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A Study on the Extraction Value of Helium from FHNG

Kim, Si Kwan

Department of Offshore Plant Management
Graduate School of Maritime Industrial Study,

Korea Maritime and Ocean University

Abstract

Helium is a limited resource, and it is analyzed that the demand
will gradually increase due to the development of high-tech industry,
and the price will continue to rise. The helium extraction process
requires a very low temperature cooling system called 'Cryogenic
Process' and pre-treatment process. Since F-LNG already has natural
gas liquefaction process and pre-treatment process, 1t can be combined
with LNG production process and helium production process. When
selecting the process for helium extraction in F-LNG, the extraction
rate is over 90% except for the Technip distillation process.
Considering other factors, 1t 1s the most advantageous to use a
distillation-based APCI distillation system capable of increasing the

calorific value of the liquefied natural gas for sale by reliably

- viii -

Collection @ kmou



removing nitrogen gas and minimizing the nitrogen concentration of the
fuel gas supplied to the compressor and power generation turbine
engine. The APCI distillation system is economical in terms of power

consumption because i1t does not require a separate compressor.

Helium price forecasting is also an important investment factor.
Data for analyzing helium price fluctuations are based on the US
production, global production, consumption, and pricing reports from
1935 to 2015, which were prepared in Bureau of Land Management (BLM)
and estimated helium price up to 2030 by means of SPSS analysis
program. The helium value increase has been confirmed to be related to
consumption and production, and The value of helium will continue to

rise and in 2030 it is predicted to double price that of 2015 s.

It was true that the price of helium would rise. In order to confirm
the additional profit from helium extraction in F-LNG, the LNG
production was 3.0 MIPA and the liquefaction process was selected as
the F-LNG model with APCI DMR process. And Linde distillation process
was applied for helium extraction. Through the production of helium
and the forecasted price of helium, additional profits from helium
extraction for 10 years from 2021 to 2030 were approximately USD 266

million (about 300 billion won).

KEY WORDS: Helium extraction, F-LNG, Natural Gas, Pre—treatment,
SPSS analysis program
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UCHE HopHHAIIA 28 A0 F otH =0 OI0 HIoHH oHaE F-LNGE
d2, JIAZ0A 2EE JtAsE FANGZ 0ls&E Ol=0 Hat & MELJACH
b HotEANA =& M2 otHECH O U0t |4 £2 olaol ?AXIE
Cte X0IB2=Z 2ot dHIIASl XMel & st 2l ME & ot U

N 2 X0IJF A 20l [Table 21]01 F-LNG2t =& HopdHIIA SHES
&, S8 S HluwotL

[Table 2.1] Comparison of F-LNG vs

onshore LNG plant

Comparison

Onshore LNG Plant

LNG-FPSO

Construction Method

Manufactured and installed at the local
liquefaction plant construction site.

Constructed at the shipyard and moved to

the production site.

Mobility

No mobility

After the completion of the gas field
production, it can be reused by moving to

other gas field

Target gas field

Large scale gas field (usually aver 5 Tcf)

Medium scale gas field (1 ~ 5 Tcf)

Production train capacity

Production of 2-8 million tons per year

Production of 1 ~ 3.5 million tons per year

Pipeline required

Need(betweaen gas field and plant)

Needless
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222 &AH JIA HM2l 2F(Acid Gas Removal Unit, AGRU)!M

IMAECZREH BsHes dEIIANE LEHHECZ 0N EAL EoleaA
2 Jlet Chest & 4200 EZSEH QUCH AEIEA(Sour gas)el EREE
NESEZ XH0[JF AU2M, [Table 22]0A HopHHIIA o XHE HAHAIA
T4 425 g golg » U

[Table 2.2] Raw gas composition by region
Composition Northern Oman N.W. North Africa USA
mol% Wyoming Onshore Alberta Offshore Onshore
He = 0.8
N2 11 11 17 14.6
e 58.9 79.9 58.6 63.9 44.6
co2 19.2 5.9 34 13.6 26.8
c2 8.6 5.2 7.9 33 9.4
H2S 21 4.7 17.1 0.1 1
c3 4.9 2.9 3.2 1 1.7
c4 3.3 14 2.3 0.5 0.7
C5 1.4 1.2 0.3 0.4
C6+ 0.5 5.2 0.3 0.2
Ratio H2s /
0.1 0.44 0.83 0.007 0.04
(H2s + CO2)

B3t OlAISIERA T2l JIEr 2E 222 MHole &2 SA4Fo
JtA XMel(Gas Treating) = Gas SweeteningOl2tl) StCH JbA
HHE MAE DA E, HOIAS @7 MB(Ees =) XelH (@S = H©
JIZ) & THOH JtAQ 2B EZ0 Tet Jta & 0
HIAN HEL=E 434 JIES 449 &

A2 2 50ppmv ==2 =2 Ml Mol OF &HCt.

o| st

{0 I

M HZ22 JIAE MAHoH)| /st & &AHlE Acid Gas Removal Unit

(AGRU)ZtD) BtCt. BIRO=2 A82H= F£ 3dle s&d g4+ Sl
0

_'IO_
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1. 3t8t& S 24=(Chemical Absorption)

0R
Ql
=)
ol
I
14
(]
Ja

MEA, DGA, DEA, DIPA 2 MDEA2 Z2 O0tel(Amine)g Ol

£ 0/1Edt= &0l
Ot BN o2 AIRElE=E otel2 G381t 20
1) DGA a primary amine (often around 40%-50%) Diglycolaminel
2) DEA a secondary amine (often 25%-30%)

3) MDEA a tertiary amine (often 40%-45%)

4) 2483t MDEA 0= Il HcH (Piperazine)t 22 Z43IME ALEG6HH,
BE =SS0 WetA Ol&tetE Aot &5t 2% MAHELE [Fig 2.51= Od

H H

/
HO= C = C=N H=C-=0C =C
LN\ A8 =Y

Monoethanolamine (MEA) H OH H
| | |
H—€—C =0
| | |
H H H H H H H
[ e ; I
HO=C — Diisopropanolamine (DIFA) Hi— cl -
| | | I
H H\ H II\ I
N=H N=C=H
H H H H |
I [ H
HO—C = C HO=C = C
| | | I
H H H o H

