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ABSTRACT

Based on the huge financial commitments of the
Federal Government of Nigeria on many oil and
gas projects and the statutory duty of the
government to render diverse socio-economical
responsibilities to the people, it is worthy and
justified to evaluate the economic profitability of a
typical liquefied natural gas (LNG) project under
different fiscal regimes. The LNG project
considered here is Brass LNG and the fiscal
regimes are joint ventures (JVs) and production
sharing contracts (PSCs).

Since 2000, prices of natural gas in the North
American region have risen to an averaging value
of US$4.50/MMBtu, the heating value for natural
gas is 1.0 MBtu/scf, therefore, for the purpose of
this study, natural gas feedstock price of
US$4.50/Mscf is considered. Also, the least LNG
price projected by the Energy Information
Administration is about US$5.40/MMBtu. In this
work, the natural gas price and ranges of LNG
prices are used in evaluating economic indices
such as net present value, minimum cost-
effective LNG price, internal return rate (IRR),
profitability index, return on investment (ROI), and
R-factor.

For the Brass LNG plant, under JVs, the minimum
cost-effective  LNG price is estimated as
US$2.54/MMBtu. The IRR values for the
company, contractors and government at an LNG
price of US$5.40/MMBtu are found to be
191.68%, 191.68%, and 498.68%, respectively;
while the corresponding profitability index,
annualized ROI and R-factor for the company are
11.999, 191.70%, and 2.286, respectively.
However, under PSCs, the minimum cost-
effecive  LNG price is evaluated as
US$2.76/MMBtu. The IRR values for the
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company and contractors at an LNG price of
US$5.40/MMBtu are found to be 282.51 and
75.62%, respectively; while the IRR value for the
government has no limit. Also, the corresponding
profitability index, annualized ROl and R-factor for
the company are 17.683, 282.51%, and 2.352,
respectively. Hence, JVs is found to
accommodate relatively lower product sales price
compared to PSCs and it is also more favorable
to contractors than PSCs; however, PSCs are a
more favorable fiscal regime to the company
compared to JVs. Under PSCs, the project is
found to be highly beneficial to the government
irrespective of the discount rate.

(Keywords: economic profitability, liquefied natural gas,
joint ventures, production sharing contracts)

INTRODUCTION

The discovery of gas in Nigeria is as old as that of
oil, but not much attention has been directed at
this source of energy. As of 2001, Nigeria’s gas
reserves were estimated at 182 trillion cubic feet
(or 25 billion barrels of oil equivalent) which is
almost as high as the country’s estimated oil
reserves of 27 billion barrels. Appropriate
utilization of the abundant natural gas in Nigeria
would offer many benefits for the nation. The
benefits include (to mention a few) production of
dry gas for local consumption; production of
liquefied petroleum gas for export; production of
liquid hydrocarbons from natural gas; increased
availability of gas as a cheaper alternative source
of energy to boost commercial activities,
employment levels, and national income;
advancement of knowledge through research;
gas technology transfer and the development of
indigenous expertise in the Nigeria gas industry;
the use of natural gas in electricity generation;
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and promotion of environmental protection and
safety through the elimination of gas flaring
(OPEC Bulletin, 1997).

The plan to utilize these vast gas reserves
motivated the Federal Government through
NNPC to put in place some gas projects in
Nigeria. At the forefront of the gas industry is the
Nigeria Liquefied Natural Gas (NLNG) corporation
which was established in December 1989. Some
other gas companies are Nigeria Gas Company
(NGC) Limited, Shell Nigeria Gas (SNG) Limited,
West African Gas Pipeline (WAGP), Natural Gas
Liquid, Independent Power Products (IPPs), and
Compressed Natural Gas (CNG) projects. NNPC
also put in place to be executed within five years
from 2000 multiple plans for gas utilization
projects such as Esravos Gas-to-Liquids (EGTL),
and Brass Liquefied Natural Gas (Brass LNG)
which is aimed at producing 10 million tons/year
of LNG (and 2.5 million tons/year of associated
LPG with condensates).

Joint operating agreements leading to joint
ventures (JVs) are still dominant in the oil and gas
industry in Nigeria, presently accounting for over
90% of total oil and gas production in the country.
The joint venture arrangements has created an
enormous drain  on government resources
urgently needed to address other competing
economic and social issues and also has caused
delays in the implementation of major projects in
the oil sector when government funds have not
been available. In reaction, the government has
opted to award new petroleum exploration and
production licenses under Production Sharing
Contracts (PSCs).

Also, the emergence of offshore oil and gas
operations and the granting of deep water
acreages to the oil producing companies have
withessed a shift from JVs regimes to PSCs, with
implications for the operation and regulation of
the oil industry in Nigeria. A number of oil and gas
projects using the PSCs model are due to come
on stream soon and the successes recorded so
far in this area have encouraged the government
to consider extending PSCs arrangements to
other areas of the industry which had hitherto
operated under JVs.

It is, therefore, pertinent at this time to carry out
an assessment of the economic implications of
joint ventures and production sharing contracts
applications particularly on LNG technology in
Nigeria. This is with a view to evaluating the
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profitability of establishing and operating LNG
project (Brass LNG in particular) under JVs and
PSCs, on the sides of both the multinational oil
companies and the Nigerian National Petroleum
Corporation representing the interest of the
Federal Government of Nigeria.

