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Abstract

International oil and gas projects feature high capital-intensity, high risks and contract diversity. Therefore, in order to help
decision makers make more reasonable decisions under uncertainty, it is necessary to measure the risks of international oil
and gas projects. For this purpose, this paper constructs a probabilistic model that is based on the traditional economic
evaluation model, and introduces value at risk (VaR) which is a valuable risk measure tool in finance, and applies VaR to
measure the risks of royalty contracts, production share contracts and service contracts of an international oil and gas
project. Besides, this paper compares the influences of different risk factors on the net present value (NPV) of the project
by using the simulation results. The results indicate: (1) risks have great impacts on the project’s NPV, therefore, if risks
are overlooked, the decision may be wrong. (2) A simulation method is applied to simulate the stochastic distribution of
risk factors in the probabilistic model. Therefore, the probability is related to the project’s NPV, overcoming the inherent
limitation of the traditional economic evaluation method. (3) VaR is a straightforward risk measure tool, and can be applied
to evaluate the risks of international oil and gas projects. It is helpful for decision making.

Keywords Risk measurement - Value at risk - International oil and gas projects - Fiscal terms - Probabilistic model

1 Introduction

High risk is one of the most distinguishing features of
international oil and gas (OG) projects. Suslick and
Schiozer (2004) and Welkenhuysen et al. (2017) suggested
that geological risk, economic risk and engineering risk
should all be considered because they influence the
exploration and development of OG projects. As both
geological risk and engineering risk affect the uncertainty
of volumes and production plans of oil and gas projects, we
propose to use resource risks to represent geological risk
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and engineering risk. Besides, Liu et al. (2012) and Zhu
et al. (2015) mentioned that policy risk, especially fiscal
risk, has important impacts on international OG projects.
Moreover, Zhang et al. (2012) and Wang and Zhang (2012)
proposed that resource risks, economic risks and policy
risks should be considered in the evaluation process of
international OG projects. In summary, there are three
types of risks for an operating international OG project: (1)
resource risks. They mainly influence the production of the
projects, and include geological structure, recovery ratio,
resource quality, production planning and so on. They can
be classified into geological risk, resource acquisition risk,
and engineering risk. The geological risk is related to
underground structures; resource acquisition risk is related
to OG quality and difficulties of exploitation, both of them
have impacts on the volumes of OG resources. Meanwhile,
engineering risk is related to engineering technology,
production planning and other factors; they have impacts
on the volumes of produced OG. (2) Economic risks. They
affect the costs and prices of the product, and contain
production costs, operating costs, OG prices, exchange
rates and so on. They influence the net revenues of OG
projects. (3) Policy risks. They impact the projects from
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different aspects-policy risks may influence the project
revenues or the project costs, and may even affect the
demand and supply of the product. They consist of fiscal
policies, nationalization policies and so forth; among which
fiscal policies affect the revenue distribution of OG pro-
jects between resource countries and OG companies, and
nationalization policies affect the ownership of OG pro-
jects. These risk factors exist in the whole project life cycle
and always affect the project values.

Apart from high risk, international OG projects have
other features: (1) international OG projects are featured by
high investment and high returns. Investment is enormous
for international OG projects, frequently more than 10
million US dollars. Meanwhile, the potential returns are
also substantial for international OG projects, usually as
high as 100 million dollars. Besides, there are over a dozen
factors that have impacts on the project returns, among
which several are risk factors. Therefore, the impacts of
risk factors on project values is relatively significant for
international OG projects, which make it urgent to measure
the risks of international OG projects. (2) The revenue
distribution of international OG projects depends on con-
tract types. The revenue distribution is different for royalty
contracts, production share contracts, and service contracts.
Therefore, contract diversity complicates the risk mea-
surement of international OG projects. What is more, it
makes this study more valuable. In summary, it is essential
to study the impacts of risk factors on the values of inter-
national OG projects, aiming to help decision makers make
more reasonable decisions given the uncertainties.

