels,
yielding an expected net benefit of about $2.7 hillion (U.S. $). Whilethismay seem likealarge sze,
particularly for the Asan APEC countries done to develop, it should be viewed in the context of the
exiding globd drategic oil socks of roughly 1.26 billion barrds, growing oil imports, and the enormous
combined GDP of APEC countrieswhich isat risk. In many cases, even amuch larger reserveis
efficient. Specificdly, the value of drategic oil sockpiling and the efficient reserve sze grow markedly if
we anticipate that future disruptions may be, on average, afew months longer than the somewhat
optimistic “base” assumption of 4 ¥2 months average duration gpplied here. The history of 18 ail
market shocks since 1951 indicates a median length of close to 6 months.

The determination of efficient Sizeis based on a generd understanding of reserve benefits over arange
of szesand conditions. Itisnot a“precise estimate” The modeling and estimation gpproach taken
here is congstent with the wise advice of UCLA Professor Arthur Geoffrion (1974), an expert in
modeling: "The purpose of mathematical programming isinsight, not numbers™ Theingght provided by
these modeling experimentsis that a substantial addition to APEC reserves is worthwhile under awide
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range of conditions, including a number of conditions ordinarily unfavorable to srategic storage. The
results may even underestimate the efficient expanson sze, since they presume thet dl of the exiging
globd “srategic stocks’ (both government-owned and government-controlled commercia stocks) will
be promptly used and well coordinated in the event of adisruption.

The sengtivity analysesin Section 9 clearly show that the net benefits and efficient Size of the reserveis
much larger if average disruptions are longer than in the Base Case (i.e, duraions of 6-9 monthsvs 4 Y2
months). The sengtivity analyses also show that expansion can provide net economic benefits under al
but the most optimistic assumptions regarding the likelihood of disruptions and the availability of excess
oil production capacity. Even under these most optimistic assumptions, if disruptions are expected to
be an average of over Sx months in duration, expanson is beneficid.

By looking  theindividud components of net benefits, further sengitivity andysisis made easy. For
example, we can eadly infer the effects of using dternate storage technologies and the resulting higher
capitd cogts. Sengtivity analyses with respect to facility costs show that the net benefits of reserve
expangon erode subgtantidly if the socks are held in higher cost facilities than st caverns. Storing
ingtead in rock or trenches essentidly triples the cost per barrd. Even then, an expansion of 150 million
barrdls would be efficient in the Base Case, providing about 0.3 hillion ($96) in benefits. If amix of sdt
caverns and rock or trenchesis used, then intermediate sizes and benefits are appropriate.

Sengtivity anadyss with respect to the very important parameter GDP dadticity issmilarly
graightforward. That andyss confirms that our results on efficient Sze are robust for variationsin GDP
eladticity up or down by 30%, or within one standard error of the estimate.

Findly, we can estimate the benefits of additiond drategic storage for individud APEC member

economies. Wefind that essentialy al member could benefit, even those that are net oil exporters,
from the greater oil price Sability afforded by alarger reserve.
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