LITERATURE REVIEW

Description of LNG Technoloqy

LNG is made up mainly of methane and less than
0.1mol% of pentane and heavier hydrocarbon
(Shukri, 2004). Gas coming from reservoirs is,
therefore, treated as follows:

(i) Acid gas removal, where acid gases are
removed to avoid CO, and H,S freezing in the
early stages of the liquefaction process.

(i) Dehydration to remove the water out of the
gas to avoid hydrates formation in pipelines and
vessels.

(i) Mercury removal, since the presence of
mercury causes corrosion problems in the
aluminum heat exchangers wused in the
liquefaction process.

The LNG technologies involve liquefaction,
shipping, and regasification and delivery into the
pipeline grid. When natural gas, mainly methane,
is cooled and liquefied through cryogenic
processes at a temperature of approximately -
260°F (-162°C), liquefied natural gas (LNG) is
formed. As a result of this, natural gas volume is
reduced to one six-hundredth (1/600), allowing its
transportation by specialized LNG tanker ships
over long distances. A typical LNG receiving
terminal includes storage tanks and regasification
processes. Rosetta (2005) has identified three
basic vaporizers: Submerged Combustion
Vaporizers (SCV), Open Rack Vaporizers (ORV)
and Ambient Air Vaporizers (AVV).

Brass LNG (BLNG) Project

In 2006, the four shareholders of Brass LNG
Limited signed the Shareholders' Agreement for
the Brass LNG Project. The shareholders are
Nigerian National Petroleum Corporation (NNPC)
49% Equity, ENI International 17% Equity, Phillips
(Brass) Limited (an affiliate of ConocoPhillips)
17% Equity, and Brass Holdings Company
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Limited (an affiliate of Total) 17% Equity
(Alexander's Oil and Gas Connections, 2007;
www.downstreamtoday.com; SPD Media Limited,
2008; www.hydrocarbon-technology.com). The
Shareholders' agreement regulates the manner in
which Brass LNG Limited will undertake the
project for the construction and operation of two
liquefied natural gas (LNG) trains at Brass in
Bayelsa state and the delivery of LNG to the
Atlantic Basin gas market.

The contract for the Front End Engineering
Design (FEED) for the project was awarded to
Bechtel Corporation; a San Francisco, CA, USA
based engineering company, in November 2004.
The award of the FEED contract has put the
project on track towards completion by the
second half of 2009 (www.gulfoilandgas.com),
through optimizing FEED designs, preparing the
scopes of work for the award of Engineering
Procurement and Construction (EPC) contracts
and pre-qualifying contractors for the EPC
activities.

The Brass LNG facility, being built on Brass
Island in Nigeria's Bayelsa state, will initially
consist of two trains with a combined capacity of
10m t/y to be on stream in 2011. The plant will
also produce 2.5m tly of LPG and some
condensates with facilities for liquefied butane
and propane extraction, segregation, and
treatment; two 185,000 m® LNG storage tanks;
two 110,000 m® LPG storage tanks; one 500,000-
barrel capacity NGL tank; marine facilities for the
products export; and accommodation for plant
operators.

Brass LNG products will be loaded onto vessels
by cryogenic pipelines and then transported to
terminal facilities in the Atlantic Basin. The natural
gas will then be transported to the United States
and Mexico. The project is expected to produce
10 million tons of liquefied natural gas per year
during its 20-year lifetime. Bechtel Corp. is the
project manager of the plant site. The project
costs an estimated US$8.5 hillion.

Revenue Flow for JVs and PSCs

The revenue flow for Joint Operating Agreements
(JOASs) is shown in Figure 1, while Figure 2
shows the revenue flow for the production sharing
contracts.
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METHODOLOGY

Production Parameters Used for the Research

The production parameters used for the research
are stated as follows:

(i) Twenty (20) years of plant life,

(ii) Fifteen percent (15%) interest/discount rate on
project,

(iii) Plant operation at 330 days per year for both
Brass LNG project,

(iv) OPEX, feedstock cost and annual revenue
are assumed to be distributed equally over the
entire life of the plants,

(v) All cash flows occur at the end of year,

(vi) Bonuses paid by the oil companies upon
successful bids are not considered in computing
net cash flow to the government,

(vii) Under Joint Ventures, 12.5% royalty on gross
revenue and 30% tax on gross income (i.e., profit)
are considered,

(viii) Under PSCs, 10% royalty on cost oil, 50%
government’s share and 50% contractor's share
of profit oil, and 50% income tax on contractors’
share,

(ix) A CAPEX of US$8.5 bhillion for Brass LNG

project is distributed equally over the four year
construction period.

Economic Modeling of Fiscal Regimes

To evaluate the economic indices for the projects,
annual gross revenues are generated as a
function of product sale price. Also, royalties, cost
functions and income tax are considered before
obtaining the undiscounted cash flows for the
companies, contractors and government. Net
present value (NPV) analysis is then carried out
to determine the minimum cost-effective product
sale price and the corresponding economic
indices. Also, economic indices at a particular
product sale price are evaluated.