Diethanalamine, DEA Methyldiﬂhénﬂlamine, MOEA

[Fig. 2.5] The structure and formular for amines

2. 2c2l& E2=(Physical Absorption)

AH), Purisol(SE8 A E) S

AT Selexol (S

= =2
Z0H0F AFE2E & QUL Olgiet 232 OI2IE0 Do Z&L ) Ys 8
£35l, Mercaptans)== HMJot=0 ECH sHE e 20 et
=

SRl 0
40| =2B2 dECz X2 +F2Z oAt

_'I'I_
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al
=<

S
=

a

H MIABCE. 2terA =c|d SHe

S5 2 [Table 2.3]01l LIEHLHRAC

[Table 2.3] Characteristic of chemical and physical solvents

Chemical Solvents

Physical Solvents

Remove HzS and CO:z to low levels
(e.g., <4ppmv H2S, 50-500 ppmv CO2)

Remove H2S and CO:2 to moderate levels
(e.g. 4-10 ppmv HzS and occasionally lower;
approx. 200-5000ppmv CO2)

Limited removal of trace sulfur comppunds(TRS)

Significant TRS reduction

Limited hydrocarbon co-absorption

Significant hydrocarbon co-absorption

Higher energy requirements

More moderate to low energy requirements

Higher capacity than chemical solvents at high

acid gas partial pressure

223 &2 HH ZZF(De-Hydration Unit)!'"

MO| I 2tQl, MALMH|Ol 24l BIX| 9 HSIAMAIIA MAH 2H = 510/ =80|
E M0 2st 2s= IOloldl fol =22 E4+H82Z MHH F00F &tCh
828 HMHolse Z2F0s S I 2€EHE 0|28 2= YoM, &= ghal
(Adsorption)t &<=(Absorption) BfAlE 0|5l= Z10ICH HAH S gae2 A
HIIA WO £8 sTE 8Xo 54 Z2HE 0I2dHA 10 ppmv EADK
ZAAZ & QUL S8 E4 ZHE2 HAIIAQ EL 2HE EESAMHAAM &
HIIAN ZESL N UYs S22 HAHNOZ S48 S E2He U299 =2
A JIXID AO0I0F sHCH
1. 20 g =2 22 L Etg=A0 st &2 ey
2. B4 2L 0AM &2 g
3. AL 9% A0IQ E0|gt Est HE =2 st Y2 3%

4. THM DHEOIAM 2oHE X6 Qs =2 & ot A
- 12 -
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5. ¥2 7

rlo

20l AI2E D Jqese 2el2(Glyco)dl= Ethylene Glycol(EG), Diethylene
Glycol (DEG), Triethylene Glycol(TEG), Tetraethylene Glycol (TREG), Propylene
Glycol (PG) S92 E£HMJIt JI&E g2l AMEdD AeH, IAZHA=

A

o
Triethylene Glycol (TEG)E 0|28 &0 W8 2= XHXAISHCH [Fig. 2.6]2 TEG
S 0188 £2 54 2/ HBZOICH
Dry
/I\Gas Flash Water
\l\ € gaaes vapor
U =
Lean LA —
TEG !
) - Elash X column
L drum o
S
Glycol : Reboiler Z
Contactor
a\\ s
(—
Wet —>
Gas Rich
3 TEG :
Inlet
scrubber

[Fig. 2.6] TEG absorption dehydration scheme!'?

=l

=

12 AR & s 9y
90| QUCH [Fig. 2712 == ZFo| I
M, A21912 == 20| S,

[Table 2.4]01 LIEHLHRACEH

]

=
&=
H
=
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%

AN

»

Dry
Gas

Heater

Y 1 Separator
Wet " 4 4
Gas m -
/--\ Cooler
\ | \I/
Adsorption Regeneration Water

[Fig. 2.71 Scheme of the temperature swing adsorption dehydration process™

[Table 2.4] Comparison of the physical

dehydration of NG'2

properties of desiccants used for

Collection @ kmou

Properties Silica gel Alumina Molecular sieves

Specific Area[m’/g] 750 - 830 210 650 - 800
Pore Volume[m’/g] 0.4-0.45 0.21 0.27

Pore Diameter[A] 22 26 4-5
Design Capacity[kg H:0 / 100kg discant] 7-9 4-7 §-12
Density[kg/m’] 721 800 - 880 690 - 720
Heat Capacity[J/kg/°C] 920 240 200
Regeneration Temperature[°C] 230 240 290

Heat of Desorption[J] 3256 4183 3718

- 14 -




224 HQAIIA MA F=E(NGLs Extraction) ™

HMAIA AQEY (Sweetening)dt =2 MH Z2HS H& & HAHIIA HA
(Natural Gas Liquids, NGLs) =& Z23&0| XN ECH MHIA MWAO == ZBH
2 RAH2 Ea=AE, Z2H, 2&, HE HE F==ote UHOICH

[ »
Absorber | Cy
NGLs
Side
EG gl Condenser /4
Cross Accunmlator
Exchanger
-— @
Natural »
¥ Propane
GasFeed  Cpitger ¢;-C,
3-Phase Rich Solvent ‘;‘l( ‘:"(-‘:
3 roduc
Pipeline Separator
Sales Gas Regenerator

[Fig. 2.8] Drawing of AET process NGL technology’s NGL extraction™

NGLE OIEHC), TEBH(C3), REHCA), BIEHCHD 5 =X (C6 - C)ol =&
USICH HOIIA AEHUA NGLE EB61D| 98 & JHXl Ol gwe
X

Bt (Absorption) 2t =2 X2 2 2 A (Cryogenic Expansion Process)0l| CF.

