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Abstract
Nigeria’s gas reserves in remote area such as swamps and offshore, can be exploited to boost the
country’s economy via gas utilization options. Designing pipelines to transport the gas from these remote
areas, to consumers or process facility can increase capital and operating expenditures. In this paper, a
small mobile gas utilization option (Gas-To-Liquid (GTL)), mounted on barge was investigated. Three
approaches were implemented: development of cash flow, determination of economic indicators, and
sensitivity analysis (deterministic and stochastic) base on gas price dynamics. Three products from GTL
plant (Diesel, Naphtha, and Kerosene) and their local prices were used for the analysis. Results obtained
shows that, for a small GTL plant with 75 MMScfd capacity, gas price: $3/MScf, capital and operating
expenditures: $350 million and $3/bbl, and 15% discount rate, a Net Present Value (NPV) of $165.85MM,
Internal Rate of Return of 28.72%, Payout time of 3.32 years were obtained. These values show that the
project is viable. The deterministic sensitivity analysis shows that the maximum price of wellhead gas is
$4.45/MScf, above this price, the cash flow starts generating negative NPVs, indicating loss. The
stochastic simulation was done using @RISK software, and it shows that gas price and CAPEX, pose more
risk, while OPEX and income tax has the least risk on the investment. Small GTL plant mounted on barges
can be a viable option for utilizing marginal and stranded gas in offshore and remote environment in
Nigeria, but investors must pay more attention to feed gas price and CAPEX.

Key words: Gas-to-Liquid, Marginal gas field, Stranded gas filed, Profitability indicators, Excel
spreadsheet model, Barge, Monetization options, @RISK, Monte Carlo, Simulation
1. Introduction
Natural gas has been proven (over time) to
be a cleaner fuel, when combusted, and with its
abundance reserve, the drive to monetize it has
taken the front burner of research and technology
worldwide. There has been different process in
which natural gas can be monetize; this include:
conversion to Liquefied Natural Gas (LNG),
Liquefied Petroleum Gas (LPG), Natural Gas
Liquid (NGL), and liquid products (such as
Gasoline, Kerosene, Diesel, Naphtha etc) via GasTo-Liquid Process. The processes above can utilize
either Associated Gas (AG) or Non-Associated Gas
(NAG) as the gas feed stock for the conversion
process.
Some of the AG and NAG are stranded gas
in remote areas, making it difficult to access the
natural gas for processing. Most of the stranded
natural gas are supplied to processing facility via

pipeline distributions; others are processed on site
and then transported to consumers via pipeline
networks. Both options increase Capital
Expenditure (CAPEX) and Operating Expenditure
(OPEX), which will definitely have negative
impact on the revenue. On the other hand, some of
the AG and NAG are discovered as marginal fields.
Most of these fields are abandoned or sold to
marginal field operators, by Multinational Oil and
Gas Companies. This is because from economic
standpoint, the size of the field and the dynamic
nature of oil and gas prices, the revenue generated
will not be able to pay out the cost of producing the
resources (DPR Report, 2015).
The above setbacks of utilizing stranded
natural gas, has pave the way for the search of
alternative methods. One of these methods is the
design of natural gas processing facility on barges
that can access this gas in offshore environment and
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swamps. The natural gas processing facility will
receive natural gas from the marginal field at close
proximity, process it and then take the products
closer to the consumers in the most economic
benefit. This is the focal point of this paper.
This paper seeks to analyze the technology
and economics of Gas-To-Liquid Process mounted
on barge. This technology of monetizing natural
gas has gain widespread acceptance, since its
products are cleaner than the products from
conventional crude oil distillation when burn. GasTo-Liquid utilizes natural gas as throughput, of
which Nigeria has over 181 Tcf of natural gas as
reserves (Central Intelligence Agency (CIA) World
Fact Book, 2014). Citing this GTL mounted on
barge in Nigeria, will no doubt, enable access to
some of the stranded natural gas in remote areas in
Nigeria, and will enable huge benefit on the
consumer’s side.
Ubani and Ani (2016) stated that over the
years, natural gas reserves, productions and
utilization in Nigeria has increase minimally. Using
data from BP Statistical Review of World Energy
2015, they found out that Nigeria is number one in
natural gas reserves and number three in production
in Africa, but consumption of natural gas in Nigeria
is minimal. This is because most of the gas produce
from 1970 to 2000 where been flared with attendant
effect of environmental pollution. Gas flaring
activities reduce gradually from 2000 to date, due
to Federal Government policy on natural gas
flaring. Continuous reduction to zero gas flaring
can be achieved if the gas can be monetized via
small GTL plant mounted on barge, with
Government playing an important role, by creating
the right environment for local and international
investors.
The major objectives of this paper are to
develop cash flow model for the small GTL plant,
determine economic indicators to ascertain viability
of investment and perform sensitivity analysis
(deterministic and stochastic) base on the dynamics
of oil and natural gas prices. However, these
indicators can be use by investors and decision
makers, to determine the profitability of this
technology in utilizing stranded gas in remote
locations such as offshore and swamps.