Volume 11. Number 1. May 2010 (Spring)


http://www.downstreamtoday.com/
http://www.hydrocarbon-technology.com/

L

[

Net Revenue

Royalty

P

OPEX + Feedstock Cost

Gross Income

P

Undiscounted Net Cash Flow

Contractor’s Share Government’s Share

Tax

Total Government’ Share

Figure 1. Joint Operating Agreements (JOAs) Revenue Flow.
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Figure 2: Production Sharing Contracts (PSCs) Revenue Flow.

Joint Ventures Economic Model Objective
Functions for JVs: The assumption here is that
the investor maximizes the net present value of
cash flows from the plant during its operating life,
where the net cash flow for the plant is defined
as:

ncf (pc) = Z:{revenue( pc, yr) —royalty( pc, yr) — opex(pc, yr)
+ | — fdstockcost(pc, yr) —incometax(pc, yr)

where revenud pc, yr)is the gross revenue for

a given plant size pc during year yr, here, it is
assumed to be uniformly distributed throughout
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the life of the plant, royalty(pc, yr)is the 12.5%
royalty paid to the government by the company
for a given plant size pc during year yr,
opex(pc, yr) is the annual operating expenditure
for a given plant size pc during year yr,
fdstockcost(pc, yr) is the cost of the natural
gas feedstock needed by the plant for a given
plant size pc during year yr, and
incometax(pc, yr) is 30% tax on gross income

for a given plant size pc during year yr.

The contractors’ share of the plant net cash flow
is defined as:
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contractstare( pc) = Z[revenue( pc, yr) — royalty( pc, yr) — opex(pc, yr)}  contractinv(pc)
yr

— fdstockcost(pc, yr) —incometax(pc, yr) capex(pc)
where contractinv(pc) is the contractor's The government’s share of the plant net cash flow
is defined as:

investment/equity in the plant and capex(pc) is
the capital expenditure (i.e., initial investment).

govtshare pc) = Z{revenue( pc, yr) — royalty( pc, yr) — opex(pc, yr)} _ govtiny(pc)

| — fdstockcost(pc, yr) —incometax(pc, yr) capex(pc)

where govtinfpc) is the government's The net cash flow to the state during the life of the
investment (i.e., state’s equity) in the plant. plant ncfgovt(pc)includes passive revenue from

royalty and taxes, and revenue from the state’s
equity in the plant and is given as:

nefeovi(pe) = E[myaftﬂ b, yr)+incometax(pe, yr) + govtshard po }]
»mn

The net present value of cash flow for the plant is
defined as:

npv(pe) =73

{"reveﬂue(pc.yr} — rayalty( pe,yr) —opex(po, yr)
o

* digofactor | — capex( po
\— fdstockcost(pe. yr) — incometax(pe. yr) | 4 } petpe)

discactor = 1 the present value of future cash flow is
where (+diserate ¥ g the discount factor determined. The net present value of cash flow

and discrate is the discount rate at which for the contractors is defined as:

((revenue( pc, yr) — royalty( pc, yr) — opex(pc, yr)j , contractinv(pc) J
contractnpv(pc) = Z — fdstockcost(pc, yr) —incometax(pc, yr) capex(pc)
" | * discfactor
— contractinv(pc)

The net present value of cash flow for the state is
defined as:
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capex(pc)

revenug pc, yr) — royalty(pc, yr) —opex(pc, yr)J . govtiny(pc) j

govtnpVpc) = Z ((— fdstockcost(pc, yr) —incometax(pc, yr)

* discfactor

— govtin\ pc)

JVs Economic Indices Estimation: The
minimum cost-effective product sale price for the

plant is obtained by solving npv(pc) for a range
of product sale price, and considering the price at
which npv(pc) ~ 0. However, the internal return
rate for the plant at a particular product sale price
is obtained by solving npv(pc) for a range of
discount rate, and considering the discount rate at
which npv(pc) = 0.

The other economic indices for the plant during
the life of the plant are estimated as:

profindexX pc) = pv_fu_tL_J re_cf( Pc)
pvinitialnv(pc)

_ pvfuturecf(pc)
capex(pc)

where profindeX pc) is the profitability index,
pvfuturecf(pc) is the present value of future

cumrecpt(pc, yr)

cash flow and pvinitialnv(pc) is the present
value of initial investment.

annualized— roi(pc, yr) = invprof(pc, yr)
invcost(pc)

:(invprof(pc, yr)J

capex(pc)

where annualized— roi(pc, yr) is the return on

investment for a given plant size pc during year
yr, also called annualized rate of return,

invprof(pc, yr) is the profit on investment for a
given plant size pc during year yr.

