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Poland Turkey ‘Saudi Arabia Iran Russia
Shale gas: 4.1 tom | Shale gas: 0.7 tom sna!agas 17.0tcm® | Totalgas 34.0tcm | | Tolal gas: 326 tem
i " Tight i Zonbbl || Tight oil: 5bn bol T Total oil 158bnbbl | | Tetal oil 103bn bbl
Shale gas: 16.2 tem b -
et -
-

Tight od: Son bl

Unitod States Canaport Sigatn. : ; g:':.':w 316 tem
Shale gas 17 6 tom $6.04 LG @ Tight ol 32bn bbl
Tight oil: 78bn bol o ;
Japan LNG

] $7.16
Mexico -y Australia
Shale gas: 15.4 tcm | Shale gas: 122 fom
Tight it 13bn bbl Tight oll 1600 bbl

Qatar
ﬁ:f:a LNG Total gas: 24.5 tcm

Argentina §7.16 Total od: 26bn bl
Shale gas: 22.7 tcm
Tight oil 27bn bbl Algoria

Shaie gas: 20.0 tom ’ .

Tight oit. 6bn bbl |

v

South Africa Mozambique Tanzania
Shale gas 11.01cm Total gas: 2 8 1om Total gas. 1.6 tem

@ Cument unconventional gas producer

@ Planned unconventonal gas production by 2000
@ Potential new frontier for unconventional gas

@ Potential new supples of conventional gas

Estimate © World Energy Council 2016
Source: 8P Statstical Review of World Energy, EIA, FERC, and Reuters
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[Z3 8] Sl HFAF £0F Fol (AR, VA FAIAE 2015)

Conventional GTLEZ#E+ SASOL, SHELL & tHEAAMNEAES FAO =
el Z2AEZ FIFHoH, 00d O]ji—oﬂ—“:— 3%+ BPDol A 147+ BPDf
EE UE AYeE FHHT &

Conventional GTLERE AZ-S thALA/NEALS ]l Ale Afrsta Slo]
T AHIEL o delm, Il dANA AlFEok] HaAYA
o= o3 AAT 9o

(<E 5> AAMA GTL 7| S9E =Z2AE 2 2 7|yg $F A3

SHEY PN & (bpd) s AE Bl
Olin Yo'L GTL Uzbekistan 37,000 2018044 | =L AH EHA
Escravos Nigeria 33,000 2014.8 -
Pearl GTL Qatar 140,000 2011 -
Oryx Qatar 32,400 2007 -
Bintulu Malaysia 14,700 1993 -
Mossgass South Africa 22,500 1991 -
Mossgass South Africa 22,500 1991 -
Alberta’s Industrial Alberta 48,000(Phase 1) | 2018(1%&HA) )
Heartland 96,000(Phase 2) | 2021(2EtA)
Turkmenbashi refinery complex | Tiirkmenistan 35,000 2018(0j|AhH | =L LM %Hof

=X

2 AI2Y MY EMH0IKX, EnerData GTL Database(2014), GIUHXIAIE &30l 2 GTL ALY

AEH(NHXZHMATRE, 2015), Oil &Gas Journal EH 0l Xl (http://www.ogj.com/articles)
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[Z"¥ 9] CompactGTLY 71A5 2 wlo]a 2 GTL ZZEAE

- VelocysAe] 79 ‘17d vl Q3}o] & F Ashutabulao A HA7E2, &
SulR Elo A m @R 7}2~7F E9E dAVE2~=2 ZF 5,000 bpd, 2,500 bpd T
BE NS vixon 2 EAHQ] 7heS AAE AR o 4tH

ENVIA Energy’s Oklahoma City GTL project

All modules & all other major packaged equipment skids set
in place on site over the spring and summer 2016

Ashtabula GTL

Targeting the supply of high value speciality
chemicals.

Walocys Project Soiutions (Velocys' project development arm) is
deveioping its own pipeine of projects, the mest advanced of which s
the plan for a 5,000 barrels per day GTL plant targeting speciality The Ashtabula GTL projact site, whick

i N th d for the company" atAshtabula in Laneus o SRINcant bovxg
g:duusn & US, scope: ompany's site e | s
0.