2. GTL technology
Gas to Liquid (GTL) is a process
technology, which transforms natural gas or other
feedstock (such as coal) mainly into equivalent
products of naphtha, middle distillate and lube base
wax, through catalyzed chemical reactions. The
GTL process comprises of three main stages as
shown in Figure 1. Stage one involves steam
reforming, where natural gas and steam are reacted
at temperatures above 800oC to produce synthesis
gas (H2 and CO).
CH4(g) + H2O(g) → 3H2(g) + CO(g) ∆H = 5.9x105
KJ/Kgmol at 25oC
At this point, the Hydrogen to Carbon monoxide
(H:CO) ratio is low and can be increased via water
gas shift reaction, where more steam is added to
increase the ratio.
CO(g) + H2O(g) → H2(g) + CO2(g) ∆H = -4.2x104
KJ/Kgmol at 25oC
AL-Shalchi (2006) stated that for steam reforming
H2 to CO ratio is greater than 3:1 via water gas shift
reaction. Stage two is Fischer–Tropsch synthesis
which involves a series of chemical reactions that
produce a variety of hydrocarbons molecules
according to the formula (CnH(2n+2)). The more
useful reactions produce alkanes as follows:
(2n+1) H2 + nCO → CnH(2n+2) + n H2O
where 'n' is a positive integer.
Pearce et al. (2015) observed that most of the
alkanes produced tend to be straight-chain, suitable
as diesel fuel, and competing reactions give small
amounts of alkanes, as well as alcohols and other
oxygenated hydrocarbons. Bruce (2003) stated that
in stage three product distribution and processing of
hydrocarbon formed during the Fischer–Tropsch
synthesis follows an Anderson-Schulz-Flory
distribution which is stated as:
𝑊𝑛
= (1 − 𝛼)2 𝛼 𝑛−1
(1)
𝑛
where Wn is the weight fraction of hydrocarbon
molecules containing n-carbon atoms. α is the chain
growth probability or the probability that a
molecule will continue reacting to form a longer
chain. In general, α is largely determined by the
catalyst and the specific process conditions.
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Fig. 1: GTL process technology
Cornot-Gandolphe et al (2003) stated that
the economics of GTL processing are highly
dependent on plant construction costs, product
types, yields and energy efficiency of the plant, as
well as the market prices of the liquids produced
and the cost of natural gas as feedstock. The output
of the liquids from GTL plants is expected to reach
2.3 MMbpd and it is dependent on oil price and the
successful demonstration of emerging technologies.
They posited that syngas production accounts for
about 30% and the FT synthesis process itself
account for about 15% of capital costs, with other
processing units, power generation and other
service making up the rest.
Iain (2012) reveals that where gas is
exported by pipeline, negligible value is obtained at
the point of delivery and protracted commercial
negotiations are often required with the buyer,
depressing the project Net Present Value (NPV).
With the design of Compact GTL which has the
same process as the conventional GTL, NPV of $81
million with cash payback of three (3) years can be
achieved, from processing 1000 bpb of associated
gas. Baxter stated that Capex of $75, $40 and $40
million, would be needed for gas re-injection, well
completion, and compression, if the produced gas is
to be disposed. If the total ($155 million) is directed
at a GTL facility integrated with the FPSO, then
additional oil production (syncrude) of 1,000 b/d is
achieved for little incremental cost. The resulting
project economics are attractive, with an internal
rate of return (IRR) of over 90% on the incremental
Capex and a maximum exposure of $33 million.
Gaffney, Cline and Associate (2001)
carried out extensive modelling of GTL industry
profitability. They stated that the basic economics
of GTL plants are determine by: (1) the value of the
final product, which in turn is determined (to a
large extent), by the price of crude oil; (2) the cost
of gas feedstock; (3) capital expenditure for the
GTL plant; and (4) the operating cost for the GTL