Care must be taken not to confuse annual and
annualized returns. An annual return on
investment is a single-period return, while an
annualized return on investment is a multi-period,
geometric average return; it is uniformly
distributed throughout the life of the plant.

r — fact(pc) = [

cumexpd(pc, yr)

- accrtotalexpd(pc, yr)

j_( accrneteam(pc, yr) J

(revenue(pe, yr)— rovalty( pe, yr))

r— Jact(pc) =| —

where r— fact(pc) is r-factor, it is initially zero
during exploration when there is no product sale
and gradually grows with time. An r-factor less
than 1 means costs have not been fully recovered
yet; total expenditures exceed total receipts.
Here, earnings and expenditures are assumed to
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| capex( pe,yr) +opex(pe, yF)
+ fistockcost(pe., yr)

be uniformly distributed throughout the life of the
plant. cumrecpt(pc, yr) and cumexp(pc, yr)
are the cumulative receipts and cumulative

expenditure respectively for a given plant size pc
during year yr.
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Also, accrneteam(pc, yr) and Production Sharing Contracts Economic
accrtotalexpd(pc, yr) are the accrued net Model Objective Functions for PSCs

earnings and the accrued total expenditures Also, the assumption here is that the investor
respectively for a given plant size pc during year maximizes the net present value of cash flows
yr. from the plant during its operating life, where the

net cash flow for the plant is defined as:

nof(pe)=>3" [re?vemue?{pc.yr) — royalty(pe, yr)— co:‘;f@zf(pc.yr}]

sy

o
where revenug pc,yr) and royalty(pc, yr) reimburse the contractor(s) for capital investment,
retain their usual meanings and costoil(pc, yr) operating expenditure and feedstock cost.
is the allocation of oil (in this case, gas) to Income tax on contractors’ share of the plant net

cash flow is defined as:

taxoncontractshara(pe) =" [(revenua(pe, yr)— royalt pe. yr) — costoil(pe. yr))* 0.5]%0.5
e
=>" [(revenue pe. yr) - royalty(pe, yr)— costoil(pe, yr))* 0.25]
»m

The contractors’ after-tax share of the plant net cash
flow is defined as:

contractafertaxshar(pc)=">" [(revenue( pe. yr) — royalt pe, yr) — costoil(pe, yr)) * 0.5]% 0.5
Jr
= E[{revenug(pc,yr)— royalty(pe, yr)— costoil(pe, yr))#0.25]

»

The total cash flow to the contractors during the life of  contractors’ after-tax share of the plant net cash flow
the plant tcfcontradt(pc) includes cost oil and  andis given as:

tefeontrad (pe) = E[Cﬂsmﬁ (pe. yr) +contractafertaxshar(pe, yr)|
»

However, the actual cash flow for contractors during  annum and contractors’ after-tax share of the plant net
the life of the plant acfcontrad(pc) is the  cashflow and is given as:
summation of capital expenditure recovered per

acjcontrad(pe) = S [r:ap experannuml po, yr)+ contractafertaxshae( pe, yr}“
»r

where capexperannun(pc, yr) is capital be distributed equally over the twenty-year production
expenditure recovered per annum and is assumed to period.
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The government’s share of the plant net cash flow is
defined as:

govishare( pe) = S[revenue{pc.yr) — royaity(pe, yr) — costoil( pe, yr) |+ 0.5
Fr

The net cash flow to the government during the life of  royalty and taxes, and government’s share of the plant
the plant ncfgovt(pc) includes passive revenue from  NCF and is given as:

nefoavi(pe) = S[myaﬁrﬂ po, v )+ taxoncontractshard pe, yr) + govishara pe, yr}]
pr

The net present value of cash flows for the plant is
defined as:

npv(pc) = E[(revenue{pc.yr} — royalty(peo, yr)— costoil(pc, yr))* cfiscfacfw]— capex( pc)

»n

where discfactor retains its usual meaning. The net present value of actual cash flows for the contractors
is defined as:

contactnpw pe) = S [{cap experannum(pe, yr) + contractaffertaxshar(pe, yr))* ciiscfacmr]

—capex( pc)

The net present value of cash flows for the
government is defined as:

govinpv(pe) = 2 [{ rovalty(pe, yr) +taxoncontmctshare pe, yr)+ govtshare(pe, yr) ) * discfacfm]
M

PSCs Economic Indices Estimation estimated at US$0.50 /MMBtu and regasification

cost is estimated at US$0.30/MMBtu; i.e., a total of
The minimum cost-effective product sale price for US$1.80/MMBtu (Rahman, 2008). Hence, for
the plant, the internal return rate for the plant at a Brass LNG, an OPEX of US$1.80/MMBtu is

particular product sale price, the profitability considered. The thermal efficiency is such that the
index, return on investment and r-factor for PSCs heating value of natural gas is 1MBtu/scf and the
are estimated as earlier indicated for JVs. heating value of LNG is 5.7 MMBtu/bbl which is

approximately 1,015Btu/scf (Patel, 2005). Density
of LNG = 2.65 Ib/cuft; hence, volume of 10 million

RESULTS AND DISCUSSION tons/yr of the Brass LNG
- 6 3 Ib cuft bbl

Economic Indices Evaluation For Brass LNG 10x10°x10 k9(0_45kg 5 65b | 5.616cuft I'yr

Project

Brass LNG Capital Expenditure: CAPEX per =1,493454,004bbl/ yr

annum for Brass LNG is US$425,000,000/yr.
=1,493454,004bbl/ yr x5.7MMBtu/bbl
Brass LNG Annual Operating Expenditure:

Operating cost (excluding depreciation and =8,512,687,823MMBtu/ yr and the OPEX
feedstock cost) of the liquefaction plant counts for T ’

nearly US$1.00/Mscf, while shipping cost is
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=8,512,687,823MMBtu/ yr x
US$1.80/ MMBtu

= US$15,322,838,080/ yr.