Progress on the project in 2015 included
« Establishing the quality of the hinal cuts of our Fischer-Tropsch
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(Energy Independence and Security Act)S A4 3¢
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B Middle East
B S. & Cent. America
W North America
W Europe & Eurasia
W Africa

Asia Pacific

2015
Total 1697.6

thousand million
2005 barrels
Total 1374.4
thousand million

barrels
Total 1126.2

thousand million
barrels

[Z23 13] 1995, 2005, 201519 Af WiFF =X (A% : BP Statistical
Review of World Energy June 2016)

O ATA AA7t=Ad =3 thits 5 3 fFEhrokxgel dFEo e 4%

B Middie East

B Europe & Eurasia
Asia Pacific

W Africa

B North America

W S. &Cent. America

2015
Total 186.9
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Statistical Review of World Energy June 2016)
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- Focusing on use of 175 bpd ﬁ j}i—oﬁd R

and 700 bpd reactors for
deployment in commercial

plants 1-core,
44 bpd reactor
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[23 27] VelocysAte] FT ¥$ RE 1§

[28 28] VelocysAte] mfelazAd FT 4 uk-$7)

- Modece] /W@ Ao 2]stA Velocys 71&<2 ©]&3% 1000 bpd GTL plant2]
749 3,120 ton TFo 40 m L x 25 m H x 40 m W 2] dimensionS 7}A
CompactGTL (2,400 ton, 48 m L x 18 m H x 29 m W) ¢ A9} FAsH

O CompactGTLAM:= @A A4S 93 mlojmz w7 |(FA 712 + F-TH
ANE NESY 7t2aRHe FHtE = VA A g E 5A o2 ‘08 Petrobraset



7 10~20 BPSD pilot plantel]l A -&3te] ‘11d 5o ASEFMNE &H& A
oz 453 v AL

o

- Petrobras FZHE AAHLS 93 EAHH]+= 3,500~17,5009F @3 2 ZAH39

Toisl rrendar of Ml
desemiiies rsginen for G000
bty =3

Fim Larsg, 4o Wids & .
4.hin Tall

O VelocysAH= Micro-channel 7€ ©] €3 nfo]a 2 GTL FHE /|

g Tl A=

%

o

- SMRE]~% € micro-channel ¥F$-7]9} FLE Zu]E AL£3l= F-T micro
VAHZ HS7)E AEste] AA7A 6 bpd F TR pilot plant® ‘124
Petrobras®} AZZHE AL 53] 3H0

- H o= 25bpdg FT §AAHHS7]E F&3353 o, o|E 125-200 bpdg 2
Z multi-core A|FO0 2 AALYsY ¥ E A #HgH
O ®k37] Ho| ZulE 73
W) o} Zuje] A A3} Aol Fw] wAe] A Tol HAT AoZE 4

<= o] oHE ZOE Ho|EE, mlo]AE
TOoR FXehs Al molar Y =9
il | 71| Jide] HAds] ®e

N

O &7 % GTL 7124 Velocys ¢+ Compact GTL <Jol INFRA Technology,
Verdis Fuels, GL2, 1st ReAl& Group, Gas Technologies, LLC, Oberon Fuels

Sol g

- #AJo}e] INFRA Technologys= ©"lo|Z=Z HEZA|ABHS ALE35HRA] o,
22 A flo] FT whg7lollA vtz d3e] vstsis A + e F

JEG TAEES 7)) EFow I

39) NGCS 10 (2013) — CompactGTL HEXE
40) NGCS 10 (2013) — Velocys &HEX}Z, Velocys =H O|X|



o AAAFLS 350 - 450 kg/m3/ho® Upgrading ol Z& gltks HoA
Chevron 7|&3 §-AHE

« 0.25 bpd ¢ ﬁJr"‘Eq Eﬂilf_%— gesigon E/EYUEE
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- Oberon Fuels =
= 7S NS

2E A7~ WErLSS A DME S A4kt

e T A e WEEZEE DME 2 AastEd glolA  reactive
distillation &S AH&3F

- Gas Technologies, LLC & W&t 2 HE WEg&S 1GAE Aibste 7les
7Nt

¢ % A9 71&-8 Homogeneous partial oxidation & A}F-&3F

- SINTEFel A& @A37F20d A WEss FAdste d rlo]la =2 ad W-87]&
A1-83

[2¥ 30] SINTEF #We-& 334 ulojzz Ad w-37|

ot FA9E Jdadeld 7s

O FT wh8old A4sE ftats oo ZAlolmz Mule] 44, sk 2
o]% # heating EAHol Qor], AF LRIANNHE AL Pl
9 Aule] t@ 71%7) %ol ol Fojxol & ool g

O Sasol, Shell, BPo} 22 &l AZ JAA= d1dlold Sm 3He= o
HE= 42k 1 Jadeld Zles EAsta e, ol GIL A4t
AR A F83tE] 2ol U=



- 24 A HAsd dadold v Ve R vbs 34 71| sk

- olE@ T1EEe A9 AR GANA AA A,
& Eu) gl 34 270 FAH

N HU
50 i)
i =
iy
fru
N
o
ol
o
N
)
A

1:!

