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10.1

OVERALL METHODOLOGY

The objective of this section was to perform economic analyses for various
technology options in order to recommend "short term™ and "long term” strategies
for the development of GTL projects in Venezuela. The following information was
gathered for all the technologies under consideration to perform the economic
analyses:

« Total Installed Cost
« Product profile
» Feed and Product Prices
» Operating Cost
The following technology options were considered for evaluation:
« Exxon
« Shell
« Sasol
*  Syntroleum
« Rentech (POx, Rentech's F-T)
+ PDVSA/Intevep (ATR, Intevep's F-T)

Of the above, only Sasol and Syntroleum provided the required information for
the entire GTL plant. Exxon and Shell did not participate in the study. Rentech
and PDVSA/Intevep provided information pertaining to their Fischer-Tropsch
technology only. The following steps are imperative before proceeding with the
economic analyses:
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» Adjust the Total Installed Costs {TICs) for Sasol and Syntroleum cases 50
that they are on a comparable basis with other licensors.

+ Develop TICs for Rentech and Intevep cases utilizing the information
provided by the respective licensors for the Fisher-Tropsch synthesis unit.

Raytheon's proprietary software model, RAYSPONSE™—GTL, was used to
accomplish these tasks. Reference should be made to Section 9.0 of this report
for a description of this mode!.

Figure 10-1 is a schematic of the methodology used to perform ecanomic

analysis.

Fig. 10-1 Economic Analysis Methodology
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Step 1.

The RAYSPONSE™—GTL model was customized by adding project-specific
information such as licensor-provided yields, utility requirements, capital costs,
feed/product/utility prices. Raytheon’s database was used to fill-in the information
not provided by licensors.

Step 2:

The RAYSPONSE™—GTL model was run for various technology options keeping
the investment costs on a Guif Coast basis. The results of all the options
analyzed are summarized and analyzed.

Step 3:
Based on technology (Séction 8.0) and economic evaluations, one or more
technologies were selected.

Step 4:

TIC conversion factors were developed for the three potential sites namely, Jose,
Anaco and Guiria. Based on the resuits of the site study {Section 6.0) and site
specific parameters, additional RAYSPONSE™—GTL runs were made to select a
“suitable site.

Step 5:

At the completion of step 4, licensor(s) and location of the GTL plants were
selected for the "short term” and “long term” projects. The selected cases were
then used to perform risk and sensitivity analysis.
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i0.2  "SHORT TERM" CASES
10.2.1 General

As agreed with PDVSA, a Natural Gas feed rate of 150 MMSCFD has been used
as the basis for the economic evaluation of the “short term” cases.
RAYSPONSE™-——GTL runs were performed for Sasol, Syntroleum, Rentech and
PDVSA/Intevep cases. Since Exxon and Shell declined to participate in the
study, published information has been used to perform the economic evaluation
for these two cases using a spreadsheet model. Table 10.1 summarizes the
resulis of economic analyses for the cases. '

The preliminary economic analyses performed in this section are suitable for the
purpose of comparing altemate routes and are based on the following

parameters:

«  West Texas Intermediate : $20 per BBL (Real terms).

» Diesel Premium : Based on Venezuela and World Conditions:
7 $/BBL "Short Term” - Venezuela market.
4 $/BBL "Long Term” - World market.

* Investment Cost Basis US Gulf Coast.

= Invesiment Schedule X Three years:
Year 1-10% TIC.
Year 2 - 50% TIC.

~ Year 3 -40% TIC.

« Project Life : 20 Years.

« Depreciation : 10 Years, Straight Line.

« Net Present Value (NPV)' : Based on & 10% Discount Factor.

+ Investment Tax Credit : None

A more defailed economic analysis, considering additional parameters for the selected
cases is presented in Section 10.5.
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10.2.2 Exxon

Exxon have indicated via a communication to Raytheon that no reliable
investment cost data are available in the published literature. However, to
perform a rough analysis, Raytheon estimated the TIC for Exxon technology
based on an article by Morgan Stanley Dean Witter. This article estimated an
investment cost of about 24,000 $/BBL. for a 50,000 BBL/D plant. Based on this,
Raytheon estimated that a 10,000 to 15,000 BBL/D GTL plant would cost
approximately 29,000 $/BBL. This increase in cost for the smaller scale plant is
due to the fact that significant economy of scale is lost. .

Using a liquid yield of 17,000 BPD (See Section 8.2.1.1.4), Raytheon estimated
an internal rate of return of 12.9 % for the Exxon technology based GTL plant, on
a US Guif Coast cost basis.