Brass LNG Feedstock Cost Analysis Natural
Gas Feedstock Price: Since the year 2000,
prices of natural gas in the North American region
have risen to an averaging value of
US$4.50/MMBtu (Patel, 2005); the average price
for the previous five years was $2.25/MMbtu. The
heating value for natural gas is 1.0 MBtu/scf
(Patel, 2005); hence, natural gas price is
US$4.50/Mscf. Therefore, for the purpose of this
study, natural gas feedstock price of
US$4.50/Mscf is considered.

Brass LNG Feedstock Cost: Approximately 19
billion scf/d of natural gas monetization will be
required to produce 140 MM tons/year of LNG
(Patel, 2005). Hence, the Brass LNG will require
about 1,357,142,857 scf/d of natural gas
feedstock to produce 10 MM tons/year of LNG
and about 2.5 MM tons/year of associated LPG
and condensates. The quantity of feedstock to be
used over the period of 330 days/year is
447,857,472.8 M scflyr. Hence, the cost of
feedstock to be used over the production period
will be,

447.857,472.8Mscf / yr xUS$4.5/ Mscf
= US$2,015358628/ yr.

Brass LNG Products Cost Analysis LNG
Products Sales Prices: From the historical and
projected LNG prices in the United States, by the
Energy Information Administration - EIA
(Artunduaga, 2007 and Alleyne, 2008), the least
LNG price projected is about US$5.40/MMBtu.

Nevertheless, in this project work, different prices
of LNG within the range of US$1.00/MMBtu to
US$6.00/MMBtu are analyzed to know the
minimum cost-effective LNG price i.e., at NPV =
0. As at 2005, the average product price for LPG
and condensates was US$12.00/bbl (Adegoke et
al., 2005). However, of recent, the LPG price is
US$180/ton (Rahman, 2008).

Brass LNG Annual Gross Revenue: The annual
gross revenue is generated based on LNG per
MMBtu and the average product price for LPG.
The annual gross revenue is assumed to be
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uniformly distributed throughout the life of the
plant. The product breakdown for the Brass LNG
project is as follows: 10 million tons/yr of LNG and
2.5 million tons/yr of LPG/condensates. Hence,

annual gross revenue = LNGrevenue
+ LPGrevenue.

(i) Density of LNG = 2.65 Ib/cu ft, hence, volume
of 10 million tons/yr of LNG is estimated as

10x10° x10°kg| —° [C“ft ]/yr:
0.45kg )\ 2.65lb

8,385,744,235cuft/ yr =1,493454,004bbl/ yr.

The heating value is then evaluated as:
1,493 454,004bbl/ yr x5.7MMBtu / bbl

=8,512687,823MMBtu/yr and the annual

gross revenue
= 8,512,687,823MMBtu / yr x LNGprice / MMBtu .

(i) LPG consists mainly of liquid propane of
density 500 - 510 kg/m3 and liquid butane of
density 570 - 580 kg/m®. However, in this
research project work, densities of liquid propane
and liquid butane are considered as 500 kg/m®
and 570 kg/m® respectively. Assuming 50% by
weight (or mass) of both liquid propane and liquid
butane, the average density of LPG is evaluated
as 535 kg/m?’. Then the annual LPG volume is

2.50x10° x10°kg / yr _
535kg/m?®

4,672,897.20m* / yr x ig
0.159m

=29,389,290.57bbl/ yr .

estimated as

Using the current LPG price of US$180/ton
(Rahman, 2008), the revenue from LPG could be

estimated as 2.5x10°tons/yrxUS$180/ton
=US$450,000,000/ yr. Hence, annual gross

revenue =
[8,512,687,823MMBtu/ yr x LNGpriceperMMBtu ]

+US$450,000,000/ yr .

For example, at LNG price of US$1.0/MMBtu,
annual gross revenue from Brass LNG =

[8.512,687.8230401Bt/ yr < US$1.0/ MAIBL
+ [J5$450,000,000/ yr =
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US$8,512,687,823/ yr +
US$450,000,000/ yr =
US$8,962,687,823/ yr .

Annual gross revenues generated at other LNG
prices of US$2.00/MMBtu to US$6.00/MMBtu are
estimated accordingly to know the minimum cost-
effective LNG price i.e., at NPV ~ 0.

Brass LNG Cost Oil under PSCs: The cost oll
per annum of Brass LNG project under PSCs is
estimated as:

CostOilperAnnum = CAPEXperAnnum +
AnnualOPEX + AnnualFeedstockCost

Cost Oil per Annum

+2,015358,628
=US$17,763196,710/ yr.