O a9 2ol GTL @4ARe] 45 712 Ams) nxse s,
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O 9=, n= YR SoA GTL FHASE FIF
o)A mAEA 2 NOX WjZo] fofa

ZFYADL FA A}, RE 7
Szow Zads Aoz dehy

- vl Ay EzYotilAes  FRA7 @A =Gouth  Coast Air  Quality
Management District)® &7 Navistar International A}e] o=z GTL <
4 Aol g

« S48 WMEtE ARELS 7IE AF il vAIE A 18%, NOx 15%, 3}
T4 10%, CO 10% 33 =4D

- "]+ Argonne National Laboratory+< =3 &
2 BHolA FT Whgo2 dojd ARE Fol Af7Iwe] 4dsst

S A7E FUFY

- ul= Washington D.C.2} Alaska Denali National Parke] AU o] F 5
of &d3tA AL, =2 Y FaArI7te FAEHe AN BHE B

g0 =g 7)<l Institut Francais du Petrole (IFP, French Institute
Petroleum)2 4}, HA7b2x, AFatel gk A& st= 7@ =, GIL
Z3g g3l FEAse U FHAS AFE P U=

FUIO =h lH

- ‘03d @™ol A= DaimlerChysler(&8 Daimler AGAFeFe] g8 oz GIL d=
2 H2Tt SFHAS

41) BCC p. 174



<& 14> 9% GTL B43H
ZgE™ x]oﬂ A0 %%]: 74/\4]:]]‘9_ 7].£/\] 3|
2 1T—0 1 2T (%ﬂb pd) = [e) (¢} H
$230%]
Pearl Qatar QP, Shell 140 (NGL ¥3)) 2011-12
Oryx Qatar QP, Sasol 34 $10] 2007
7t
= Mossel Bay S. Afiica PetroSA 225 NA 1991
s Shell, P
. . ell, Petronas,
Bintulu Malaysia Mitsubishi 14.7 NA 1993
Escravos Nigeria Che“g?]’s;l” PG, 33 $100%] 2014.8
N"VofsuykybyShe Russia Rosneft NA NA 2018
.. $110%) ~ 2019
Westlake Louisiana, US Sasol 96 1409] (FEED)
. . Sasol, Petronas, o
" OltinYolGTL Uzbekistan Usbekneftegaz 38 $56<4 2018
] . . : 2022
S | Rovuma Basin | Mozambique ENH, Sasol, Eni 40 NA (Feasibility)
! Mozambique ENH, Shell NA NA Pre-feasibility
Alberta Canada Sasol 96 NA 2021
Fsa2l &% 242.6
o 8% 222 o)
Hh mlo] A8 GTL 718 AA 2 *4 7<
[J mle]=Z2 GIL 7]& #ok9 a9 AX A= 483 @Al Wdstr] A
Aol A% NP3 3l ARFAVES U] AFS £

O &% 5-100 bpd 2, &A717+L 67
H%E 4832 1,000-2,000 bpd $F02 ALt U



(E 15> "vlo]aE GTL 7]1& /MNEE 93 Ux SHE

EN 2| §5 | Assas a1
CompactGTL Brazil 20 2012 83}t FRls
Velocys Brazil 6 2013
Velocys USA 50 2013 BTL
Primus Green Energy New Jersey 7 2013 20154 t]A A4k 371 (BTL)
Syntroleum Tulsa, Okla. 100 | 2003-2006 e B B
S R e el ) 3stpd ©l3} 28

Demonstration & Commercial FT Reactors

= 28 bpd T = 150-200 bpd
Full gingla Multi-core
cora

[ 31] VelocysAt ¢+ CompactGTLALY] U RZHE 9 Me

Ab. mlo]l= 2 GTL 483 A" &4

0 F27% 7t2ge] 48 s

3t E3ld vlo]3E GIL SHE 7|& GA=Z
+ Velocyse} CompactGTLe] U=

O CompactGTLAI A= plate typed] n&E ZFHul& Alg3to] fA/RF7 g1
 ane AdAel=E 7HA

O Velocysell A= s¢H@H o] ZulE A&k, = mm Aboj=o] Ad& A
fotd dug a&8 FUIAFA

- Velocys= 6bpd 7oA, CompactGTLS 20bpds oA demonstration &%-&
nhzl e

- Velocys= wl=oll A AY7t =5 o] &3 &
o=

3 GTL projectE, CompactGTL-
F}A & gkl A flaring gas &8 HX o2 4%

43} projectE M=



[ 32] VelocysAke] 1000-15000 bpdi FT SHE
(X 16> mlo]a® GTL A43} A3y ZA

— Qek

ZUEY A1 Ay 7e (Epg) 7FsAA
Offshore Brazil Petrobras CompactGTL 2,000 2011-12
’ (Demo)

Lake Charles Louisiana,USA Juniper GTL NA 1,100 2016

Ashtabula Ohio, USA Pinto Energy Velocys 5,000 2017

ENVIA Energy Oklah{}gi C% | ENVIA Energy Velocys NA 2017

Ministry of Oil &
Kazakhstan Kazakhstan Gas of CompactGTL 2,500 2018
Kazakhstan

#H71%S 7] FRI}YGon, A ynZ
o}

O ¥¥ Japan-GTL Consortium3} Nippon GTL Technology Research
Associatione ‘06 dFE ‘12@71A] 6% dE YrtelelA 7 bpd EQ
Japan-GTL HEZAEE 4592

- 9+ Japan-GTL Consortium2 ¥ =g 4]/3383]A(Japan Oil, Gas, and
Metals National Corp., JOGMEC)S E3gtsle] LB 1 thekdt #A# 3 A2
423 ALY

42) Inpex Corp., JX Nippon Oil and Energy Corp., Japan Petroleum Exploration Co. Ltd., Cosmo Oil Co. Ltd.,
Nippon Steel, Sumkin Engineering Co. Ltd., Chiyoda Corp.