Mo

o
4> o
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: r’ l -
Residue gas
Recompression

Rectifier

Booster Expander

De-
ethanizer

D

Inlet gas

NGL product

[Fig. 2.9] Cryogenic expansion process to extract NGLs!™

HOZ REE MS2=2 CAl 2cloll &
Zl

Ch. 222 NGLs AEE2| W ItAXl

m

St 282 A2 U2 HIESES EUZ oM &S0l 0IRHALH EF 7
2= HISHEs Eat=40 S0 Met 0|52 220, 8 =% Z2AA
= AEE0HA O JtH2 NGLsS Mot X2 AlFcts €& SHAHOIN
Ul Chs =M=z Mol =

2. Depropanizer-Z2 2 &t ==
3. BXElD|I-NGL SE0A HE L = E5EAS Hl|l= SEEHEA & 0|A) =5,

4. Butane Ylitter &= Deisobutanizer — 0l &A= iso2F normal butanesES &2IEHCl.

[Fig. 21001l A1 22 Els T2 AAN CHoHAl B0I8 & QUCH HBAQIAL
UBIROR TR, SE E= 0] £9 X502 7A0| =0,
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[Fig. 2.10] Separated by fractionation into individual hydrocarbon liquids!'®

225 22 HH 2F(N2 Rejection Unit)t'?

A HA SE2 EHE USAAINANN 2AE HASEZM EHOH JIE
DFZEAIDID] I8 2401 Ot AL 92z AAE NMEL=Z HOHGH| <A
HE 4201 25 MMt =00k StCH A MA EX (NRU)e ItAZRH
HERMOZ HIHSHCH HAIANA E A0 X

. YUR o= 15 MMSCFD(Million Standard Cubic Feet per Day)
& MAMY|IME 2 NM2 Meldr gerEel YUYl 012 HIE

o Wi rir mlo
-
un
X
g
Z".
N
1]
é
3
o
rr
h
rm

0z i
1
1
$0
[w)

n =z 2
ob OIn
0;. 0z
o 1
=2y
® oS o
-
>
=
= b
0 =
0% qin
=)
- |
rr é
© o
©
B S
= To
>
i@ O
Sl
o
on
0
_>:|_|
=)
i
[=)
OF0
Qi
1l OIH

=
J2
o
n
NoR
=
b
rr
o
a
Hu
o
é
z
o
oC
rir
=
DX

1o

o

o
H
i
(it}

Collection @ kmou



re
10
H
>
00
n
-
)

= 2 QICH [Fig 21]S LErHEQOl HA A 2HZ2 LEHYD

[ml

Cold Box 1

Feed Gas Methane Nitrogen Nitrogen Reject

Pre-separation Rejection
>10% N2 Column Columns ~98.5% N,

Plate-fin Heat
Exchangers

Cold Box 2

To Pipeline Centrifugal
Gas

[Fig. 2.11] Process diagram for typical nitrogen rejection unit!*®
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2E JlE HYE =T QUCH 201342 A &8 A2, MRIOIA
25.2 MMcm(Million cubic meters), BFEXOIA 20.4 MMcm, Z2ESRUHA 11.6
MMcm, 213 HIAEONA 85 MMcmZ, MHl 229 322 13EE A&t
Ol 8t0ll &8 =2Jt 2 20zE, EE1L 2L JIA(EM, HHEEE 3), 24
OrA3a=20tEDNT]), JI=HF SO0l JALh Xgdz 2EW, &5 88 =Rcs
S012t 28, d20ldse 2MZ F0I6t11, =3t JIEF OtAIOIOIAM 2 &
g 222 o=sdl Ao MA &AM 2= 221 MMcmOll €8tCH =R

rr

OF Eticte XolMeE, X £ 02 S 2AZ00 st UHMA Sa
G Jls HEQ X B Sol Ot & AHIE0 SHOE A2 LoICh
[Fig. 212]2 2t 20I¥ 25 AHIFES 26t CHY,
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[Fig. 2.12] Helium consumption by end user®
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Condenser+
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N\ il
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[Fig. 2.13] Separation process for helium recovery

3. & Hl(Purifying)

I2E 82 €89 =52 =017 RAdhd EH B AZLCHL JHE &
Aol MM geeoz 23 Ag EFF ZF(Pressure Swing Adsorbed, PSA)OI
SECH 2 87| otofle & JHe LRI H2 YO MAM UL ItA
20l 2 StolM 0l LXE SWEH e, SE JtAIF X I3 W
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of et € = = Z 200 HISHA BES6HH 99.99% ==2 eE52 M
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1:-Feed-Gas- 24:-Final-LNG-product.
2:-LNG-Liquefier. 43:-HeXU-phase-separator.
7:-Sub-cooled-LNG. 47:-HeXU-heat- exchanger-

11,23,33:-Phase-separator-  57:-Cold-Recovery-heat-exchanger

12:-Crude-helium. 81:-Fuel-Gas.

[Fig. 3.9] Process flow diagram of the APCI flashing process®
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1:-Sub-cooled-LNG- D1-4:-Phase-separator.
2:'-LNG-Liquefier. D5-7:-HeXU-phase-separator.
15:-Fuel-Gas. E:-HeXU-heat-exchanger.

16:-Crude-Helium.

[Fig. 3.10] Process flow diagram of the Linede flashing process®”
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23:-Dual-stage-NRU: stripping- column-
24:-Dual-stage- NRU-stripping- column-condenser-
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26:-Dual-stage-NRU-overhead-gas-
36:-Fuel-gas.
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[Fig. 3.11] Process flow diagram of APCI distillation process®"
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302: Cold recovery heat exchanger.
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[Fig 3.16] Process flow diagram of the Exxon Mobil integration process®™
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[Table 3.1] Composition of feed gas for simulation!®

Property Lean Case Base Case Rich Case Unit
Helium 0.02 0.05 0.10 Mole%
Nitorgen 2.00 5.00 10.00 Mole%
Methane 20.65 87.85 83.17 Mole%
Ethane 4.88 4.73 4.48 Mole%
Propane 1.69 1.64 155 Mole%
n-Butane 0.40 0.34 0.32 Mole%
i-Butane 0.35 0.38 0.36 Mole%
i-Pentane 0.01 0.01 0.01 Mole%
Pressure: 60 bara
Temperature: 35 °C
Flow rate: 235,000 kgmole/hr

[Fig. 3.17]12 ?l12 SStA 4 4222 MUsAGFIIAS dE FES &
ANE2cl0lds oS M &2 ==8= LEtH AOICH HEE 90% 0l&2
=EES Z20IMH, S0l Linde ScHd S8 2I-22E SFS3E0| 95%2 ==
= LEUWLD JULH datE 8 =822 Z= S0 50%E HEotUL
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He Extraction Rate [%]
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F F I D D I I
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F: Flashing, D: Distillation, I: Integration