plant. Other model parameters are 2.5% inflation,
80% diesel and 20% naphtha output,
US$1.00/barrel transportation cost for GTL
products, and a gas price of US$1.00/MMBTU.
The sensitivity analysis undertaken shows that oil
prices of US$19/bpd and US$25/bpd remove, or
add, approximately $125 million from the GTL
project's profitability, which can mean a swing of 2.5% or + 2.5% in project internal Rate of Return
(IRR). Sensitivity analysis was not carried out by
the authors.
Nweke and Dosunmu (2015) developed an
economic model for utilizing stranded gas in the
Niger Delta region, with the following assumption:
(1) A fifteen-year (15years) service life. (2) 15%
discount. (3) Investment cost of a GTL plant is
estimated at $551 x 106 USD per B/D GTL product
(Data from Sasol/Chevron-Lagos). (4) Investment
cost (Pipeline and gas processing) of a LNG plant
is estimated at $735 x 106 USD per ton/yr of LNG
product (Data from LNG- Bonny). (5) GTL
operating cost is estimated at $2.25 x 106 USD per
year. (6) LNG operating cost is estimated at $3.40 x
106 USD per year. Two gas monetization option
was investigated, and from the model, an NPV of
$24.73 milliom was obtained, indicating that the
GTL option is preferable. However, sensitivity
analysis was not done to ascertain the risk
associated with the GTL option.
Synfuels
International
carried
out
sensitivity analysis on the effect of gas price on the
IRR, for GTL and Gas-to-Energy (GTE). Figure 2
shows that IRR decreases as gas cost increase,
indicating that gas cost has a negative effect on
IRR.
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Fig. 2: Plot of IRR against Gas Cost (Source: Synfuels International Inc.)
3. Materials and methods
The materials utilized in this work are
Excel Spreadsheet and @RISK softwares. The
method adopted in this paper is in three (3) stages:
Stage 1: Developing a cash flow model using
excel spreadsheet: Equations 2, 3, and 4 are the
model equations used in developing the cash flow.
𝐺𝑟𝑜𝑠𝑠 𝐼𝑛𝑐𝑜𝑚𝑒 =
∑𝑛𝑖=1(𝑃𝑟𝑜𝑑𝑢𝑐𝑡 𝑝𝑟𝑖𝑐𝑒)𝑖 (𝑃𝑟𝑜𝑑𝑢𝑐𝑡 𝑣𝑜𝑙𝑢𝑚𝑒)𝑖
(2)
𝑁𝑒𝑡 𝐼𝑛𝑐𝑜𝑚𝑒 = 𝐺𝑟𝑜𝑠𝑠 𝑖𝑛𝑐𝑜𝑚𝑒 − (𝑂𝑃𝐸𝑋 + 𝐶𝐴𝑃𝐸𝑋 +
𝐶𝑜𝑠𝑡 𝑜𝑓 𝐹𝑒𝑒𝑑 𝐺𝑎𝑠)
(3)
𝑁𝑒𝑡 𝐶𝑎𝑠ℎ 𝐹𝑙𝑜𝑤 (𝑁𝐶𝐹) = 𝑁𝑒𝑡 𝐼𝑛𝑐𝑜𝑚𝑒 (1 −

𝐶𝐼𝑇
100

)

(4)