O & HEZHEE= ‘1239 500 bpd FEZ FuFo] AFS 4537

O v AR FA = Alaska®] Fa7E 7F2Z(1~3 Tchol A Zﬂ‘?ﬂﬂi% ol
AATZ HAE357] «]o}(ﬂ Syntroleum AF] 7]4S AR3I REF AFE G
EEZWHEE A= Catoosa projects AU

O F-T 3AoE a3 49 FHAdFE AxsAL F4F7MEH S 3 o

AL AzEel thE B3 B fElvks 2E ERE AEsS

O vl= AdAFAAs 3715
€ 3 W& ddaart 9l

Y

- Syntroleum AFe] 71&-& MEAHFE Al FRS =44
IA= ol&3A o, o]=H &

=3
9 oedulg dRENE A5Y

O Autalds g #3472 2871%e A4 287e2 gt g4
AQRE A A7} 53 29

O 7yttt =¥ CanmetEnergy Techology Centere Zuj A7 2 3stz4d 2
ofo] AEIER o]Foiz Aoz, AA gt HAVtx W&
A AgrleE gAste FHIAIEE dv dT7E TIFY
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7h dE7F: AR e

O vlo]322 GTLES ZE 7153 7t293E 74 subvts, dA7E2A, uﬂax]
7t SR FE WEgos Ol—rOV]] Aoy 7z wet gFe] Coz,
3gtE, FdtdEe] ¢ A= &

O =uUlolA 7] /ALE ING 7}~ AHE7)ES A3t gR2E X7} 7158

- CO2E B3} Wt opagel AAE WA BH H9eE Belvh
ofe e Suol EA%

- CO27F 30% °lst= dfd 7k=o A &5 g2 B FT §4 34 0A
dEES HojEYAY inert= 2EsiA CO Ao¥aES Eoj=ER =+ =

- ZE 3% 1ol COvF B shsel A, ST Foz Aasiel
CO28| F@e WAAIWA 22 BANA FH7hs Hl&L
of, HPEY W) el S RANEE TU 4 AL FYE A0

=
O H2S, COS, mercaptan 72 JAHEEL
o7 #2837 w&Eo o] 0.1 ppm ©|3}

43) Efficient utilization of associated natural gas in a modular gas—to—liquids process: Technical and
economic analysis, Fuel, 2016
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O =dold P2d #d a7 e, duxredre, gd, 47
Fa Az =

O

) SolA HATIzolA T4 ARV A=

F-T& #4712 Aae §18 AAe A2AAR 3AE 53 0.1 BPSDTFE
o] &3+ GTL pilot plante] 7S 333}

2R FAo] B8 gle CO2¢9 WEs o83t 3

Fa7t=EAE 08d 8¢ DME(MWEOHIZ) ¢8-S s HA7t=27H
4715 AY4ksHE Demo ZAE(1400 Nm3/hr A2h AFSAHS 4559

StsletAd ol AE ‘003dFH HAVI2Z2RE FA7IAE A X7 A

9 47E 9

T AFolM = wEke] =37 /fA(steam reforming), F-E4+38} 7| A (partial

44)

Equipment design and cost estimation for small midular biomass systems, synthesis gas cleanup, and

oxygen separation equipment, NREL, 2006
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14 £E % 58 24
1. 5584 J1& 4o 9 BY AE
0 5 538 ®4¢ nlo]ag GIL ZTAE 4Z7]& Bopol 0@ 7)o 2424
714 EoFE key technology® A%t
O Thomson Innovation % PatentStrategeis DBE o]&3le] HZ 2043t
(1996.01.01.~ 2017.01.31) =9 - 3/MNE F8AE=(PS EH=/v]=, T,
dE, F4, 553 Y S35 =4 E4F
<E 17> wlo]a® GTL EHE AF 9434 7|€E 2 W&
7)ok 84T 7E AF7 e WE
_ 71 B ENE AL 2 Hjolerls 9
[e) H O o0 U R
A gl w Aanos 24 298 99 R
&gk Z|E(SMR)
FEA51E2(Partial Oxidation, POX)
7k 2laEn o|xkslekA~ 7" (Carbon Dioxide reforming, CDR)
A7) 2 ‘?j(Autothemlal reforming, ATR)
njo| 72 002 2]3Z"(SCR)
GTL FT 34 Freks FT 3438 SuiAx 4 jke7|&
=UE nlo] FE=HE7| nfo] A RWRG7]E o83 F-T 94 % GIL 4
1= )2
AT 7s DS 71eaRE 24 2 Znl(Hydrocracking)
A= FT A% 2437142 (Hydrotreating)
Hreold ey W o] As-3- (Dewaxing/Hydroisomerization)
s gadleld &% 71=(Hydroprocessing)
—_— nfo]Fw=rkg7o] oJgt g2 ¥4 9 F-T w34
GTL %HLOZé ° %%]_7]% °° °9oe
GTL AdH] dugr], 4571 5 GIL 4 An] 7=
O wule]=2=& GTL %%H.E_ A5 7le 55 4= A8 AAT AAA] 24
A Foke 7N HEorE AAT
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No. )%