10.2.3 Shell

Since Shell did not participate in this study, Raytheon used information from
published sources to perform an economic analysis. A Morgan Stanley Dean
Witter article estimated an investment cost of about 26,000 $/BBL for a 50,000
BBL/D plant. Raytheon estimated that smaller size plant, considered for the
“short term”, would cost about 30,000 $/BBL. This in combination with an
estimated liquid yield of 17,300 BPD (See Section 8.3.7) resulted in an estimated
-internal rate of return of 12.5 %.

10.2.4 Sasol

Sasol considered the GTL plant as a black box and provided product profile, total |
investment cost, operating cost and utilities requirement. Sasol also provided the
following approximate investment cost breakdown for various blocks that make

up the GTL plant.
Description % of TIC
Syngas 30
F-T Synthesis 15
Product Work-Up 10
Other Process Units 10
Utilities 15
Offsites 20
Page 105 Raythesn
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Reference should be made to Section 8.2.1.3.4 for a summary of information
provided by Sasol for this project. The following is a summary of information
sources for yield, utilities and investment cost used in the RAYSPONSE™—GTL
madel for this case:

Unit Yield Utilities Investment
ATR RAYSPONSE™ RAYSPONSE™ | RAYSPONSE™
F-T Synthesis Shultz-Flory Distribution + | RAYSPONSE™ | Sasol's TIC +
Sasol’s Cverall Yield Cost Breakdown
Product Work-up | RAYSPONSE™ RAYSPONSE™ | RAYSPONSE™
All Others RAYSPONSE™ . RAYSPONSE™ | RAYSPONSE™

RAYSPONSE™—GTL program has all the processing steps required to model GTL
plants based on various technologies. In the model, all the required processing
steps were kept open, and the others closed out. In addition, Shultz-Flory
distribution was used to estimate the product distribution from the Fischer-
Tropsch unit. The *alpha” value in the Shultz-Flory distribution was used as a
tuning parameter to estimate the F-T unit product distribution that matches the
Sasol data. The overall yield was tuned using a “yield factor” to match the total
liquid yields estimated by Sasol. The RAYSPONSE™—~GTL model generated:

= The investment cost for the overall plant and each of the units.
» A block flow diagram (BFD) with key stream fiows (See Figure 10.2).

» Utilities summary.

The RAYSPONSE™—GTL model estimated a TIC of 388 MM$. This is in close
agreement with the TIC provided by Sasol (385 MM$). An internal rate of return
of 14.5 % was estimated for this case based on the TIC of 395 MM$. This
particular run benchmarked RAYSPONSE™—GTL mode! and ensures comparison
of all the technologies on the same basis for the "short term" cases.

10.2.5 Syniroleum

Like Sasol, Syntroleum also considered the GTL plant as a black box and
provided product profile, total investment cost, operating cost and utilities

requirement. Reference should be made to Section 8.2.1.4.4 for a summary of
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information provided by Syntroleum for this project. The following is a summary
of information sources for yield, utilities and investment cost used in the
RAYSPONSE ™—GTL modei for this case:

Unit Yield Utilities Investment
ATR - air based RAYSPONSE™ RAYSPONSE™ | RAYSPONSE™
F-T Synthesis Shultz-Flory Distribution + RAYSPONSE™ | RAYSPONSE™
Syntroleum’s Overall Yield
Product Work-up | RAYSPONSE™ RAYSPONSE™ | RAYSPONSE™
All Others RAYSPONSE™ RAYSPONSE™ | RAYSPONSE™

Raytheon performed a simulation of ATR with air feed and natural gas to
determine the capacity and yield of Syntroleum’s ATR. The gas flowrate through
the unit was, as expected, significantly higher than that for an oxygen based
ATR. The estimated syngas flowrate was used to develop the investment cost of
Syntroleum’s ATR. Syntroleum claim that its high activity F-T catalyst allows
once through F-T reactor design. The expected increase in F-T reactor size due
to the presence of large amounts of nitrogen in the feed would be offset by the
decrease in its size due to the once through nature (no recycle) of the process.

Shultz-Flory distribution was used to estimate the product distribution from the
'Fischer-Tropsch unit. The “alpha” value in the Shultz-Flory distribution was used
as a tuning parameter to estimate the F-T unit product distribution that matches
the data provided by Syntroleum. The overall yield was tuned using a “yield
factor” to match the total liquid yields estimated by Syntroleum. RAYSPONSE™—
GTL model generated: '

= Investment cost for overall plant and each of the units.

» A block flow diagram '(BFD) with key stream flows (See Figure 10.3).

« Utilities summary.

