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Optimal LNG Procurement Policy in a Spot Market Using
Dynamic Programming

Jong-hyun Ryu

College of Business Management, Hongik University

Among many energy resources, natural gas has recently received a remarkable amount of attention, particularly
from the electrical generation industry. This is in part due to increasing shale gas production, providing an
environment-friendly fossil fuel, and high risk of nuclear power. Because South Korea, the world’s second
largest LNG importing nation after Japan, has no international natural gas pipelines and relies on imports in the
form of LNG, the natural gas has been traditionally procured by long term LNG contracts at relatively high
price. Thus, there is a need of developing an Asian LNG trading hub, where LNG can be traded at more
competitive spot prices. In a natural gas spot market, the amount of natural gas to be bought should be carefully
determined considering a limited storage capacity and future pricing dynamics. In this work, the problem to find
the optimal amount of natural gas in a spot market is formulated as a Markov decision process (MDP) in risk
neutral environment and the optimal base stock policy which depends on a stage and price is established. Taking
into account price and demand uncertainties, the basestock target levels are simply approximated from dynamic
programming. The simulation results show that the basestock policy can be one of effective ways for pro-

curement of LNG in a spot market.

Keywords: LNG procurement policy, Markov decision processes, Finite-horizon Dynamic programming, Trinomial

lattice model, Stochastic optimization.
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Source : www.eig.gov.

Figure 1. Henry hub natural gas spot price and logarithm of the price
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<Table 1> A 3|4 o} 7 FAAT ghae BAF
94,

Table 1. Parameter estimation in (3) using the Henry hub natural
gas spot price (2012~2014)

Parameter Estimate

A7z 20 AEVM A i ¢ 1.2675
Haozo FA&EE x 1.6863
2I2HE7HA9] WEA o 0.3532

4.2 53 A& (Dynamic Programing)

npI X APAA 2 A 2 (Markov Decision Process, MDP)
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ING 2& o488 =3 59 2X(D)E 7Haax
<Table 2>$} 22 B EE X E 183}

Table 2. Discrete Probability Distribution of the natural gas
demand

Demand 0.2 0.3 0.4 0.5 0.6 0.7
Probability | 0.05 0.15 0.4 0.25 0.1 0.05

5.96 5.95
P $ $
07
$5.01 58— $5.00 4.99
/ 35 i $
$4.22 85 —x $4.20 |K<— $4.19 : $4.18
. / 25 d .
< ; /\:
$3.55 | 67 —| $3.53 /T 67 $3.52 $3.51 |<— &7 $3.50
a7 v V '1;
I $2.96 $2.95 K— 6 —= $2.94 < — .

.07
$2.07 = &2 — $2.06

Figure 2. An example of a trinomial lattice model of natural gas spot prices



264
T 54 T2 197 (backward dynamic programming)< ©oF
ot 2o HPoE Agd ot
Step 0 : HZ717F 7oA Y THE BE 2,0 S Fete 1A
g HEs 2713 9
Vg g, dy) SqL
Step 1: A Ade], =714, & 25 & A (state) 2
3L, S, = [z, s, d,]= B otH ofef o 2 4
0% 7t5d 7,9 dete RE VMATTY HES
T& AT A7 o (dt)% SH Y TEETG
B0 74 sk ol4kstet gl a, BETHA (s,)v A

AAee2 o gaROn, ADEEE 4., —r
—d, 2 3T 5 Atk A MY AT 2, T
SA71Y THed A LT E (2, ) E LB 8 s

8
&
+

RE g et S ges T 15 HHY #te

v,(s,) 2 3.

V,(S,) =max|—gqs, —hz, +v > P(s'1S) Vi) |-
q: s'E84,

Step3:tE 1HHZ ZAANI|IL ¢ >00]H Step 12 FO}7FAL

ohm % Lw
A2 ARV AT5F0] £LFE Be 78 2
7 2o A% 2A 242 AR 42 713 Gol A
A BT G, AE710) L5 )% AL B
A7 ek, BAH 0 2 A 277} Aol Aol W
2284 wom A3yl Aol EAA goma
of 443 % 271(t < 7/2) o HHal(g)%o] BAZ o