[Fig. 3.17] The effect of feed gas composition on helium extraction rate®

[Table 3.2]= 2t SXL T M= UEILHD ATt [Fig. 3A7I0A =0l
g & A= NAY Linde Zal ST 2-BLE 7 STOAM 2B My
0] HS 212 stolst A 9I[}

[Table 3.2] Produced crude helium of helium extraction processes®

APCI DMR APCI Linde APCI Technip |Re-boiled| Linde Exxon

il (Base) F F D D D I |

Produced Crude Helium Volume flow | Sm/h 0.0 469.9 529.5 500.1 349.6 530.4 500.1 500.1

F: Flashing, D: Distillation, I: Integration
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[Table 3.21S &S0t H2H24AI2F 3302 22 JIFE) €82 MuEds =F
S & QUCH HIFO MAZ 500 Snvhs JIESZ2 12+ 3,960,000 Sm0l A4 A
= O

500 Smh x 24 Hours x 330 days = 3,960,000 Sni/year
r

2

o
ol

0l2d= CiAl [Table 3.3]= O0IE0t0 MMscf2 Tonne &HRIZ 2Hat

- 8 (@]
139.85 MMscf@F 1MMscf 2 2F 4.688 tonnel|J| 20 2F 655.62 tonneOl Ct.

3,960,000 Sr?¥ x 35.315 = 139,847,400 scf (2 139.85 MMscf)

139.85 MMscf x 4.688 = 655.62 tonne

[Table 3.3] Unit conversions applicable to helium and natural gas B3

E

Metric

Imperial

1 standard cubic metre(1 Sm?

35.315 standard cubic feet(scf)

1 normal cubic metre(1 Nm? at 1.013bara, 15.0°C)

36.054 standard cubic feet(scf, at 14.696psia, 70.0°F)

27.736 Nm?

1 Msef(1,000 scf)

1 tonne helium
(density of helium 0.169 kg,’m3 at 1.013 bara,
15.0C)

0.2133 MMscf(213.3 Mscf)

Liquicd/gas equivalent

740 volume/volume

1tonne natural gas
(density of natural gas 0.66~0.85kg/m’ at 1.013
bara, 15.0°C)

0.042 - 0.054 MMscf

Liquid/gas equivalent(1.013 bara, 15.0°C)

600 volume/volume

Collection @ kmou
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£ U.S. Geological Survey EDANE BIE2Z &20IALCH([Table 4.1 EX) O
OlElel &Xe= 0I1= &4k XI=2(U.S. Bureau of Mines)2 OlUlZ SH Xtz et O]
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[Table 4.1] Helium statistics from U.S. Geological Survey

Unit
Apparent value Unit value World

Year Production Stocks consumption (8/t) (98$/t) production

1935 49 NA 49 NA NA 49
1936 22 NA 22 NA NA 22
1937 23 NA 23 NA NA 23
1938 29 NA 29 2,830 32,700 29
1939 30 NA 30 2,800 32,900 30
1940 45 NA 56 2,360 27,500 45
1941 78 NA 57 2,010 22,300 78
1942 159 NA 173 2,140 21,400 159
1943 558 NA 559 2,260 21,400 558
1944 608 NA 609 2,390 22,100 608
1945 454 99 454 2,510 22,900 454
1946 279 139 278 2,640 22,000 279
1947 337 94 337 2,760 20,200 337
1948 303 NA 303 2,760 18,700 303
1949 264 NA 244 2,760 18,900 264
1950 390 NA 388 2,870 19,400 390
1951 537 NA 523 2,760 17,400 537
1952 693 NA 695 2,760 17,000 693
1953 772 NA 757 2,780 16,900 772
1954 914 418 911 2,990 18,100 914
1955 1,060 341 1,130 3,670 22,400 1,060
1956 1,170 222 1,280 3,670 22,000 1,170
1957 1,400 117 1,490 3,670 21,200 1,400
1958 1,600 83 1,690 3,670 20,700 1,600
1959 2,290 518 1,800 3,670 20,500 2,290
1960 3,080 1,310 2,280 3,670 20,200 3,080
1961 3,490 2,140 2,640 3,670 19,900 3,490
1962 3,420 2,510 3,020 7,440 40,000 3,420
1963 10,700 10,100 3,170 7,440 39,600 10,800
1964 19,300 26,000 3,420 7,440 39,200 19,400
1965 20,900 43,500 3,630 7,440 38,400 21,000
1966 22,100 61,000 4,540 7,440 37,400 22,100
1967 22,500 79,200 4,160 7,440 36,300 22,700
1968 22,300 97,400 3,840 7,440 34,900 22,500
1969 22,300 | 116,000 3,210 7,440 33,100 22,500
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1970 22,100 | 135,000 2,600 7,440 31,200 22,200
1971 21,900 | 154,000 2,250 7,440 30,000 22,400
1972 19,600 | 171,000 2,470 7,440 29,000 20,200
1973 15,400 | 183,000 2,540 7,440 27,300 16,000
1974 4,240 | 184,000 2,730 7,440 24,600 4,900
1975 5,170 | 185,000 2,880 7,440 22,500 5,870
1976 6,690 | 187,000 3,040 7,440 21,300 7,120
1977 6,370 | 189,000 3,730 7,440 20,000 7,830
1978 6,550 | 191,000 3,890 7,440 18,600 8,400
1979 7,280 | 193,000 3,920 7,440 16,700 8,890
1980 6,540 | 194,000 4,140 7,440 14,700 7,560
1981 5,110 | 193,000 4,150 7,440 13,300 5,580
1982 1,110 | 188,000 4,160 7,440 12,600 1,830
1983 2,760 | 184,000 4,770 7,970 13,000 3,480
1984 5,630 | 182,000 5,970 7,970 12,500 8,570
1985 4,780 | 178,000 6,920 7,970 12,100 9,750
1986 4,770 | 173,000 7,230 7,970 11,900 10,000
1987 9,240 | 172,000 8,130 7,970 11,400 11,600
1988 10,700 | 171,000 8,970 7,970 11,000 13,300
1989 11,200 | 165,000 9,780 7,970 10,500 14,800
1990 17,800 | 162,000 10,200 7,970 9,950 15,600
1991 14,600 | 161,000 10,300 7,990 9,560 15,900
1992 15,600 | 161,000 10,800 11,700 13,600 16,900
1993 16,800 | 162,000 11,400 11,700 13,200 16,900
1994 19,000 | 164,000 12,800 11,700 12,900 17,900
1995 17,100 | 164,000 11,600 11,700 12,500 18,800
1996 17,400 | 166,000 12,200 11,700 12,200 18,800
1997 19,600 | 167,000 13,100 11,700 11,900 23,400
1998 19,300 | 163,000 14,300 11,700 11,700 22,700
1999 19,300 | 166,000 15,200 11,700 11,400 22,900
2000 16,600 | 161,000 15,200 10,500 9,940 19,800
2001 14,700 | 153,000 15,100 10,700 9,850 17,900
2002 14,800 | 147,000 14,800 11,000 9,970 18,500
2003 14,700 | 141,000 13,700 11,200 9,920 24,400
2004 14,600 | 133,000 14,000 11,500 9,920 26,100
2005 12,900 | 124,000 13,800 11,500 9,600 27,100
2006 13,400 | 114,000 12,700 12,000 9,700 28,100
2007 13,000 | 103,000 12,400 12,500 9,830 28,900
2008 13,500 94,900 10,200 12,900 9,770 29,600
2009 13,200 87,900 7,960 13,300 10,100 24,900
2010 12,700 79,100 8,500 13,800 10,300 28,400
2011 12,000 68,300 8,090 15,900 11,500 29,100
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2012 12,400 59,700 8,130 16,100 11,400 29,500