The RAYSPONSE™—GTL model estimated a TIC of $ 455 MM. The estimated TIC
is more than that provided by Syntroleum. The primary reason for this increase is
the common basis used to estimate the investment cost for offsite and utility

systems.
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An internal rate of return (IRR) of 11.2 % was estimated for this case. In
Raytheon’s assessment, export power was an integral part of a Syntroleum GTL
plant. Due to this, credit was taken for export of 50 MW power in addition to the
liguid products in the IRR calculation. The IRR is significantly lower due to lower
fiquid vields and low value for the exported power when compared to other
technology routes.

10.2.8 Rentech

Rentech provided information only for the Fischer-Tropsch synthesis section and’
assumed a POx unit for synthesis gas preduction. It was necessary to develop a
TIC for the whole GTL plant in order to perform an economic analysis. The
conventional methods employed to develop TIC for this situation would involve
numerous time consuming steps. The RAYSPONSE™—GTL model, due to the
modeling techniques and database, was effective in significantly reducing the
time required to develop the TIC for this case. Further, this allowed comparison
of various technologies cases on the same basis.

Reference should be made to Section 8.2.3.1.4 for a summary of information
provided by Rentech for this project. The following is a summary of infarmation
sources for yield, utilities and investment cost used in the RAYSPONSE™—GTL
model for this case:

Unit ¥Yieid Utilities Investment
POx RAYSPONSE™ RAYSPONSE™ RAYSPONSE™
F-T Synthesis Rentech Rentech Rentech

Product Work-up | RAYSPONSE™ RAYSPONSE™ RAYSPONSE™
All Others RAYSPONSE™ RAYSPONSE™ RAYSPONSE™

All the information provided by Rentech for the F-T synthesis section was added
to the RAYSPONSE™-GTL model. POx unit was used for syngas production. The
RAYSPONSE™-GTL model was run to generate all the required information to
perform the sconomic analysis. Figure 10.4 is the BFD generated by Raytheon
for a GTL plant based on Rentech’s F-T technology.
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It was estimated that the GTL plant would cost about $ 468 MM. The following
are the key reasons for the higher investment cost of the GTL plant when
compared to that based on Sasol technology:

«  POx requires additional oxygen. Requires 2-train oxygen plant for this NG
feed capacity.

« Multiple F-T reactors are required. The maximum single train capacity of
Rentech’s F-T reactor is 3000 — 3500 BPD.

The estimated IRR of 13.9 % is within 1 % of the Sasol case inspite of the
significantly higher TIC. This is due fo the increased liquid product yield when
compared to that of the Sasol technology.

10.2.7 PDVSA/Intevep

intevep provided information only for the Fischer-Tropsch synthesis section. As
in the case of Rentech, it was essential to develop the TIC for the whole GTL
plant in order to perform an economic analysis. The RAYSPONSE™—GTL model

was used for this purpose.

Reference should be made to Section 8.2.3.2.4 for a summary of information
provided by PDVSA/Intevep for this project. The following is a summary of
information sources for yield, utiliies and investment cost used in the
RAYSPONSE™—GTL model for this case:

Unit Yield Utilities Investment
ATR RAYSPONSE™ RAYSPONSE™ RAYSPONSE™
F-T Synthesis PDVSAAntevep | PDVSA/Intevep | PDVSA/Intevep
Product Work-up | RAYSPONSE™ RAYSPONSE™ RAYSPONSE™

All Others RAYSPONSE™ RAYSPONSE™ RAYSPONSE™

All the information provided by PDVSA/Intevep for the F-T synthesis section was
added to the RAYSPONSE™—GTL model. An ATR unit was used for syngas
production. The RAYSPONSE™—GTL model was run to generate all the required
information to perform the economic analysis. Figure 10.5 is the BFD generated
by Raytheon for the GTL plant based on the PDVSA/Intevep F-T technology.
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It was estimated that the GTL plant would cost about $ 373 MM. This case has
the lowest cost GTL plant when compared with all the other technology providers
due to the low cost of the F-T unit. However, TIC's required for both
PDVSA/Intevep and Sasol are about the same, since the difference seen is well
within the accuracy of the estimate. Also, it should be noted that, due to the early
stage of technology development, the F-T unit cost is considered soft and may
increase as the process develops further.

The estimated IRR of 16.6 % is higher than that estimated for all the other
technology options. The primary reason for this is that the estimated product
distribution indicates approximately 2,500 BPD lower naphtha and a
corresponding increase in kerosene and diesel range material. Diesel being
valued higher than naphtha, the revenue of the PDVSA/intevep case is improved
appreciably, resulting in an increased IRR.