[425,000,000 +15,322,838,080j/ yr

ECONOMIC PROFITABILITY ANALYSIS OF
BRASS LNG PROJECT

Brass LNG Profitability Under Joint Ventures

NPV Profit Analysis for Determining Minimum
Cost-Effective LNG Price for Brass LNG
Project under JVs at 15% Discount Rate: Excel
spreadsheet is used to calculate Net Present
Value profits for the Brass LNG project under JVs
at 15% interest rate on loan for investment and at
different prices of LNG within the range of
US$1.00/MMBtu to US$6.00/MMBtu to determine
the minimum cost-effective LNG price (i.e., at
NPV = 0); this is shown in tabular and graphical
forms in Table 1 and Figure 3.

Here, the minimum cost-effective LNG price (at
NPV =~ 0) for the company and contractors is
chosen as the minimum cost-effective LNG price
for the Brass LNG project under joint ventures.
The iterated value of the minimum cost-effective
LNG price at 15% discount rate is evaluated as
US$2.54/MMBtu.

Table 1: Variation of NPV with LNG Price for Brass LNG Project under JVs at Natural Gas Price of
US$4.5/Mscf and 15% Discount Rate.

LNG Price

(US$/MMBtu) Lt -

3.0 4.0 5.0 6.0

Annual Gross

Revenue (US$1.000) | 396268782

17,475,375.65

25,988,063.47

34,500,751.29 43,013,439.12 51,526,126.94

NPV for Company

(US$1,000) -50,106,348.48

-15,302,847.05

15,166,226.71

47,802,514.28

80,438,801.84 112,975,089.40

NPV for Contractors

(US$1,000) -25,554,237.71

-8,909,731.05

7,734,775.59

24,379,282.23 41,023,788.96 57,668,295.64

NPV for Government

(US$1,000) -35,370,723.49

1,268,379.48

37,907,607.64

74,546,835.74 | 111,186,063.96 | 147,825,292.08

160,000,000.00

140,000,000.00 ~
120,000,000.00 ~
100,000,000.00 ~
80,000,000.00 -

—O— NPV for Company

—O— NPV for Contractors
—A— NPV for Government

60,000,000.00 -
40,000,000.00
20,000,000.00 -

0.00
-20,000,000.00 6{5
-40,000,000.00
-60,000,000.00

Net Present Value
(US$1,000)

-80,000,000.00

LNG Price (US$/MMBtu)
Figure 3: Brass LNG NPV versus LNG Price (at US$4.50/Mscf Natural Gas Feedstock Price under JVs.
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NPV Profit Analysis for Determining Internal
Return Rates for Brass LNG Project under JVs
at 15% Discount Rate and LNG Price of
US$5.40/MMBtu: To determine the IRR values
for the company, contractors and government
under JVs at LNG price of S$5.40/MMBtu, NPV
profits analysis at different discount rates within
the range of 100% to 600% is carried out. This is
shown in tabular and graphical forms in Table 2
and Figure 4, from which the IRR values (i.e., at

NPV = 0) are determined. The iterated IRR
values for the company, contractors and
government are 191.68%, 191.68%, and

498.68%, respectively.

Evaluation of Brass LNG Net Present Value,
Profitability Index, Return on Investment and
R-Factor at LNG Price of US$5.40/MMBtu and
Discount Rate of 15% under JVs: The net
present value of future cash flow at LNG price of

US$5.40/MMBtu is estimated, at the discount rate
of 15%, as US$93,493,316,910 (Table 3).

N PVofFutureCashFlow
Profitability Index = — =
PVoflInitialInvestment
US$101993316,910 ~11.999

US$8,500,000,000

The return on investment is estimated as:

_ Profitoninvestment

RO
Costoflnvestment
AnnualizedROl = US$16,294,602,280 _
US$8,500,000,000

1.917 or 191.70%

Table 2: Variation of NPV with Discount Rate for Brass LNG Project under JVs at Natural Gas Price
of US$4.5/Mscf and LNG price of US$5.4/MMBtu.

Discount Rate (%) 100 200

300 400 500 600

Annual Gross Revenue

(US81.000) 46,418,514.24

46,418,514.24

46,418,514.24

46,418,514.24

46,418,514.24 | 46,418,514.24

NPV for Company

(US$1,000) 7,794,586.73

-352,698.84

-3,068,465.92

-4,426,349.44

-5,241,079.54 -5,784,232.95

NPV for Contractors

(US$1,000) 3,975,239.23

-180,298.62

-1,564,917.61

-2,257,438.21 -2,672,950.56 -2,949,958.80

NPV for Government 6,220,035.19

(US$1,000) 16,605,050.57

2,758,356.79

1,027,517.57

-10,985.93 -703,321.61

18,000,000.00

15,000,000.00

12,000,000.00

9,000,000.00

6,000,000.00

3,000,000.00

Net Present Value
(US$1,000)

—o— NPV for Company
—O— NPV for Contractors
—24— NPV for Government

0.00 T T
100 150

(=]

-3,000,000.00 2
-6,000,000.00 -

-9,000,000.00

Figure 4: NPV versus Discount Rate for Brass LNG Plant, Contractors and Government under JVs at LNG

Discount Rate r (%)

Price of US$5.40/MMBtu.
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Hence, the 20-year ROI = 38.340 or 3,834.00%
and, R-factor is evaluated as:

