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ECONOMIC IMPACT ANALYSIS OF NATIONAL
NATURAL GAS STORAGE

Natural gas storage is meaningful for governments undertaking national energy risk man-
agement at the potential stage. The analytical solution used in this study is based on the DIS-Risk
simulation model developed by P.N.Leiby & D.Jones (1993) in order to analyze strategic petro-
leum reserves. Annual natural gas supply disruption is simulated herein via the beta probability
distribution, and then it affects annual natural gas import prices, supply and demand. Finally natu-
ral gas supply disruption causes gross domestic product (GDP) losses and higher natural gas im-
port costs. As the result of the Monte Carlo simulation for 5,000 times results in the domestic natu-
ral gas supply disruption, the national natural gas storage capacity is estimated as the range from
1.30 to 2.25 million tons. The economic effect of avoiding losses ranges from US$ 10,9 billion to
US$ 17,7 billion and the total cost US$ 3,4 billion to US$ 5,6 billion over a thirty-year period
from 2006 to 2035.

[IpuponHble XpaHWIMIIA Ta3a UMEIOT 3HAYEHHE ISl TIPaBUTENLCTB, YIPABISIONINX YHEpPre-
TUYECKHMH PUCKAMH Ha HAI[IOHAJIHHOM YPOBHE. AHAJIMTUYECKOE PEIIEHHE, TpeularaeMoe B 1aH-
HOU paboTe, OCHOBBIBAETCsA Ha MaTeMmatuieckoi mojaenu DIS-Risk, paspaborannoii P.N.Leiby &
D.Jones (1993) st olieHKH CTpaTErHYECKHX 3armacoB HedTenpoaykToB. ExxeronHpie cOou mocTaBok
raza MOJAEIHPYIOTCSl TOCPEICTBOM OeTa-pacnpeiesieHns] BEpOSTHOCTEH, BIHSIIOT Ha CTOMMOCTh
HUMIIOPTUPYEMOTO MPUPOAHOrO ras3a, Ha crpoc u npeanoxenue. COOM MOCTaBOK raza MPUBOMAST K
CHIDKEHHIO BaJIOBOIO BHYTPEHHETO IMPOAYKTa U YBEJIIMUEHHUIO 3aTpaT Ha UMIIOPTUPYEMbIil IPUPO.I-
HBIH ra3. B pesynbrare MonenupoBanust o meroay Monte-Kapio st cOoeB MocTaBoK IPHPOITHOTO
ra3a eMKOCTh HallMOHAJbHBIX XPAaHWIHUII MPUPOTHOTO Taza oreHruBaercs B 1,3-2,25 MJH T. DKOHO-
MUYECKUH 3P PEKT OT MPeAOTBpAILeHUs TaKUX 10Teph cocTaisier ot 10,9 no 17,7 mipa non.CLIA,
o0rrue pacxopl B penenax ot 3,4 no 5,6 mipx non. CIIA ¢ 2006 o 2035 rr.

INTRODUCTION

Michael Regester & Judy Larkin (2005)
suggest the issue and risk lifecycle analysis
method in risk management is made up of the
potential, emerging, current, crisis, and dor-
mant stages. Natural gas storage is meaningful
in effective risk management for diminishing or
reducing the shock of a quantitative energy cri-
sis at the potential stage.

METHODOLOGY

The analytical solution used in this study
is based on the DIS-Risk simulation model
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(P.N.Leiby & D.Jones, 1993; P.N.Leiby &
D.C.Bowman, 1997; P.N.Leiby & D.C.Bowman,
2000; P.N.Leiby, 2003). In this model, several
stockpile sizes are compared side by side. They
are subjected to the same random disruptions as
simulated in Eq.1. Natural gas supply disrup-
tion size depends upon the beta probability dis-
tribution, same as in the case of petroleum. An-
nual reserves are specified in terms of cost and
target size. Natural gas supply disruptions are
simulated against reference paths for natural
gas prices, supply and demand, as seen in Eq.2:
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where A, (#)is the domestic natural gas supply

disruption, D,,.(#) is the base natural gas de-
mand, £, (¢t)is the base natural gas import
price, S,is the natural gas supply through na-
tional storage in the function of offsets, A, ()

is the effective domestic natural gas supply dis-
ruption after offsets, P(A,,) is the effected

natural gas price after disruption, and &(A,,) is

the elasticity of demand effected on the natural
gas supply disruption.

After offsets, if A,(f) is not zero, then
natural gas supply disruption affects natural gas
import prices, supply and demand. Finally natu-
ral gas supply disruption causes gross domestic
product (GDP) losses and higher natural gas
import costs, as in Eq.3 where o is the elasticity
of the GDP brought about by natural gas price
levels.