2013 11,700 51,700 6,640 17,900 12,500 28,900

2014 12,700 42,500 7,140 20,300 14,000 27,800

2015 11,200 38,500 6,600 22,200 15,300 26,400
NA Not available.

Ol OIOIEHE JlEe=z 82 I, MAHl ditg, Ol= =Wl darE, AHlE
°| Z=MZE [Fig 43]2 Z=2 =g = UJULH & AHAHS & M2
201120128 HE2Z ZAF =AM JA20, 0I=2 ZH a2 1997-19994
S JE2=Z 24 FAO JLH €8S JtAZ2 20108 FH =A0tH &6t
U= As = = UL

Unitvalua
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[Fig. 4.3] Trend of helium from 1936 to 2015
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I'IBM A2l SPSSE AtZOolRALH SPSS
tH, [Fig. 4.4]12 20! &0l

IE HEE =l HOED HEm SHR) 24=E) ReeEHU #MK 2w SS2H)

e Bl b B

]

72 el |25 dog | EET g | w8 | s [ =@ |

1 Year =5t 1 0 EE) o8 8 d=Hg N e

| 2 Production At 8 0 s EE] 10 &I N
3 shipments %At 6 0 s EE 10 IS NEE

4 impors  2Af 5 0 s s 8 &9=8 ~eE

5  EBpots 2R 6 0 98 s 7 a8=8 R

6 Stocks 27 7 0 oS s 7 a8=e R

7 Consumption 27} 8 0 gs g8 " &8=8 ]
Unitvalue =@ 6 2 g gs 10 rs-Lil Ny

S Wordprod.. 27/ 8 0 EE} @s 3 FY-L EE]

MYE) BEE =W OoED) #HD 24@) JUmE) SLRlEW) X BW  ESLH)

OHE B e » Bk i BE Welel

BALO (9 B

Avear | & Production | & Shipments | & Imports | & Exports | & Stocks | & Consumption | & Unitvalue | 6 Woridproduction| &+~ | 1% i Bl =G S =

46 1980 6540 5630 1430 194000 4140, $7,440.00 7560, A
a 1981 5110 6020 1880 193000 4150) | $7,440.00 5580
8 1982 1110 5970 1810 188000 4160 | $7,440.00 1830

49 1983 2760 6530 1760 184000 470 s797000 ‘380,

50 1984 5630 7850 1880 182000 5070 §7.970.00 8570
E| 1985 4780 9030 0 2100 178000 6920 $7,970.00 9750
=2 | 1986 4770 9310 0 2070 173000 7230 $7,970.00 10000
| s | 1987 9240 10500 0 2370 172000 8130 $7,970.00 11600
54 1988 10700 12100 0 3110 171000 8970 $7,97000 13300
55 1989 11200 13500 0 3740 165000 9780 $7,970.00 14800
56 1990 17800 14400 0 4180 162000 10200 $7.970.00 15600
57 1991 14600 14900 0 4500 161000 10300 $7.990.00 15900
58 1992 15600 16000 0 5200 161000 10800 $11,700.00 16900
1903 16800 16200 0 4740 162000 11400 $11,700.00 16900
1994 19000 16900 0 4230 164000 12800 $11,700.00 17900
1995 17100 16300 0 4620 164000 11600 $11,700.00 18800
1996 17400 16000 0 3860 166000 12200 $11,700.00 18800
1997 19600 18100 24 4990 167000 13100 §11,700.00 23400
1998 19300 19000 40 4710 163000 14300 $11,700.00 22700
1999 19300 19800 0 4500 166000 15200 $11,700.00 22000
2000 16600 21500 0 6260 161000 15200 $10,500.00 19800
2001 14700 22300 0 7280 153000 15100 $10,700.00 17900
2002 14800 21500 0 6690 147000 14800 $11,000.00 18500
2003 14700 20700 0 7000 141000 13700 $11,200.00 24400
2004 14600 22000 0 7600 133000 14000 $11,500.00 26100
2005 12900 22500 0 8700 124000 13800 $11,500.00 27100
2006 13400 23200 0 10500 114000 12700 $12,000.00 28100

2007 13000 23400 0 10900 103000 12400 $12.500.00 28000 o

[
clolEl zmnllw

[Fig. 4.4] Screen shot for SPSS coding
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[Table 4.3]0A R = 090322 =2 SHB 2t A2ZAHE LIEHW
1, R2 =08162=2 3|AHMO0l SH=2Z0 CHoll 81.6%= & HStCt. [Table 4.4]01 A
ol F = 109177, 22 =E0| 0.00022 SHESZ F2|GICt [Table 4.5]10i A
VIFE 1001222 OE34dd2 SXIt Sl 2HAS He+ 222 SoHA OtcH
ot €2 UsaHA Jl=
J=2g:Yi=a +B1 X1i+B2X2 +--. +BKkXKki +¢i