10.2.8 Recommended Technology

An overall ranking of all the licensors based on technical and economical
parameters is provided in Section 8.3.8.

"Short Term" Project

Group A:  Sasol, Shelt
Group B:  Exxon
Group C:  Rentech, Syntroleum

PDVSA/Intevep is not included in the above list since its technology is still in the
bench scale and is not expected to be ready for commercialization for the “short

term” project.

The Sasol case will be used in Section 10.4.3 fo select a suitable site for
recommendation, since complete and reliable information is not available for

Shell's GTL technology.

Page 10-10 BEaviheons
Raytheon Engineers & Constructors

I



sicjonisuo) ¢ sleaujbul uoayiiey
GngpepRagAeng . 1b0) abed

TIN0T MV IREIONd - WALHIGEHO0 O IH LAY
"ONINITHIS 40 FEQENG AL HO SNAVING SEV SMOS DALYHIESH JHI HOSNIIN AO0TONHIEL SHL AB SA0NDHH B 1NUQUC TTAEEAD BHL HILW
O 0FI8NM0Y THIA NOHNBISLSIO ASOTSZLINHS 40 BOLIwE JHEW. SHL QMY T131A LN MOSHOREUFHISI SHL TH00W .119-33HDISAYY. AYIIIHdOHd SUI SNISN NOBHIAYR A CAUYHINID SvAh WHOMO QTS ADOTE SHL
Qassiv[T
']
SAUSAH0 7 SIUNA .
QrsNOL o
aH29a1
83T FEECHOAN T
SIAEMTELINYE] aAnsN
1oy ueBoupfy TERT 1y BE,
R TGy + ﬂwHU
as( (UM I HIZONAM Y [uniel
407 Iy IR "
; WEOS ol
=
WENE Jid
&ENOL
“EIVE:. (15578
Lt any
“d38 Mg
£ R EEET
[ E—
TAE3] 15is it [ REEREE] "
>
) 86l . WHIHdYN Togony seg wnd y@E
A BISEAN
e ] .
INISOURA B ‘
w
ENaL
Lk suasaiy| gy ulgsig 4 - BiBS
i O sEQIPng oL i HeARE BUS) Lo WAL ] SISAIAAS
¥
qayarm uabopdy
1004 CEITRR QLW
15n00kd 03 053 -
NIRRT b 13s3a AHIAQDTI Sk
F VT ALY 0 JNIeN
[ e e T EOF =
waledg o I
S69Q N3 oL il
[
TEG/8 0Z = (LA 18ROD S 35D WHAL LHOHS "OSYS
HOLLAIHOS5EA I8YD
X T "7 i TR
JSV0 WHIL LEOHS NOEAZHIMOSYS - WYHOWIA MOTE MO0 1L (&0l JunDid

sIsAjeuy 21oLU0oT 00l ucliveg
100°'8006. ON 1o8loid

7
D> | $8D YSAT 10} Apmg Aijjaisesd
<w>nn_ > |

1080l UojsieAuo?) spinb o} s | N



SIOJNIISUCY) 1§ steau[Bug uosyifey

EEElTl Gl

Z1-01 bed

TN Avivr Chebeddss - WHIHTRIMON N0TH LRl

HINIIUSE 40 I50dHNd 3HE HO TTHYLNS JHv SM0T] O3avILST BHL HOSNION ACIONHIAL SH A8 gAUIN0HE G314 EINAOH TMYIAD 3H2 LW
04 O2ASMNY JA NOUNBIMLSIA ASDIZ1TNHS 0 HOLIW- WHIW. SHL GNY IZIA L0 HISIONLHIHIBI SHL BA0M JLD-3SN0dSAVY, AHVLEIHCOH S0 SNISN NOSHIAYY 4B CRIVHENRS v KvHSwlS AFL #3018 SHIL

TETION

5315450 7 SALERIN

SETWE NIGCROAH 0 ™

R GREH R

Asq R
oy 2Ry

weisis

[PR——
153591 WR
T WHLHdYH
—— ]
ANFSOHTA 0
BL’
-—_m | sussoim papt . wmsdg
NIV H91 R s jung of
QN valinpdy
100d _mﬂln M. : i
— 1andokd .__
VRIFGVH 22K T
POENOL