71912 412

53)2ApH9)

- = s, g a—“i e, Taps) =2 2 5553
- 29T 1996,01.01.-2017.131.
L]« Title, Abstract, Clalms
AN 2 24 DB : Thomson Innovation % PatentStrategeis DB

(

| fars
A

((natural* or shale*) adj2 gas*) or ((landfill* or (land* adjl fill*) or bio or
biobase™ or biomethane™) adj2 gas*) or biogas*) and ((feedstock* or contamina*
or sulfur* or sulphur* or (hydrogen* adjl sulfide*) or H2S or nitrogen* or
impurit* or harmful®) and (desulfur®* or desulphur* or purif* or remov* or
elimnat* or separat* or treat* or pretreat* or (pre adj2 treat*))

111

| Wk
RES

(((natural* or shale*) adj2 gas*) or ((landfill* or (land* adjl fill*) or bio or
biobase* or biomethane*) adj2 gas*) or biogas*) and ((syngas* or (syn* adjl
gas*)) near3 (convers* or convert* or synthes* or produce® or producing® or
prepar® or transfor* or mak* or manufact® or obtain* or generat* or reform*)))
and (reforming* or (steam* adj3 reform*) or (partial* adjl oxid*) or partialoxid*
or (autothermal* or (auto adjl thermal*)) adj2 reform*) or ((CO2 or (carbon adjl
dioxide*) or dry*) adj2 reform®)) or ((steam* adjl (CO2 or (carbon adjl
dioxide*) or dry*) adjl reform™*))

437

T
—

of
o

Jpu
=)
(o
olo

((syngas™® or (syn* adjl gas*)) and ((fischer* adj2 tropsch*) or ((FT or F-T)
near? (synthe* or react*))) and ((hydrocarbon™ or diesel* or naphtha* or (middle
adj2 distillat*) or gasolin* or (lubricat* adj2 oil*) or (liquid* adj2 fuel*)) near3
(convers* or convert* or synthes* or produc* or prepar* or transfor* or mak* or
manufact* or obtain* or generat*))) and (catal* or coblat* or iron* or copper® or

potassium or nickel or aluminate or alumina or Silica or ruthenium or Ru)

214

((microchannel* or minichannel* or ((micro* or mini*) adj2 (channel* or
modul®)) or channel* or modular®* or compact®) adj2 (reformer* or reactor® or
apparatus™ or assembl* or device* or system® or microreactor® or (micro adjl
reactor®))) and (GIL* or (gas* adj2 to adj2 liquid*) or (fischer* adj2 tropsch*)

or ((FT or F-T) near2 (synthe* or react* or process* or reforming)))

79

((upgrad* or hydrocracking® or hydroprocessing® or hydrotreat* or
hydroisomerization* or (hydro adjl (crack™ or process* or treat* or
isomerization*))) and (GTL* or (gas* adj2 to adj2 liquid*) or (fischer* adj2
tropsch*) or ((FT or F-T) near2 (synthe* or react* or process*))) and ((diesel* or
naphtha* or (middle adj2 distillat*) or gasolin* or fuel* or oil* or olefin* or
oligomeri*) near5 (convers® or convert* or synthes® or produc* or prepar* or
transfor®* or mak* or manufact® or obtain* or generat* or get* or upgrad®)))

425

¢ _GIL
TeA

(((GTL* or (gas* adj2 to adjl liquid*) or (fischer* adj2 tropsch*) or ((FT or
F-T) near2 (synthe* or react* or process*))) and (microchannel* or (micro* adj2
(channel* or modul*)) or modular* or compact* or microreactor® or (micro adjl

reactor®))) and (reform* or (micro adjl reform*)))

61

GIL
]

((GTL* or (gas* adj2 to adjl liquid*)) and (equipment* or facilit* or installation®
or apparatus* or (heat* adjl exchanger®) or compressor® or condenser* or
separator® or cooler*))

43
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= 26 198994,
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(X 84> 500 BPD® GTL ZEHES F AEFA (TCD A& U (39): 99)