Where CIT stands for Corporate/Company Income
Tax (%)
Stage 2: Estimation of economic indicators: The
economic indicators (NPV, IRR, Profitability Index
(PI), Present Value Ratio (PVR), Growth Rate of
Return (GRR) and Payback time) are estimated
from the cash flow model. Equations 5, 6, 7, 8, 9,
and 10 are the relevant equation used to estimate
the indicators.
𝑁𝐶𝐹

𝑁𝑃𝑉 = ∑𝑡𝑖=0 (1−𝑑)𝑖 𝑡

(5)

𝐼𝑅𝑅 𝑎𝑡 𝑁𝑃𝑉 = 0

(6)

𝑃𝑉𝑅 =

𝑁𝑃𝑉
𝐼𝑜

(7)

𝑃𝐼 = 1 + 𝑃𝑉𝑅

(8)
1

𝐺𝑅𝑅 = ((1 + 𝑃𝑉𝑅) 𝑡 (1 − 𝑑) − 1) × 100(9)
𝑃𝑎𝑦𝑏𝑎𝑐𝑘 𝑡𝑖𝑚𝑒 𝑎𝑡 𝐶𝑢𝑚𝑁𝐶𝐹 = 0

(10)

CAPEX at the discount rate (d), and CumNCF is
the Cumulative NCF.
Stage 3: Sensitivity analysis: Deterministic and
Stochastic analysis were carried out. The
deterministic involves analyzing the sensitive
response of NPV to changes in feed gas price. The
stochastic involves Monte Carlo Simulation using
@RISK software to estimate the likelihood at
which the economic indicators can be achieved, the
impact of uncertainty (input) variables on the
forecast (indicators) variables and the risk
associated with the project. The stochastic analysis
enhances investment decision making, since it
reveals the level of risk involves in the small GTL
plant mounted on barge. The assumptions below
are based on current data on wellhead gas price,
product price (local), Nigeria fiscal regimes on
downstream natural gas utilization, and GTL plant
parameters. A discount rate (d) of 15% was used,
with gas price of $3/MScf, OPEX: $3/bbl of total
liquid produced annually, CAPEX: $350 million,
Plant Capacity: 75 MMScfd, total liquid product
7500bpd of which diesel is 60%, Naphtha is 25%
and Kerosene is 15%. Product prices are diesel:
N185/lt ($78/bbl), Natphtha: N145/lt ($61/bbl), and
Kerosene: N150/lt ($63/bbl). These prices were
assumed constant throughout the projected years,
which is fifteen (15) years. Operating day: 365 day,
and income tax: 30%. Finally, plant facility was
assumed to wear out due to exposure to severe
environment, thereby reducing the plant efficiency.
In view of this, the plant capacity was assumed to
drop by 12% after 6 years and 17% after 10years
due to facility wear out.

where NCF is the Net Cash Flow, d is the discount
rate, t is time in years, Io is the present value of the
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4. Results and discussion
The cash flow model developed was based
on deterministic model and was used to carry out
the deterministic sensitivity analysis. The sufficient
and standard criteria used in determining the

viability of a project is given in Table 1. The
economic indicators estimated from the model are
shown in Table 2.

Table 1: Summary of Profitability Measures and Decision Rules
Profitability Measure
Accept if Reject if
Payback Period @ d
≤ Desired ≥ Desired
Net Present Value (NPV) @ d
>0
<0
Internal Rate of Return (IRR) @ d > d
<d
Profitability Index (PI) @ d
>1
<1
Present Value ratio (PVR) @ d
>0
<0
<d
Growth Rate of Return (GRR) @ d > d
Source: Mian, 2011
Table 2: Summary of the Economic Indicators Estimated from the Model
Economic Indicators
Criteria
Decision
Parameter
Value
NPV ($MM)
165.85 > 0 (+ve) Accept
PVR
0.55
>0
Accept
PI
1.55
>1
Accept
GRR (%)
18.42
> d (15%) Accept
IRR (%)
28.72% > d (15%) Accept
Payback time (Years) 3.32
Comparison of Tables 1 and 2 shows that
with the input parameters and the model equations,
the project is viable. The parameter of particular
interest is the IRR (hurdle rate), which is 28.72%
and was greater than the discount rate (15%). This
is acceptable since the IRR takes care of inflation in
the future. Values of discount rate between 15%
and 28.72% (15% < 𝑑 ≤ 28.72%) are also