[F-IVa] BT
dHaT
RIBF[Y jEHAL D418 CLENE
oy ueBoipAy TRt | fien ]
- Iinrig A
* TR AH MFIRUALN 20 RINEN
[ m:
A —
HERTE R
agany 5%
sV
Biong sBg 14 Goag -
WA ssE,
[
Ty
asHoL
d “DrgnT ceBudy e
e

neas preg 14 i8S SIamIms
14

5 [ang op

oL

R
AN

A7IH 15T

wetoL

R
DN T

“IEER DLV

SRE
m.m_m_a.z

h 4

g

TEg/S 0F = LA ISEOD IR ASVD INYEL LuQHs TANEIGHLNAS
F NOLLGINOSE0 35¥D)

HEV0 W3l LHOHS NSTONINAS - WYHDVIG AGTS MDCTE LS © oF Z9nolg

Soifan B o8 N »’@b

siSAjEUY SILoUoDT )"0}, UoRosg

100°9006. "ON 198f0ig

enm unam 110 dnrso Sidiens 1



S10J2MHISUGY 1§ S1aouIBug uoaijiey .
TRl CE . g4-0} 8beg

“TIG0W AU LTAAGHE AL
“ONINDHNIS A0 230U SML YO FTEVUNS LY SM0T ZUVAILSS 3HL
“LOAM0H SIHL HOA HOZNTY AQ 03RADYHd MEIA LNA HOSCOHLYHIEN SHL “A00M JILD-ZENOAS A, AHVLINDONS 511 SMEN NOTHLAYY A8 QId0T3AIA BYM WVHERID MO MO0TE SIHL
CHDSHNETTTT
ariga
S418340 / BREIN
aENek -
QHEgy
SRRSO T TEEMI
aiman s Qd05HN s
- 19} yafiorpiy ADTfEF ] CEE Bz
) DTN K ) aw [ I
aary yeulegy) WRRES gH Hinmina g [uney
16 gty A1 TR
vals WeBts g
o,
WEAT gy
/sNOL
- B ek
15 n
s3SIy
cie THE - 15 .
+ T e T o QA "uaBapdy
BSA0 29401
Bujoog 20 woid Boeett
Uik BISTAL
—_—
SN3TOHIA © 0
t - EE
¥ !J_ .
; i . < WSNOE
¢ Bt . LS 0ITH fHan wasls * EEL" pILy -
hi# BV N 5i51 seQ [oRg o) XEfk PURD Lo BIE - F1)
¢
a0o0d a/shol
13na0td LEI5Ik
T e = =rE T HDUYAIXD £
TVt BB NN
EEBEEE ] DB
154 L YHIHAYN
wesly L
a5 ARy o) w
TEEMS 0 = AL 1SB0D D "ESVYD WHEL LHONS HOALRNGY
NOLLJId D530 357D
T 0y LY T ~1 o oy i 3 > T w
d8v0 WHEL THGHS HOELNTY - WYEDYIA MOTE MOCTE 719 #'0L S¥NDIL

sisAjeLly ojllolion |0'glL Uonoes
1009006, "ON 108foid

<\m>n n— vVM\A‘ . 525 YSAQd o} Apnig Ajiqiseed

.u jo8[old Uojsiaauog spinbri o) seg ™



£ .
{3

; .

$10JonKsueg P siveujbug uoayiey .
dipaupiegy - pi-04 oBed

TANOR AN TARIIGET - W LHAGT 0T R 10T
DHINIALIS 40 ASULH ] FHE 404 T IEVUNS Jdy SMOTH GALVWLEE i
1INCHA SIHL 1O dRAIINVYEAGY AR AIAAHC HOUVWEOIN SHL NO 0IEYE SvA d131A 1l HAS4OH| #3HISI SHI T300W L USTENOASATY. ANYISRIADED SI2ENISN MOSHLIVH A2 0Z1vHAIEE BYA WYHOMIO AA0T4 40018 SHL
adssnm[ 7]
anga
S50 530
asHoL -
K931
SINMEREEOLEAH 1
lon{y purai] 0435 apsH
1oy uedmpAH I + BT
“Yeoimeaat " ANy N RS
5 Jeo) v TG dH KNG S NN
Joj 1m0 FWAUAL
was, ¥ WS g
Wl g
T
oy
sZ - Esal
S —
T3S0 Puke TEC - SNI8059R
a1 Vil Helvil BLIRSY seg Wiy FEIL:
ETELT
q-
33O 0 ST . E
[ . .
. I @sHoL
— Sl H R B WFAG o - oY) faduig ElFes
NIIveYeN G561 M Se Jang o) 107 | MeatwPuod 1dveeitFf SISIHARAS G ]
P E3)
- 3D vejapiy
Al blﬁw. ENaL WENDY DK
S Getem? EL s (@3]
R YT 507 Esan M EAOGTIH R e WEEHOHY SEEE.
LVIH SLSVAA WIS g iy
BEk E T | 5
E WEWS dH ¥ R
uaysdy < 3
a0 g TTFL T
ISES 0T = (LA 580D (b8 'SSYD WML LHCHS ‘HEAZLNI
NOLLLIFDSA] JSVD
e — T n - o AT
S8VWD INEEL LdOHE "JEASLNYSAGL - WeHSVId MO MOGTE L8 66l JanSis