X: SYpia

Y: 59

I
B: SEH=0 Hdts A=+

CH=al A UnitValue = 3427,564 — 0.280(Production) + 0.2(Consumption) +
0.474(World Production)S #& = UL

Production2 1% =JIAIZ MHOICH Unitvalues= - 0.2881 240k, AH|

1649 SOLAIZ [HOLCH 0.281 SOt8tS Sl0IBiCh,

i
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[Table 4.2] Correlation coefficient chart

World
Unit value Production Consumption production
Pearson Unitvalue 1.000 615 722 .857
Y Production 615 1.000 .634 .861
=i Consumption 722 .634 1.000 727
Worldproduction .857 .861 727 1.000
S9|3E Unitvalue . .000 .000 .000
e Production .000 . .000 .000
(E5) Consumption 000 1000 ) 000
Worldproduction .000 .000 .000 .
N Unitvalue 78 78 78 78
Production 78 78 78 78
Consumption 78 78 78 78
Worldproduction 78 78 78 78
[Table 4.3] Model summary chart
b
28 Qo
=Ygl wEL
o R R M= XM= R M& Xt Durbin-Watson
1 .903° .816 .808 $1,932.52427 .332
[Table 4.4] ANOVA Chart
ANOVA?
oy AZ et AEE A F golstE
1 3|4 1223214382.497 3 407738127.499 109.177 .000°
pSoN 276364104.682 74 3734650.063
A 1499578487.179 77
[Table 4.5] Coefficient chart
HIE =3 2% EED Y BO| Ch 2 95.0% &12 T2t Zug s
oy B EEi 2R Hil EF t Fyns Bt Het =7 VIF
1 (&) 3427,564 366160 8381 000 2607057 4157471 |
Production -280 057 -481 -4.908 000 -394 - 166 259 3866
Consumption 200 06E 218 3008 004 087 332 | 472 2420
Warldproduction AT4 047 1113 10077 000 381 568 204 4898

a. THM S Unitvalue
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[Table 4.6] Collinearity chart

BHH e
EiHIE
Warldproducti
[=§-] F= 55k AT A (&) Production  Consumption an
1 1 3.503 1.000 .0z .m .0 .01
2 287 3.492 a7 .02 .04 | 03
3 60 4,678 | .o 18 | .az | 03
4 050 8.345 .0 .79 A3 83
a. EH B Unitvalue
At BEZ2=E 250 =SotATH
422 NAHE 2L S OIch o=
4221 =X HE &0l
dE IS == ?lot0 0l SH =4 LY SUA AIHE =42 Sl
DIl &8 Ji2e KIS0l SACL ANY 242 flibE M eXETHEE &
Ao BICHEREOL AIHEW 0l& gte Sle=AXl =QIot60F 8HCH UnitvalueOf|
st =Xt=HE [Fig 4.5]2 20| otALE Unitvaluedt HE &dSole FHE
solg 4 QU
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[Table 4.7] Autocorrelation chart before smoothing

X7 o2

=N Unitvalue
Box-Ljung &A1&
ALK Xp7| At HED QK i tRE folztE’
1 .907 A1 66.637 1 .000
2 .824 110 122.348 2 .000
3 .756 110 169.898 3 .000
4 .699 109 211.115 4 .000
5 640 108 246.108 5 .000
6 598 107 277.118 6 .000
7 560 107 304.687 7 .000
8 522 106 329.012 8 .000
9 490 105 ; 350.701 " | 9 .000
10 459 104 370.049 10 .000
1 432 104 387.425 " .000
12 405 103 402.931 12 .000
13 379 102 416.745 13 .000
14 .356 101 429.100 14 .000
15 .336 100 440.290. 15 .000
16 318 100 450.495 16 .000
Unitvalue

L JTES

— | A

— g e

ACF

05

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

A Xh=
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2 Xt== AAlIgt Zit= [Table 4.8]1=2 SolM &0l &= AL 25 oHA
Ol 2D A0l NE HASOF HAUCH B AR Eot HHEO AYES
S 4 UACH THIE S ZVEs P20 2250

[Table 4.8] Autocorrelation chart after smoothing

7|
A Unitvalue
Box-Ljung SA &
ALK AH7| Ak HED 2% ot ARE fo|stg°
1 168 112 2.250 1 134
2 115 REE 3.327 2 189
g .090 110 3.989 3 263
4 078 110 4.502 4 342
5 .023 109 4.545 5 474
6 ~015 108 T 4564 6 601
7 .060 q07 T 4881 7 675
8 ~.094 107 5.658 8 685
9 .039 106 5792 9 761
10 -015 05 5812 10 831
11 -.075 S 104 6324 11 851
12 000 103 6.324 F=E .899
13 -090 . 103 7101 13 .897
14 -o087 102 . 7.839 14 .898
15 -072 401 8.341 15 .909
16 -.028 100 8.420 16 935
Unitvalue
W
e . — iz aE
— izl et
05
5 _..-.-.-_-.-.-_-_-.-.-__
g oo

-05

4 5 6
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Kl 2=3 &9 (Exponential Smoothing Method)2 JIt2 HHO JHE 2 JIEX
£ F0ol= UEHQ HHE A|HZES W=ot= 2-OICH &I =AM B2
ol &2 A 2 g 248 [ =2I5H0F &t

[Table 4912 SolA LjungBox =2 =&0| 099622 R+ 0.052C =
Jl 20 HMEZ2Be=z2H =SEXO0|C [Table 41012 SoiM A+HE 2
O |22 &&0| 000022 Fo+ZE 00520 &I 20 SHELZ R2|6HC.