AccruedNetEarning
R— factor=
AccruedTotal Expenditure
AccruedNet Revenue

(CAPEX +OPEX + FeedstockThst)

AnnualGrossRevenue — Royalty
(CAPEX +OPEX + FeedstockChst)

155$40,616.199 960
R— factor= : . = 2.286
175$17.763.196.710

BRASS LNG PROFITABILITY UNDER
PRODUCTION SHARING CONTRACTS

NPV Profit Analysis for Determining Minimum
Cost-Effective LNG Price for Brass LNG under
PSCs at 15% Discount Rate: Also, NPV profit
analysis is done for the Brass LNG project under
PSCs at 15% discount and at different prices of
LNG within the range of US$1.00/MMBtu to
US$6.00/MMBtu to determine the minimum cost-
effective LNG price i.e.,, at NPV =~ 0. This is
shown in tabular and graphical forms in Table 4
and Figure 5. Here, the minimum cost-effective
LNG price for the contractors is chosen as the
minimum cost-effective LNG price for the Brass
LNG project under production sharing contracts.
The iterated value of the minimum cost-effective
LNG price at 15% discount rate s
US$2.76/MMBtu.

NPV Profit Analysis for Determining Internal
Return Rates for Brass LNG Project under
PSCs at 15% Discount Rate and LNG Price of
US$5.40/MMBtu: To determine the
corresponding IRR values for the Brass LNG
project under PSCs at LNG price of
S$5.40/MMBtu, another NPV profit analysis is
carried out at different discount rates within the
range of 50% to 600%. This is shown in tabular
and graphical forms in Table 5 and figure 6, from
which the IRR values (i.e., at NPV =~ 0) are
determined.

The Pacific Journal of Science and Technology
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The iterated values of IRR for the company and
contractors are  28251% and 75.62%
respectively; also, the project is highly beneficial
to the government irrespective of the discount
rate, (i.e., the IRR for government has no limit).

Evaluation of Brass LNG Net Present Value,
Profitability Index, Return on Investment and
R- Factor at LNG Price of US$5.40/MMBtu
under PSCs: The net present value of future
cash flow at LNG price of S$5.40/MMBtu is
estimated, at the discount rate of 15%, as
US$141,808,244,220 (see Table 6).

o PVofFutureCashFlow
Profitability Index = — =
PVoflInitialInvestment
US$150,308,244,220
=17.683

US$8,500,000,000
The return on investment is estimated as:

_ Profitoninvestment

ROI =
Costoflnvestment
AnnualizeRol = U5$24.013466110
US$8,500,000,000

2.8251 or 282.51%

Hence, the 20-year ROI = 56.502 or 5,650.20%
and, R-factor is evaluated as:

AccruedNetEarning
R— factor=
AccruedTotal Expenditure
AceruedNet Revenue

(TAPEX +OPEX + FeedstockChst)

AnnualGross Revenue — Royalty
(CAPEX +OPEX + FeedstockChst)

U5$41,776,662,820

R— factor= . i
[75$17,763.196,710

= 2.352

Volume 11. Number 1. May 2010 (Spring)
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Table 4: Variation of NPV with LNG Price for Brass LNG Project under PSCs at Natural
Gas Price of US$4.5/Mscf and 15% Discount Rate.

LNG Price
(US$/MMBtu) 1.0 20 3.0 4.0 5.0 6.0
A""“a(b%rgf%&f)"e””e 806268782 | 1747537565 | 2598806347 | 3450075120 | 4301343912 | 51,526,126.94
NP\(/U@;%?&”V 60,195,345.63 | -21,239,984.25 | 26,715377.00 | 7467073833 | 122,626,099.73 | 170,581,461.05
NPV({j’Srffggg)cmrs 2101362053 | -9,024780.13 | 2,964,060.09 | 14,952,900.39 | 2694174077 | 38930,581.09
NPV(ngf‘(’J%g‘)mem 3001146589 | 1,383428.68 | 42,678323.10 | 8397321757 | 125268112.07 | 166,563,006.54

190,000,000.00
170,000,000.00
150,000,000.00
130,000,000.00
110,000,000.00
90,000,000.00
70,000,000.00
50,000,000.00 A
30,000,000.00 A
10,000,000.00 A
-10,000,000.00 -
-30,000,000.000-5
-50,000,000.00 -
-70,000,000.00 -
-90,000,000.00

—o— NPV for Company
—O0— NPV for Contractors

—2A— NPV for Government

Net Present Value
(US$1,000)

LNG Price (US$/MMBtu)
Figure 5: Brass LNG NPB versus LNG Price (at US$4.5/Mscf natural gas feedstock price) under PSCs.

Table 5: Variation of NPV with Discount Rate for Brass LNG Project under PSCs at Natural Gas Price of
US$4.5/Mscf and LNG Price of US$5.4/MMBtu.