sisAjeUy 0lWOLI0YT 1'0) Lojoes
e mon n N2, 40050064 "0 Yoeloid

A Lenos 1 s Trma DSieare 1

$



Natural Gas to Liqulds Conversion Project - Vv
Feasibilty Study for PDVSA Gas S N PDVSA
Project No. 78006.001 N

Section 10.0: Economic Analysis

W

Table 10-1
Economic Analysis Summary - “Short Term” Case

Description Exxon Shell sasol ™ | Syntroleum' | Rentech ™ | Intevep ®
Total Installed Cost'", MM$ 395 455 468 373
Gross Revenue, MM$ ' 86.2 7754 97.8 4.1
Projected IRR, % 12.9 12.5 14.5 11.2 13.9 16.6
NPV @ 10% DF %, mm$ 85 75 108 33 110 156
Total Liquid Yield, BBL/Day 15300 12,000 16,450 | 15,300
TIC in $/BBL. 29,000 | 30,0009 | 25800 37,920 28,450 | 24,380

[ Total installed Cost includes initial charge of catalyst and license fee.

2 Exxon and Shell declined to participate in the study. The figures provided here were estimated based
on an article by Morgan Stanley Dean Wiiter dated September 9, 1997. This article provided the cost
for larger size GTL plant. Based on the $/BBL difference between "long term" and "short term” cases
as estimated by Raytheon, Exxon and Shell $/BBL for the "short term" cases were increased to
29,000 $/BBL and 30,000 $/BBL respectively.

Bl TiC provided by Sasol is 395 MM$ and that provided by Syntroleum is 351 MM$. The estimated TIC
for the Sasol case was 389 MM$. However, for the calculation of IRR, TIC provided by Sasol (395
MM$) has been used.

M Revenue for Syntroleum includes sale of 150 MW export power.

B Rentech and Intevep only provided Fischer-Tropsch Unit TIC. All other unit investment costs were
estimated by RAYSPONSE™,

] NPV (Net Present Value) was calculated using a Discount Factor of 10%.
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10.2 “LONG TERM" CASES
10.3.1 General

A Natural Gas feed rate of 500 MMSCFD was used as the basis for the
economic evaluation of the “long term” cases. The production constraints used
were based on the recommendation of the Marketing Survey {Section 7.0).

RAYSPONSE™ runs were performed for Sasol, Syntroleum, Rentech and
PDVSA/Intevep cases for two different scenarios; one without and one with lube

production.

Since Exxon and Shell declined to participate in the study, published information
has been used to perform the economic evaiuation for these two cases using a
spreadsheet model. Table 10.2 summarizes the results of economic analyses for
these cases. Like “short term” cases, the economic analyses performed here are
preliminary and & more detailed analysis for the recommended case is provided
in Section 10.5.3.

10.3.2 Exxon

Raytheon estimated the TIC for Exxon technology based on an article by Morgan
Stanley Dean Witter. This article estimated an investment cost of about 24,000

. $/BBL for a 50,000 BBL/D piant. Based on this, Raytheon estimated the TIC of
the “long term" GTL plant and performed the economic analysis.

Using a liquid yield of 56,700 BPD ({refer to Section 8.2.1.1.4), Raytheon
estimated an internal rate of return of 14.3 % for the Exxon technology based
GTL plant, on a US Gulf Coast cost basis.

The marketing study performed by Raytheon recommended the production of
3,000 BPD of {(140) XHVI lube base oil. This would be achieved by adding a
hydroisomerization unit to process the lube cut from the hydrocracking unit. The
estimated IRR of 18.2 %, clearly favors lube production. For this case, Raytheon
used an average investment of about 25,000 $/BBL of total liquid product.

Page 10-16 Rayiheon
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Section 10.0: Economic Analysis

10.3.3 Shell

A Morgan Stanley Dean Witier article estimated an investment cost of about
26,000 $/BBL for a 50,000 BBL/D GTL plant based on Shell technology. This
information, in combination with an estimated liquid vield of 57,800 BPD (Section
8.3.7), resulted in an internal rate of return of 13.2 % for the project. As expected,
addition of lube production improved the IRR to 16.9 %. For this case, Raytheon
estimated an average investment of about 27,000 $/BBL of total liquid product.