Ttem oo | CostsBED | [0 Cost 500 BPD
1. Direct Cost

1.1 Purchased Equipment 1.00 11.57 1.00 130.64

1.2 Purchased Equipment Installation 0.22 2.54 0.30 39.19
1.3 Instrumentation & Control 0.24 2.74 0.30 39.19
1.4 Piping 0.60 6.94 0.60 78.38

1.5 Electric 0.20 231 0.15 19.6

1.6 Buildings 0.23 2.64 0.18 23.52

1.7 Yard improvements 0.10 1.16 0.10 13.06

1.8 Service facilities 0.00 0.70 91.45

Total Direct Cost 29.9 435.03

2. Indirect Cost

2.1 Engineering and  supervision 0.15 1.74 0.33 43.11
2.2 Construction expenses 0.08 0.9 0.20 26.13
2.3 Legal expenses 0.05 0.58 0.04 523

24 Contractor's fee 0.06 0.69 0.22 28.74

2.5 Contingency 13.9 0.30 39.19

Total Indirect Cost 17.81 1424

Fixed capital investment 47.71 57743
Fixed capital investment(delivered) 52.48 635.17

O A7) #®o|A] Ratio factordk ZHE AXA] IFF o7 FUlEE 2o H|E

A& o), AlakEl Q2 AwH|(Purchased equipment)ol] F3lA= &Y

tlo o

AE AAunitt thExvk dukx oz GIL faclityd] 2 99 2 e
L3170

>

O & A EMAIAAS] 2,000~5,000 BPD 7 2 5,000~10,000BPD #+7+¢] wlo]=
Z GIL Z9E 1 BPD B dAAH H FAHI= 147 41789 =2 24 H

-5 A AFEY 22 ZEY 3 A 72 AAZR A3 0.99 scale
factor® 7}A|Al €7D

o EMAAIAZ FE A 500 BPD ¥ EES o7 /| 2Hsld FHEE A
A HE2Z scale factors AR A4 Al HkY

o

70) Chemical engineering plant cost index (CEPCI 2014)

Small scale Fischer—Tropsch Gas—to—Liquids Facilities, Fischer—Tropsch Synthesis, Catalysts, and

Catalysis Advances and Applications ,CRC Press, 2016
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g5 F7ko] AFAM AA k= B8-S 13sle] 1 BPD § 3AMIE 2R3

5,000~10,000 BPD,
940714, 37%
2,000~5,000 BPD,

162071 &, 63%

m 2,000~5,000 BPD 5,000~10,000 BPD

[Z8 129] e 2o &3E HF

(E 86> E}AAA wlo]a 2 GTL ZHES IAMAA 1 BPDZ FAHH] AAH A

1BPD 7
5 x 3As - ° B
A 2,000~5,000 BPD 3,500 BPD 148,170 1620
B 5,000~10,000 BPD 7,500 BPD 137,297 940

P=(A*A)+(B*B,)/(4,+B,)
00|32 GTL ZEME 1 BPD & Hod ZAMH|
HE

o] 1 BPD & ZApH|

P ST EFHAIY
A, 779 B7H 8 =

B, : 77182 5713t 8% SUEQ| 1 BPD = ZAtH|
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T 26 27 28 29 *30 '31 ‘32 ‘33
AR vlo]I 2 GIL
ZYUE ZZAE 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40
4
nlo] g2 GIL
ZHE A 9 496875 | 496875 | 4968.75 | 4968.75 | 4968.75 | 4968.75 | 4968.75 | 4,968.75
A8 1 2(BPD)
T} AW
1 BPI()OQ’OJ‘)’ M 2.00 2.4 2.09 2.14 2.19 224 230 235
(o= = [ ];QE._ PSRe
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<& 91> AAA GTL 7|& E9E Z2AE 9 3 7|4 5 83
Z3EY ok 8% 0pd) | 715 A ]
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U
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2026 - - 115.1 80.9
2027 - - 123.0 82.8
2028 - - 1315 84.7
2029 - - 140.5 86.6
2030 - - 1502 88.5
2031 - - 160.5 90.6
2032 - - 1715 92.6
2033 - - 1833 94.7
A 913.8 751.8 1175.6 701.4
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<E 111> F8 2] ¥4 (29 949)
. 5 bpd 500 bpd
e Deseiiotel Amount Cost Amount Cost
1 Desulfurization 1 ea 0.12 2 ea 1.99
2 Reformer Package 1 set 3.51 1 set 35.00
3 FT-Reactor 1 ea 234 1 ea 25.00
4 Drum &Vessel 6 ea 0.35 6 ea 10.65
5 Heat Exchanger 7 ea 0.86 10 ea 17.00
6 Compressor Package 1 set 4.10 2 set 36.00
7 Pump &Etc. 0.29 5.00
Total Purchased Equipment Cost 11.57 130.64
Total Purchaseq Equipment Cost 1272 14370
(Delivered)
O % AE Ex Total capital investment (TCD) & o9 2o 2 AAardth