N 50 100 200 300 400 500 600
Annual Gross
Revenue 46,418,514.24 | 46,418514.24 | 46,418,514.24 | 46,418514.24 | 46,418,514.24 | 46,418514.24 | 46,418,514.24
(US$1,000)
NP\(’Jgfsfgg“(%a”y 39,512,489.14 | 15,513,443.19 | 3506,733.04 | -495511.30 | -2,496,633.50 | -3,697,306.79 | -4,497,755.65
NPV for
Contractors 4,352,866.66 | -2,071,630.62 | -5285816.75 | -6,357,211.16 | -6,892,908.37 | -7,214,326.70 | -7,428,605.58
(US$1,000)
NPV for
Government 45,200,277.84 | 22,651,929.39 | 11,325,975.49 | 7,550,650.32 | 5662,987.74 | 4,530,390.21 | 3,775325.15
(US$1,000)
The Pacific Journal of Science and Technology —96—
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47,000,000.00
43,000,000.00 -
39,000,000.00 -
35,000,000.00 -
31,000,000.00 -
27,000,000.00 -
23,000,000.00 -
19,000,000.00 -
15,000,000.00 -
11,000,000.00 -

7,000,000.00 -

3,000,000.00 -

Net Present Value
(US$1,000)

—o— NPV for Company
—0— NPV for Contractors
—a— NPV for Government

-1,000,000.00 - T T T
-5,000,000.00 50 100

250 300 350 400 4 0 6

o

-9,000,000.00

Figure 6: NPV versus Discount Rate for Brass LNG Plant, Contractors, and Government under PCSs at LNG

Discount Rate, r (%)

Price of US$5.40/MMBtu.

COMPARISON OF BRASS LNG ECONOMIC
PROFITABILTY INDICES UNDER JOINT
VENTURES AND PRODUCTION SHARING
CONTRACTS

As shown in Table 7, the minimum cost-effective
LNG prices for Brass LNG project under JVs and
PSCs are US$2.54/MMBtu and US$2.76/MMBtu
respectively. This shows that JVs can still
accommodate relatively lower product sales price
compared to PSCs. Also, at LNG price of
US$5.40/MMBtu, the IRR values for the
company, contractors and government under JVs
are 191.68%, 191.68% and 498.68%
respectively. However, at the same price, the
IRRs for the company and contractors under
PSCs are 282.51% and 75.62% respectively
while IRR for government has no limit. This
shows that JVs is more favorable to the
contractors than PSCs, but under PSCs, the
project is highly beneficial to the government
irrespective of the discount rate.

At LNG sales price of US$5.40/MMBtu, the
profitability — index, annualized return on
investment and R-factor under PSCs are 17.683,
282.51% and 2.352, respectively; these are
observed to be higher than the corresponding
values of 11.999, 191.70% and 2.286 under JVs.

The Pacific Journal of Science and Technology
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This shows that, for Brass LNG project, PSCs is a
more favorable fiscal regime compared to JVs.
CONCLUSION

Under joint ventures, for Brass LNG plant, the
minimum cost-effective LNG price is estimated as
US$2.54/MMBtu. The IRR values for the
company, contractors and government at an LNG
price of US$5.40/MMBtu are found to be
191.68%, 191.68% and 498.68% respectively;
while the corresponding profitability index,
annualized ROl and R-factor for the company are

11.999, 191.70% and 2.286 respectively.
However, under PSCs, the minimum cost-
effective LNG price is evaluated as

US$2.76/MMBtu.

The IRR values for the company and contractors
at an LNG price of US$5.40/MMBtu are found to
be 282.51 and 75.62% respectively; while the IRR
value for the government has no limit. The
corresponding profitability index, annualized ROI
and R-factor for the company are 17.683,
282.51% and 2.352 respectively. Hence, JVs is
found to accommodate relatively lower product
sales price compared to PSCs and it is also more
favorable to contractors than PSCs (though PSCs
is more beneficial to the company than JVs); but

Volume 11. Number 1. May 2010 (Spring)
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Table 7: Comparison of Brass LNG Economic Profitability Indices under JVs and PSCs.

Brass LNG Project

Joint Ventures

Production Sharing Contracts

At Minimum Cost-Effective LNG
Price of US$2.54/MMBtu

At LNG Price of USS$5.40/MMBtu

At Minimum Cost-Effective LNG ALLNG Price of US$5.40/MMBtu

Internal Return Rate (IRR)

Internal Return Rate (IRR)

Price of US$2.76/MMBtu
Internal Return Rate (IRR) Internal Return Rate (IRR)

Internal
Return
Rate

Company: 15.32% Internal | Company: 191.68%
Contractors: 15.32% Return | Contractors: 191.68%
Government: 96.73% Rate Government: 498.68%

Internal| Company: 44.52% Internal| Company: 282.51%
Return | Contractors: 15.18% Return | Contractors: 75.62%
Rate Government: No Limit Rate Government: No Limit

Profitability Index = 1.018

Profitability Index = 11.999

Profitability Index = 2.789 Profitability Index = 17.683

Annualized ROl = 0.1626 or 16.26%,
20-Year ROI = 3.2529 or 325.29%

Annualized ROl = 1.917 or 191.70%
20-Year ROl = 38.34 or 3,834.00%

Annualized ROI = 0.4456 or 44.56%
20-Year ROl = 8.912 or 891.20%

R-factor = 1.087

R-factor = 2.286

R-factor = 1.213 R-factor = 2.352
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