10.3.4 Sasol

Sasol provided product profile, total investment cost, operating cost and utilities
requirement for a GTL plant that feeds 465 MMSCFD of natural gas. This was
the largest GTL plant that Sasol was willing to commit {o at this time, based on
three parallel trains of air separation, reformer and F-T unit. However, Sasol
indicated that it might be possible to expand the three-train capacity to 500
MMSCFD natural gas for the "long term” project due to continuing developmental
work by Sasol and their alliance partners in the technology area. In order to
compare all the technologies at the same feed rate basis, Raytheon assumed
that it would be possible, in future, to build a GTL plant that feeds 500 MMSCFD
without exceeding the three train capacity limits. This is reasonable due to the
fact that the additional per train capacity required for this assumption to be true is
.small (7.5 % more than current maximum) and is very likely possible before the
start of the “long term” project (> year 2007). Information provided by Sasol for
the 465 MMSCFD natural gas feed case was prorated for the 500 MMSCFD

case.

A summary of information provided by Sasol for this case is included in Section
8.2.1.3.4. The following is a summary of information sources for yield, utilities
and investment cost used in the RAYSPONSE™—GTL model for this case:

Unit Yield Utilities Investment
ATR RAYSPONSE™ RAYSPONSE™ | RAYSPONSE™
F-T Synthesis | Shuitz-Flory Distribution + | RAYSPONSE™ | Sasol's TIC + Cost
Sasol's Overall Yield Breakdown
Product Work-up | RAYSPONSE™ RAYSPONSE™ | RAYSPONSE™
All Others RAYSPONSE™ RAYSPONSE™ | RAYSPONSE™
Page 10-17 R ayitaeaen
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RAYSPONSE™~.GTL model was run for the “long term" case, using a natural gas
feed rate of 500 MMSCFD. The “alpha” factor for Shultz-Flory distribution and the
F-T “yield factor’ were kept equal to those of the "short term" case. The
RAYSPONSE™.GTL model generated:

» The investment cost for the overall plant and each of the units
» A block fiow diagram (BFD) with key stream flows (Figure 10.6)
» Utiliies summary

The RAYSPONSE™—GTL mode! estimated the foillowing for this case:

Description No Lube Lube
TIC, MM $ - Guif Coast 1039 1095
IRR, % 16.7 21.3 .

. The TIC estimated for the “No Lube” case is consistent with the TIC of $ 972 MM
provided by Sasol for the 465 MMSCFD case. This particular run benchmarked
the RAYSPONSE™—GTL model and ensures comparison of all the technologies on
the same basis for the "long term” cases.

~ 10.3.5 Syntroleum

Similar to the “short term” case, Syntroleum also provided, product profile, fotal
investment cost, operating cost and utility requirements for the “long term” case,
considering the GTL plant as a black box. Reference should be made to Section
8.2.1.4.4 for a summary of information provided by Syntroieum for the “long term”
case. The following is a summary of information sources for yield, utilities and
investment cost used in the RAYSPONSE™--GTL model for this case:

K PDVSA

Raytheon Engineers & Constructors

Unit Yield Utilities investment
ATR - Air based | RAYSPONSE™ RAYSPONSE™ | RAYSPONSE™
F-T Synthesis Shultz-Flory Distribution + | RAYSPONSE™ | RAYSPONSE™
Syntroleumn's Overall Yield
Product Work-up | RAYSPONSE™ RAYSPONSE™ | RAYSPONSE™
All Others RAYSPONSE™ RAYSPONSE™ | RAYSPONSE™
Page 10-18 Baytheosn
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Section 10.0: Economic Analysis

For the “long term” cases, Raytheon used yields and cost bases similar to those
explained in the Syntroleum “short term” case section (Section . 10.2.4),
maintained the Shultz-Fiory “alpha’ value and “yield factor” estimated for the
“short term” case and ran the RAYSPONSE ™—GTL model. The model generated:

« Investment cost for the overall plant and each of the units
» A block flow diagram (BFD) with key stream flows (Figure 10.7)
 Utilities summary

The RAYSPONSE™—GTL mode! estimated the following for this case;

Description No Lube Lube
TIC, MM $ - Gulf Coast 1258 1302
IRR, % S 10.7 15.9

The estimated TIC of § 1,258MM is more than that provided by Syntroleum
($1,098 MM for no lube production). The primary reason for this increase is the
common basis used to estimate the investment cost for offsite and utility
systems.