CVimport(lj(Ast )) = (P(Ast ) - ljkr)(Dkr (P(Ast )) - Skr)7
Corios\ P(A))=GDR.[1-(P(A,)/ F)°].

The economic impact of non-covered
natural gas supply disruption is quantitated as
an expected net benefit in the present value of
year 2005. The expected net benefit is depend-
ent upon avoiding GDP losses and higher natu-
ral gas imports, offsetting the costs of natural
gas storage construction costs and operation
costs including overseas natural gas purchase
and domestic provision costs.

DATA AND ASSUMPTIONS

In this analysis model, first to be distrib-
uted is A, (¢), the domestic natural gas supply

disruption size and probability. Through the
historical analysis of oil market disruption, Park
& Lee (2002) determined natural gas supply dis-
ruption distribution as beta(0.15, 3.7991), the

distribution with a 1,3 % probability in disrup-

tion size from 10 % to plus infinite. In this
analysis, the distribution of Park & Lee (2002)
is accepted but the disruption is limited to 15 %
in size. The duration of the natural gas supply
disruption is assumed to be wuniform (1, 6), the

uniform probability distribution from one to six
months considering the seasonal fluctuation of
natural gas and the findings of Park & Lee
(2002).

Secondly, the base economic factors for
the natural gas are determined as follows:
B, (1), the base natural gas import price, is set

by the Energy Information Administration
(EIA), 2005, Annual Energy Outlook; D, ()

and GDF, , the demand and GDP, are set by

the EIA, 2005, International Energy Outlook.

When the domestic natural gas supply dis-
ruption after offsets is effective, thirdly, the
elasticity factors are determined as follows: the
elasticity of the natural gas import price af-
fected by natural gas supply disruption is de-
termined as 4 under the original DIS-Risk as-
sumption and considering the findings of Park
& Lee (2002); the elasticity of demand affected
by the natural gas supply disruption is deter-
mined as -0,09483 through an analysis of Gang
(2004) short-term demand elasticity of natural
gas products such as town gas and electricity;
the elasticity of the GDP affected by the natural
gas price level is determined through an annual
weighting analysis under the DIS-Risk assump-
tion and taking into consideration the findings
of Park & Lee (2002). For example, in 2006 it
is 0,081 %.

RESULTS AND DISCUSSION

Using this model and data, the economic
impact over the next thirty years (2006 to 2035)
is determined as follows. All values are calcu-
lated in year 2004 values and the discount rate
is 7 %.

First, the Monte Carlo simulation for
5,000 times results in the domestic natural gas
supply disruption as shown in Fig.1. The prob-
ability of the natural gas supply disruption is
smaller as the size of the natural gas supply dis-
ruption is larger.

Second, as a result of the disruption and
base supply and demand, the national natural
gas storage capacity is estimated as shown in
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Fig.1. Supply disruption distribution Fig.2. Expected national storage capacity (in million tons)
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Fig.3. Expected benefits (in US$ 0,1 million)

Fig.2: the minimum is 230,000 tons, the maxi-
mum is 4,56 million tons, the median is
1,73 million tons, the average is 1,82 million
tons; and the 50 % confidence interval exclud-
ing extreme cases ranges from 1,30 to
2,25 million tons.

Third, a disruption of the natural gas sup-
ply should create economic losses, but releas-
ing national natural gas storage in effect avoids
losses. The disruption of the natural gas supply
increases natural gas import costs despite de-
creasing demand for natural gas because of the
extreme increase in the natural gas prices.

The effect of avoiding an increase in natu-
ral gas import costs is as follows: the minimum
is US$ 1 billion, the maximum is US$ 16 billion,
the median is US$ 5.9 billion, the average is
USS 6.1 billion, and the 50 % confidence inter-
val excluding extreme cases ranges from
US$ 4,6 billion to 7,5.
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Fig.4. Expected costs (in US$ 0,1 million)

The effect of avoiding GDP losses is as
follows: the minimum is US$ 1,3 billion, the
maximum is USS$ 21 billion, the median is
USS$ 8 billion, the average is US$ 8,3 billion,
and the 50 % confidence interval excluding ex-
treme cases ranges from US$ 6,3 billion to 10,2.

The total effect of national natural gas stor-
age is as in Fig.3: the median is US$ 14,0 billion,
the average is US$ 14,5 billion, and the 50 %
confidence interval excluding extreme cases is
from US$ 10,9 to US$ 17,7 billion.

Finally, the total costs for national natural
gas storage are shown in Fig.4: the minimum is
US$ 0,8 billion, the maximum is US$ 11 billion,
the median is USS$ 4,5 billion, the average is
USS 4,6 billion, and the 50 % confidence inter-
val excluding extreme cases ranges from
USS 3,4 billion to 5,6. These costs are consid-
ered the gas losses in a 0,04 %/day boil off rate
in the underground storage case.
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