n
T == Fpx (1 | ZF,-)
i=1
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- o714 [g= delivered equipment mvestment, < N go] Z3E A
ZAHgS sty Fe AAAY, 1288, f524Ee ratio factorg v gt

o] 7§ o n]u] 4 un](Contigency)= vlol =
% ks, AA A 9@ AFfde HEow xg

Ao, 500 bpd HE AF5 FHE HFole=
Purchased equipmentell 30%E F& 44U 7= = A4S

' mlm

—~

O 4= F A FAH 82 5 bpd ¥ 500 bpd 22 -5 Z+2t <F 539
5ok 628 o Yo HAEME A R S weh AAE 20 % A%
oar} BAHow WA & g

A&rﬁ

2o FAo teiAE 194 oA AA|3] feasibility
7} Q1o 1 Al Aol #d H_S EFAI7Z 3§

<E 112> F AEFER (TCD A& UY (3% 99)

Ttem g“'c&)‘; Cost SBPD fl:itt'o‘; Cost 500BPD
1. Direct Cost

1.1 Purchased Equipment 1.00 11.57 1.00 130.64

1.2 Purchased Equipment Installation 0.22 2.54 0.30 39.19
1.3 Instrumentation & Control 0.24 2.74 0.30 39.19
1.4 Piping 0.60 6.94 0.60 78.38

1.5 Electric 0.20 2.31 0.15 19.6

1.6 Buildings 0.23 2.64 0.18 23.52

1.7 Yard improvements 0.10 1.16 0.10 13.06

1.8 Service facilities 0.00 0.70 91.45

Total Direct Cost 29.9 435.03

2. Indirect Cost

2.1 Engineering and supervision 0.15 1.74 033 43.11
2.2 Construction —expenses 0.08 0.9 0.20 26.13
2.3 Legal expenses 0.05 0.58 0.04 5.23

2.4 Contractor's fee 0.06 0.69 0.22 28.74

2.5 Contingency 13.9 0.30 39.19

Total Indirect Cost 17.81 142.4

Fixed capital investment 47.71 57743
Fixed capital investment(delivered) 5248 635.17
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- 2HAN 24 A3 29 2 210|B2el &H
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- FEED =S MHEsS <8t & X (Reference) FEED IHIIX &HE &

M

- 0t0l3=2 GTL S¢HE & WIIX &2 2 =4

- & FEED MIIX & GTL SHE & Sd= EtEot, Z&3 = FEED
A E ?e 00|32 GTL SeHE FEED ZdyA3 JHE

O Z2F WX &2)|= & J=2LH

- X/ A/ H28FE Al 22, €9, 25, ¢S g EHAH9

Type
2 AR Z2FH.
- BEDD, PFD, Mass/Heat Balance, P&ID, & XI/ HIJ| Schedule
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Description)
- A& ZFH|(Pre-Commissioning) &X
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- Jis(Start-up) EX & 0=

- & 2&(Normal Operation) X & &g g
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O 500 bpd2 ZUE AXLINY, AIZ, 2F H= HI
2 28 )= =g
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=
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O HADIAE 24 &2 L A2[I)HA 2ZEZAH FE
O BIA 22 AAH Iz HF
- YIBIA 23 A2 6500 Nm*/hr
- s & 90%
- DIS28 2 55 @ < 1ppm
- A2ItA 22 AAE 2F Al2H @ 8,000 h
[2HIE A E4EIIA ME=E 2IZY Jl= N (TRL 8)
O ASHI20AN 28 S4IIA MZX2E Jles N
— BEZAIAE 32 @ 26,000 Nm®/hr (FT 500 bpd CHS)
- Single 2 37| : >1,000 m*/hr (FT 20bpd CHE)
- DEY ASZUHE 2F Al2F : 8,000nr
- 2EF o2)| Z2TES : 0.05 m*/(10m*/hr, 1bpd)
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5% 0l 3=
- A2 QEF SFAHNAMEI AAY AN : >100,000 Nm’/hr (2000 bpd CH
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1413214
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71€)

A AR 717 AA 4d ) S gs
17 AP, G 7k 224 A dlojgujo] s She
As7k &g AI2E 7] A B opr] 24el] ke Al
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- Y87k F R ;6,500 Nmvhr
-CH4 & = :>90%
- 9554 ZF 5% < lppm

- AE7F B AR 4 ARE 8,000 h

v

e FF 7k 24 WHEl 93k <3 %
- Y87k FE R ;6,500 Nmvhr
-CH4 & %> 90%
- Y524 Z2F 5 < lppm
- YE7F S5 Al2E 2 ARE 8,000 h

24133 A)
&7k AxE FEy
71 M

15HA]

R Al R 2x2 v, 3x3 v
ASE BE ¥-37)(~ 300 m3/hr, Sbpd S
260 Nm3/hrig §/37F2 AZaA EAYAAA 8 A2}
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HESA|~H &4 As . CH4 A3k > 90% H2/C0=2, =)
AYA] 2718 9] 95% o 3%
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L

26|
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Ol=LjjAlo} 712X MOU

This MEMORANDUM OF UNDERSTANDING ("MOU")/Business Partnership Agreement ks miade
this 7 _ dayof _November _ 2016.