.In Raytheon’s assessment, export power was an integral part of a Syntroleum
GTL plant. Due to this, credit was taken for export of 150 MW power in addition
to the liquid products in the IRR calculation. The IRR is significantly lower due {o
lower liquid yields and low value for the exported power when compared to other
technology routes.

10.3.6 Rentech

Rentech provided information only for the Fischer-Tropsch synthesis section and”
suggested Raytheon assume a POx unit for synthesis gas production. Reference
should be made to Section 8.2.3.1.4 for a summary of information provided by
Rentech for this project.

The foliowing is a summary of information sources for yield, utilities and
investment cost used in the RAYSPONSE™—GTL model for this case:

Page 10-19 - Baypheen
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Unit Yield Utilities Investment
' Pox RAYSPONSE™ RAYSPONSE™ | RAYSPONSE™
F-T Synthesis Rentech Rentech Rentech
Product Work-up | RAYSPONSE™ RAYSPOMSE™ | RAYSPONSE™
All Others RAYSPONSE™ RAYSPONSE™ | RAYSPONSE™
As explained in the Rentech “short term” case section (10.2.6) TIC and other
information for the whole GTL plant based on Rentech’'s F-T technology were
developed by running the RAYSPONSE™—GTL model. Figure 10.8 is the BFD
generated by Raytheon for a GTL plant based on Rentech’s F-T technology.
The RAYSPONSE™—GTL model estimated the following for this case:
Description No Lube L.ube
TIC, MM § - Gulf Coast 1268 1324
IRR, % 15.4 19.4 S
4
The following are the key reasons for the higher investment cost when compared
to that of Sasol technology:
-« POx requires additional oxygen.
« Multiple F-T reactors are required. The maximum single train capacity of
Rentech’s F-T reactor is 3000 -~ 3500 BPD.
10.3.7 PDVSA/Intevep
PDVSA/Intevep provided information on yield and investment data for the
Fischer-Tropsch synthesis section only for the "short term” case, and indicated
that the "long term” case will consist of three trains of F-T units.
Reference should be made to Section 8.2.3.2.4 for a summary of information
provided by PDVSA/Intevep for this project. The following is a summary of
information sources for yield, utilities and investment cost used in the
RAYSPONSE™—GTL model for this case:
.4
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X PDVSA

Unit Yield Utilities Investment
ATR RAYSPONSE™ RAYSPONSE™ RAYSPONSE™
F-1 Synthesis PDVSA/ntevep | PDVSA/Intevep | PDVSA/Intevep
Product Work-up | RAYSPONSE™ RAYSPONSE™ RAYSPONSE™
All Others RAYSPONSE™ RAYSPONSE™ RAYSPONSE™

The methodology used to develop cost information was identical to that
described in PDVSAVIntevep “short term” case section (10.2.7). The
RAYSPONSE™—GTL model was run to generate all the required information to
perform the economic analysis. Figure 10.9 is the BFD generated by Raytheon
for the GTL piant based on the PDVSA/Intevep F-T technology.

The RAYSPONSE™—GTL model estimatéd the following fof this case:

Description No Lube Lube
TIC, MM § - Guif Coast 997 1050
IRR, % 18.4 23.0

This case has the lowest cost GTL plant when compared with all the other
technology providers due to the low cost of the F-T unit. However, TICs required
for both PDVSA/Intevep and Sasol are about the same, since the difference seen
is well within the accuracy of the estimate. Also it should be noted that due 1o the
early stage of technology development, Intevep's F-T unit cost is considered soft
and may increase as the process develops farther.

The estimated IRRs are higher than those estimated for all the other technology
options. The primary reason for this is that the Intevep's yield data indicate iower
naphtha and a corresponding increase in kerosene and diesel range material.
Diesel being valued higher than naphtha, the revenue of the PDVSA/Intevep
case is improved appreciably, resulting in an increased IRR. '

Raythesn
Raytheon Engineers & Constructors
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10.2.8 Recommended Technology

A ranking of all the licensors based on technical and economical parameters is
provided in Section 8.3.8.

“Long Term” Project

Group A:  Exxon, Sasol
Group B:  Shell

Group C:  Rentech, Syntroleum

However, for the "long term” project, Raytheon recommend a re-evaluation of all
the available technologies in a few years due to the rapidly evolving nature of
GTL technologies and the emergence of new technologies in this field, such as
PDVSA/Intevep's DISOL. At the current state of the art, Sasol and Exxon
technologies show greater overall advantages over other technologies.

The Sasol case will be used i Seciion 10.4.3 to select a suitable site for
.recommendation, since complete and reliable information is not available for
Exxon's GTL technology. '
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