%
x ot
oft
o

A e AT & Aok YA F7)(¢ > 77/2)9
= AN ES ALTA Y v LA g7} ool A
A FHAHE AASHA = E3ThPowell, 2007). Z, 24713t 5
QHe H A& FA T 27]9] HA s ETol ‘6&%‘@ ojm|7}
AT E 5 Atk o] & FH3L7] fei A, AlRto] Ay A]
A&HA HEL DE 7HE0] #3HL 1 AH 2L FE
VA & BdE A58t EEatojok gt mekA AR
& M4 2wl HEtE e (state) S 1Eiste] FA T2
W& AR Lt M2 FulEYE HITM: gt & Ao
Hog Zolxl HAs S 5 2719 AL 7o AH YAt
AR 82 F lon A& #EHe HEE <t
R B&%%%ﬂﬂlOlEHOiOl: g}

il

l

43 FXAY A5
9o mdlol| A 22 2 A3 E Mote Carlo A E# 0] & 53]
FEAE H/IEIAT FRLETE <Table 2>} & X E T

3

3l FEIHA L <Table 1>9 M B F 7] M4 FES
Ol 43t 4 ()& ol &3t ENHA S BHAH T AL =

S ARG 1, AAG R 32 0.05HY 2 4T 5 Yok
HSE T &, 2109 A14EE 1EstAt 27 AasE
2002 Aot A =7HE 2 exp(¢) =$3.552/ MBtu
Z Atk AL RAH G hEUS. A8} v S8t 71 ol A
h= $0/MBtuZ 7533 THSecomandi, 2010). T o}2) 9}
22 A 7k B L o] &3] 7] 24 117 #(basestock policy)
o} 74 & B 718k At

1. %QI 12N A2 AP 7MAFES s Vi

R Al B o Hol 0] &3 A E7HE S A& ol

7] Wil E7HE o] A3HA 2R 9 (trinomial lattice model)

A 1HE o|4stE NMEE F S ThE T A A9
1AL AAE A8kt

2. 247 Td(Deterministic Model) 2 T3l 2 71X 84

e VIR BRI o714 244 2 dE7HA 9

My g se ‘?ﬂ%*&‘% FASHAL FAE s A stk Aol

?4_57}7:' oi :r“x’:} atod % "]7]
3. e FH = Fopdl H2A 9 7}7461:5? s VEEA
o V& o] YA o] 83 Rl e dA Brbed BY
ZHg a9 @249 g2 e < Ao 7H st
o &% &4 A€ ™ (backward dynamic programing) >.& T
St A& V‘q*]'ﬂoﬂk] ng ol d=7tA 3 o s
AN 0159 FES AHESIT] W E el HEES 17
oA B AA 2 of ofa ezl g Aot wet

I
2 9
A, HEAS AW o2 AANT APge 2L

A B
LR
% vl g

ox

e LR
SRR R

o
%k
v
ofr
-
=
ox!
)
1o
ol
24
ox,
(o
ot
N
N
of
ol
N

RV%)ase — ] _ ,
%

RV"™< 3} Ry™ s V2 7| 2 A 1A A & o] & 7}
(V)7 7HA S 8 o) B8t &
A (Vs S AR E 7P 1 H A 5hE 7
(V) vl g Fo A 7EA 84 Fh(relative value)©]
RVM e} Ry e A S48 2L ANE AUSS

Monte Carlo Al E# ©] & 14 3t 1000712 24712
T8 FES 4 (3)F <Table 1>, <Table 2> 2J3] A
I ARZ FeodQ ryest gyt P &
<Table 3>} <Figure 4>l A B30 T}, <Figure 3>°ﬂ
<Table 1>} 2] (3)0l 9J3te] A a4A A= =714
EAR A 4NE HAF 1 Q)

.
ot

o£

o

=

Ar)

Qﬂ

N

&2

(3
Xt

i
4 o 4

o=

U

N
i~

R
X E

L

lo

ozi—L
nu

o
o] ]
7}
2
4

_>L_>,L‘§2_IEF1JI,E
ol TIF W

i_



54 AYYS o $8 NG BEARIN EFele 744 265

Table 3. Comparison of results of relative value functions with

different spot price variability
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Figure 3. Four Sample Paths using values in Table 1 and (3)
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Figure 4. Comparison of RV?*¢ and RV™ with different spot
price variability
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