acceptable, but values above 28.72% are not, since
they generate negative NPVs (Figure 3). For a
small GTL plant mounted on barge, a payback time
of 3.32 years is acceptable, since the payback time
of most project of this size falls between 3 years
and 5 years. Figure 4 shows a plot of cumulative
NCF against time from which the payback time was
estimated. The maximum exposure is $245 million.

Fig. 3: Plot of NPV against discount rate for internal rate of return (IRR)
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Fig. 4: Plot of cumulative NCF against time for payback time
The sensitivity analysis was a “what if”
trial of the deterministic model, with a step change
in the decision variable (wellhead gas price), the
effect was observe on the forecast variable (NPV).
This was done to estimate the maximum price to
buy wellhead gas in order to remain in business.
Figure 5 shows the sensitivity plot of the decision
variable and the forecast variable. The maximum
wellhead gas price, from Figure 5 is $4.45/MScf.
However, operating at this price will result in zero
NPV, indicating neither loss nor gain (Break Even
Point). Therefore, the GTL plant can continue to
operate and make profit as long as the wellhead gas
price is below the maximum value. As a matter of
fact, the lower the price the higher the NPV, and
above the maximum value, negative NPVs starts to
set in, indicating loss.

The Monte Carlo simulation shows that the
expected NPV was $133.75 million, against the
deterministic value of $165.85 million and the
likelihood of achieving it is 34.66% (Figure 6). The
worst and best cases and their likelihoods are $99.2
million (9.98%) and $159.5 million (89.98%). The
expected IRR is 26.16% against the deterministic
value of 28.72%, and the likelihood of getting it
was 33.75% (Figure 7). The expected PI is 1.45
against the deterministic value of 1.55 and the
likelihood was 37.88% (Figure 8). Although, all the
expected values from the simulation with their low
probability of occurrence, shows the viability of the
investment, but there is inherent risk associated
with the investment and investors must be aware of
the risk level.

Fig. 5: Sensitivity plot of decision and forecast variables (NPV profile)
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NPV ($MM)
Fig. 6: Probability distribution of NPV simulation

IRR (%)
Fig. 7: Probability distribution of IRR simulation
The inherent risk in the investment is shown in the
stochastic sensitivity analysis (Figure 9). The figure
shows that the risk in the investment in terms of
NPV is the negative impact of the dynamics of feed
gas price, indicating that, increasing the price will
decrease the NPV, and vice versa. The OPEX has
the least impact on the NPV. Therefore, investors
should worry less on operating expenditure and
Government influence (tax) and pay more attention
on the dynamics of gas price. The stochastic
analysis also shows that feed gas price has the
highest impact on the IRR with OPEX having the
next highest impact. Government tax have the least
impact (Figure 10). The farther the IRR is from the
discount rate, the better the investment opportunity.
However, increase in gas price, will reduce the

difference between the IRR and the discount rate.
This is a risk investment decision makers must take
into account when advising investors. Finally, the
simulated PI (1.45) indicates that the investment
will returns a total of $1.45 million for every $1
million invested, but with 37.88% chance of
occurring, the risk involve is determine by the
prices of feed gas and the CAPEX, with OPEX
having the least impact (Figure 11). It indicates that
increasing the feed gas price, will decrease the
returns against the $1 million invested. Generally,
investing on small GTL plant mounted on Barge is
profitable, but investors should worry less on
OPEX and Government influence (tax), but should
pay more attention to feed gas price and CAPEX, to
minimize the risk of losing money.
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PI
Fig. 8: Probability distribution of PI simulation

Fig. 9: Impact of input variables on NPV sensitivity

Fig. 10: Impact of input variables on IRR sensitivity
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Fig. 11: Impact of Input Variables on IRR sensitivity
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