[Table 4.9] Model Statistics chart
2 SA
o B
o= B2 B2 3 Hg "o mAE
L=k N e R-Ma R—X & 2 XH(RMSE) 2 X}HMAPE)
Unitvalue-23_1 0 .380 .971 754.642 5.057
2 SA
oY Mo SAY
o =Xt HE2 ZaHS TP o mHE
23 & A R-H& R-HMl& 2 XHRMSE) 2XHMAPE)
Unitvalue-23_1 0 .380 971 754.642 5.057
2y A
28 Hy sAY
ZF ¥ Ao =2 oo
O @%b ME X} x| MO 2K} Hqst

o3 (MAE) (MaxAPE) (MaxAE) £l BIC = ES

Unitvalue-2& 374.81 50.423 3751.435 13.308 5.500

_ 8
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oy EAE
Ljung—Box Q(18)

oy g E golag |
Unitvalue-&2 17 .996 0

=1

2y F8YU SE t TolStE
Unitvalue-=  ®igt of st AT A=A 566 .053 10.775 .000
2y |

[Fig. 46]2 SoiAl XXt ACF, ZXt PACFOIAl Spikedt 01X 2= g ol
5 4 QICH OO Spikedt UACHH DS WA EMOF Bt

&It ACF &7t PACF
'- ;
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: *.
21 |
| w
19 o ]
I 1
17 o |
i | &
15 [ z
—~ i i 5
R 12 L8 s 5
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11 L 1 o
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u |
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[Fig. 4.6] Residual of ACF, PACF

12 ZUZ Unitvalue 22 SHEC=Z R20|st Hed2 &g

[Fig. 4.7]3+ [Table 4.11]01A12F 201 2016 2 2030 DHXIQl OIS == A& D
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H= JHES g = URULEH 20158 = JIEL=2 20308 0= He S BHZ Jt

[Fig. 4.8]= UCL(Upper Control Limit)2t LCL(Lower Control Limit)Jt Z&H&
= E==0|C

—
$50,000.00 | —
— H=at
$40,000.00
=
3
— =
@ o
£ $30,000.00 =
E P
= H
= i}
$20,000.00 i
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P
500 T T T RN\ = T B I AT a R R
B m b oD BlE D b b B B b e 8BEBEBE
[53 E= . o o o o = =4 oo oo (=] {T=3 [=3 [=] e - ka2 {53
2 &5 & & 2 8 4 0@ 8 85 8 8 8 8 5 @ BB
=T

[Fig. 4.7] Forecast trend of unitvalue(price) by 2030

[Table 4.11] Estimated price per tonne of helium from 2016 to 2030

Year 2016 2017 2018 2019 2020 2021 2022 2023

Estimated Price $23.856.61 | $25.625.50 | $27,394.39 | $29.163.28 | $30.932.17 | $32,701.06 | $34.469.95 | $36,238.84

UCL(Upper Control Limif) | $25359.29 | $27.895.34 | $30,543.43 | $33.288.14 | $36.119.65 | $39,030.88 | $42.016.34 | $45,071.61

LCL(Lower Control Limit) | $22,353.92 | $23,355.65 | $24,245.35 | $25,038.42 | $25.744.69 | $26371.25 | $26,923.56 | $27.406.07

Year 2024 2025 2026 2027 2028 2029 2030

Estimated Price $38,007.73 | $39.776.62 | $41.545.52 | $43.314.41 | $45.083.30 | $46,852.19 | $48,621.08

UCL(Upper Control Limit) | $48.193.01 | $51.377.39 | $54.622.03 | $57.924.53 | $61.282.78 | $64.694.87 | $68.159.08

LCL(Lower Control Limit) | $27.822.46 | $28,175.86 | $28.469.00 | $28.704.28 | $28.883.82 | $29,009.51 | $29.083.08
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[Fig. 4.8] UCL and LCL are included estimated price trend graphs
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dEO F=E= s F-LNG 2EL=E H&FoHI| /oM E2DA HAXZEAJALL,
AX S0 2l ZZRE XHZ HEot) A= F-LNG =0 CHolAd T ALE
OtU 2[4 [Table 4.12]2t Z0| H2IGHUCH. EE F=SS HAoH)| oA =
Qe QLA MG AAHAIIA BHI MASF0| ZEEH UCH
[Table 4.12] F-LNG project liquefaction licensor and capacity
C i
Project i Train Process Licensor Classification
(MTPA)
PTT-Hoegh 22 2 "Wl cead Gas Expand
s ' (€1/N2 Dual Expander) filion iaa
. Niche
King FLNG 34 3 cBal Gas Expander
(C1/N2 Dual Expander)
Coneco Philips FLNG 39 3 CREPc R R ptimize i ¥ escophillips Cascade
Cascade
EMDC:Searnborotign 6 exIMTES APCI DMR APCI Pre-cooled MR
FLNG or 2x3MTPA
SOFouex Honaparte 2.4 1 APCIDMR APCI Pre-cooled MR
FLNG
Woodside FLNG 2.5~4 : . : -
PNG FLNG 3 3 prve cBa&l Gas Expander
(C1/N2 Dual Expander)
Prelude FLNG 3.5 1 APCI DMR APCI Pre-cooled MR
HMC
F ; | f
FLEX FLNG 1.7 2 il Bagasicten) Kanfa Aragon Gas Expander
EBLV FLNG 3 3 SMR Black & Veatch Single MR
Knusten FLNG 2 2 Ll Mustan Gas Expander
) (N2 Dual Expander) 4 5
Petrobras FLNG 1 2.6 2 APCI DMR APCI Pre-cooled MR
Petrobras FLNG 2 1 2 N2 Triple Expander APC] Gas Expander

[Table 4121 SollAkl HSHIIA A5 H 22 APCI ODMR S&0| 20l HE5
1 Ubks AW LENHOZ Ao HAIIAS MAZSHE 2535 MPTAS
F-LNGIH 0l £H% 1) e HE &#2E = YU €8 == ?let F-NG
DEZ 44 =2 208, APCl DMR S8 S A8 CZ AMEGHL, HetAE A
JbA datgks 3.0 MTPAZ ol= F-LNGE dEotfild, 88 == 78 3&
OZF Linde &% 38 &8 g FI=40 b El=X

2
N
o
~
m
o
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MAAIS AIEOZ Gt 2030E MKl 1082t 226t¥=S M 202 =IJ1=20|
gAMst &~ U=l HotoH SBUCH LEEHOI FLNG2 2&J(2t2 20E 0| Ct.
432 E MpMOZ OIS FII =4

M3EUHAN &8 === ®oH Linde S8 382 HE0otH, 2| MAHE2
AZE 2F 655.02 tonneOICt. OIE HIEC = 20219 2H 20304 HK 2] 0 A =
g JtH= 0180otH FIt =22 H&e = U2 [Table 4.13]3+ 2 Ct.