BIO FRIENDS INC., (Registration Mo, 192-86-00453) a company incorporated under the laws
of South Korea and having its place of business at No 404, 160 Techno 2-mo, Yuseong-Gu,
Daejean City, South Korea (hersinafter referred to as "BFI”),

and

KHALIFA ENERGY ASIA INC., (BVI Compary No 1916004) a comparny incorporated under
the laws of British Virgin Island whose principal office 4" Floor, Ellen Skefton Building, 3076 Sir
Francis Drake Highway, Road Town Tortola, British Virgin Istand VG 1110, (hereinafter referred
to a5 “Khalifa Energy™), and

BF1 and Khalifa Energy are hereinafter individuaily or eollectively refesred o as “Party(ies)”

EFI is an established company n South Korea having vast experience in Natural Gas Prooessing
and the required Expertise on Research, Development and Design for the Ol and Gas Industry
In South Korea.

Khalifa Energy has the required business (o usiness (B to B) experience in handling Ol and
Gas Projects In Indonesia with International Parties deemed fit in bringing new technologhes
and Investments Into Indonesia,

The Parties have agreed to work In partnership to achieve the following:

(i} Procurement of Petroleum Based Matural Gas and Procurement of Biogas from Palm Ol Mill
Effiants;

(i} Projects on Smiall Scale LNG Plant {including LNG Bunkering Terminal), Gas to Uquid (GTL)
Process and Dimettnd Ether (DME) Processing,

This partnership Is vital for both Parties 5o as to emsure all the procurements and processes
are genuinely done n a perfect manner and néew technologies and iInvestments be introduced
into Indonesia.

The Parthes wich lo co-operate and collaborate with each other and combine their resouwrces in
onder to jointly prepare for the award of Project(s) in Indonesla, as a Consortium or Partnership.

If & contract for the Project s awarded, the Parties under this MOU shall jointhy make the
mecessary preparation and render Full support for successful performance of works for the
PROJECT.

THE PARTIES HEREBY AGREE AS FOLLOWS:

3|

The Parties shall co-operate axclushvely with each other with respect to the preparation and
submission for the award of the Contract for the Project and the seecution of the senpe of works
and services required by and pursuant to the Contract to be performed by the Parties pursuant to
the provisions hersin,

Khakfa Energy shall assist BFI In securing the Natural Gas and Blogas from genuine parties in
Indonesia

Khalifa Energy shall aiso be empowered (o assist BF] on Small Scale LNG Plant (induding LNG
MMHETMLGHMM{GR}FMMGWEHW{M}WWWM
1 i

Fagmid 2
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4, To achieve the above goals, BFI shall issue to Khalifa Energy a Letter of Intent to collsborate and
Khalifs Energy shall lssue o BFT a Letter of Tnvitaticn to meet in Indonesla and visit the Ol and
Gas Sites involved.

5. A Collaboration Agreement shall be signed by both Parties on the above Projects.

£. Both Parties shall evaluate the effectiveness and adherence to the Collaboration Agreement, and
determins the time for the evaluation to be done.

7. This MOU s not a commitment of funds betwaen both Parthes, The funds required will be activated
upon the signing of the Collaboration Agreement between both Parties.

B. This MOU may be modified by mutual consent of authorized offidals from BFT and Khalifa Energy.
This MOU shall become affective upon signature by the authorized offidals from both Parties and
will remain in effect wntil modified or terminated by any one of the Parties by mutual consent. In
the absence of mutual agreement by the authorized officials of both Parties, this MOLU will end on
either party giving two (2} months’ notice of termination.

g, Hoth Partles shall at all times hold all information, whether technical, commendal, financlal or of
any other kind strictly confidential and shall not, without either party's prior written approval,
divulge ta third parties or use lor any purpose.

10. This MOU do not constitute a binding agreement of the Parties, bt mone on the expression of the
. interest and intent at the time of iis execution. The Parties shall setthe in good faith and
gy W on and in mutual consultation on all questions arising from the implemerntation

of this MOLL.
In WITNESS whereof mmmmmmﬁymﬁem
expcuted by their duly authorzed representatives. Khalifa Energy Asia Inc.
For BIO FRIENDS ] Wlﬂﬂ-

I 0 Awthorized Slgeanires}

gt et

Cho Wonjun Geri Soplan i
PRESIDENT /CED Director
Date: 7 plbi merl Date: 17 Aov 2oi(

Company SLamp

9
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