[Table 4.13] Revenue from helium extraction
Year 2021 2022 2023 2024 2025

Revenue $21419,24832 | $22578506.65 | $23.737.164.98 | $24,805823.30 | $26,054,481.63
Comyersion o1 eMIa= | w24,075.909,513 | W25,378.241473 | W26/680,573,434 | %27,982,905,304 | w29,285.237.355
Cumulative revenue | $21,419,848.32 |  $43,998,354.97 | $67,735,519.95 | $92,631,343.25 | $118,685324.88
Comyersion T eMIa= | %24,075,909,513 | #49,454,150,987 | W76,134,724,420 |#104,117,629,815 |%133,402,867,170

Year 2026 2027 2028 2029 2030

v $27.21314651 | $28.371,804.84 |  $20,520,463.17 | $30,620,121.49 | $31,847.779.82
Conversion of dillars | 50,587,576,678 | %31,880,008,638 | #33,102,240,500 | %34,494,572,550 | #35,796,904,519
inte Kerean won
Cumulative revenue | $145,808,071.30 | $174,270,776.23 | $203.801,230.40 | $234,490,360.80 | $266,338,140.71
Conversion of dillars |1 £ 2,000,443,847 |#%105,880,352,485 |%220,072,593,084 |W263,567,165,643 |%299,364,070,163
inte Kerean wen
= Exchange Rate: $1 = #1,124 (30th Oct. 2017)

1082 2E F-LNGUHIM €82 ==l el 22 = Us FIte
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MAPE MAE MAXAPE MAXAE
NORMBIC]

/MODELDETAILS  PRINT=[
PARAMETERS ~ FORECASTS]
PLOT=[ RESIDACF
RESIDPACF]

/SERIESPLOT OBSERVED
CAST FIT

%PUTFILTER

DISPL@MODELS
gl
S.A v €

M 1§ S I N G

USERMISSING=EXCLUDE

/ M 0] D E L

DEPENDENT=Unitvalue

PREFIX='2%'

/ EXSMOOTH
TYPE=BROWN
TRANSFORM=NONE.

00:00:00.48
00:00:00.48

Unitvalue-2%_19| 0| &3t

Unitvalue-2&_19| &g THX}
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gt
12

2y Mg
2l

et SAY ks SE BB Z|chg 5 10
A R-A& .380 380 .380 .380 .380
R-X|& 971 971 971 .971 971
HMad YN ZA 754.642 754.642 754.642 754.642 754.642
(RMSE)
Ho H HHE % 5.057 5.057 5.057 5.057 5.057
(MAPE)
Al o HME it 50.423 50.423 50.423 50.423 50.423
(MaxAPE)
Yo Ao 2XHMAE) 374.818 374.818 374.818 374.818 374.818
Ao Mo 2XH(MaxAE) 3751.43 3751.43 3751.43 3751.43 3751.43

5 5 5 5 5
H3tel BIC 13.308 13.308 13.308 13.308 13.308

23 Hgt
222l
Mot SAY 25 50 75 90 95
H& R-MZ _.380 .380 380 .380 .380
R-Hl& 971 971 971 971 .971
ME2 A& 2XHRMSE) . 754.642  754.642  754.642 754.642 754.642
g Mo HME @XHMAPE) 5057 5057 5057 -  5.057 5.057
Al Mol HME Q% 50.423 50.423 50.423 50.423 50.423
(MaxAPE) P
Ho "o 2XHMAE) 374.818 . 374818 374818 374.818 374.818
Ao Mo 2XH(MaxAE)  3751.435  3751.435 3751.435 | 3751.435 3751.435
HstEl BIC 13.308 13.308 13.308 13.308 13.308
2y SAZ
2y Mg SAY
Hez goH o o md
2y N Ha R-M& R-N& = 2XHRMSE) E QXHMAPE)
Unitvalue-28 | 0 .380 971 754.642 5.057
2y SA™
2y Mo SAY
HMed g o 2o
Ofl =Xt Y R- A& 2K HHE %
2y = A& R-H& (RMSE) (MAPE)
Unitvalue-2% 0 .380 971 754.642 5.057
1
- 97 -

Collection @ kmou



2y SAY

oY Ny S

_-|||:i
o 2o o

o HOf 2 ME Q% |y Hof 2 HrigtE
2y XHMAE) (MaxAPE) XHMaxAE) BIC SAZ
Unitvalue-2.3 374.818 50.423 3751.435 13.308 5.500
_1
oy S
Liung-Box Q(18)
23 ARE FoHE
Unitvalue-23_1 17 .996 0
X+BE 2Y 2
23 ek t KOS E
Unitvalue-2.34_1 Hah  of otmp(4zE 9 = 566 .053 10.775 .000
2 Al
o=
2% 2016 2017 2018 2019 2020
Unitvalue—2%_1 o = $23,856.6 $25,625.5 $27,394.3 $29,163.2 $30,932.1
U .l 0 9 8 7
ucL $25,359.2 $27,895.3 $30,543.4 $33,288.1 $36,119.6
<Q\ © 4 A 4 5
LCL $22,353.9 $23,355.6 $24,245.3 $25,038.4 $25,744.6
2 5 5 2 9
ol =2k
3% 2021 2022 2023 2024 2025
Unitvalue-2.3_1 o = $32,701.0 $34,469.9 $36,238.8 $38,007.7 $39,776.6
u 6 5 4 3 2
ucL $39,030.8 $42,016.3 $45,071.6 $48,193.0 $51,377.3
8 4 1 1 9
LCL $26,371.2 $26,923.5 $27,406.0 $27,822.4 $28,175.8
5 6 7 6 6
o=t
23 2026 2027 2028 2029 2030
Unitvalue-2&_1 o = $41,545.52 $43,314.41 $45,083.30 $46,852.19 $48,621.0
u 8
ucL $54,622.03 $57,924.53 $61,282.78 $64,694.87 $68,159.0
8
LCL $28,469.00 $28,704.28 $28,883.82 $29,009.51 $29,083.0
8
2t BN o|F2 aXct = F7(o HelolM ZF0| gl OrX[2 gt CHSo| ARSta Z& OfZXtel 4
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