The widely used methods for quantitative risk analysis
on project values include: (1) the exhaustion method,
which lists all possible values of risk factors (SQW 2010).
This method contains all the possible values. However, the
corresponding possibilities are overlooked. (2) The most
likely value method, which uses the most likely values of
risk factors (Dalton et al. 2012). This method is affected by
the subjective probabilities. Besides, even though the most
likely values of risk factors are applied, the probability that
all the most likely values appear simultaneously is much
smaller (Hertz 1964). (3) The scenario analysis method,
which sets several scenarios, and estimates and compares
the results in different scenarios. However, the probability
of different scenarios cannot be obtained. (4) The minimum
expected return rate method, which aims to estimate the
minimum expected return rate of a project under given
parameters (Weijermars et al. 2017; Welkenhuysen et al.
2017). Although this method can be used to estimate the
benchmark, the corresponding confidence level cannot be
obtained.

In summary, the above four methods cannot provide the
confidence levels (or probabilities) of different results. For
the investors, they hope to fully recognize the impacts of
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all risk factors on the project values. If they overlook the
impacts of risk factors, they may bias the project values,
and lower the decision’s reliability (Mohamed and
McCowan 2001). Therefore, the confidence levels are very
important for investors because if investors are not sure
whether they can obtain enough profits, they may choose to
give up. Therefore, it is necessary to apply an appropriate
method for risk measurement of international OG projects,
which can link the probabilities with all the possible
results. A probabilistic model, which simulates the risk
factors to obtain all possible results, is a suitable method
because it can comprehensively evaluate the impacts of
risk factors on the project values, and it can also link the
probabilities with all the possible results (Hu and Shen
2001; Yan et al. 1999). Therefore, a probabilistic model is
applied in this paper to measure the risks of international
OG projects.

The application of the probabilistic model is divided
into three areas—value estimation, resource evaluation and
policy appraisal.

(1) Studies of the value estimation concentrate on three
aspects: (a) optimization research. Goel and Gross-
mann (2004) applied a simulation method in the
investment and production optimization process of
an offshore gas field which faces reserve uncertainty.
Lin et al. (2013) used a probabilistic model to
optimize the production scheme of a deep-water OG
project in West Africa which is under reserve
uncertainty, equipment uncertainty, and market
uncertainty. (b) Value estimation. van der Poel and
Jansen (2004) applied a probabilistic model to study
the impacts of intelligent well completion on the OG
project values. Khadem et al. (2017) applied the
probabilistic model to conduct quantitative risk
management of an oil and gas project in Oman.
Welkenhuysen et al. (2017) applied a probabilistic
model to evaluate a CO,-EOR project which faces
oil price uncertainty, recovery rate uncertainty, CO,
price uncertainty, and uncertainty of the mean value
of the production curve. Weijermars et al. (2017)
used a probabilistic model to compare the return rate
of shale blocks in the Eagle Ford in the USA and
Mexico. (c) Cost analysis. Méjean and Hope
(2008, 2013) applied the probabilistic model to
estimate the costs of Canadian bitumen and Canadian
synthetic crude oil.

(2) Studies of the resource evaluation mainly estimate
the key indicators of an OG project, such as original
oil/gas in place, technically recoverable resources
and recovery factor. Dong et al. (2013) and Richard-
son and Yu (2018) applied a probabilistic model to
estimate the resource indicators of shale gas
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reservoirs. Osterloh et al. (2013) applied a proba-
bilistic model to estimate the resource indicators of a
heavy oil reservoir.

(3) Studies of the policy evaluation mainly evaluate the
policies which influence the net present value (NPV)
of OG projects. Liu et al. (2012) applied a proba-
bilistic model to thoroughly study the impacts of key
fiscal terms of a production share contract on the
values of OG projects under oil price uncertainty.
Wang et al. (2012) applied a probabilistic model to
analyze the impacts of the key terms in a royalty
contract on the NPV of an international OG projects.
Besides, other scholars applied a probabilistic model
to production prediction (such as Rivera et al.
(2007)), to well construction (such as Mclntosh
(2004) and Adams et al. (2010)) and so on.

In summary, although the probabilistic model is widely
applied in OG studies, most of the previous studies focus
on resources indicators, especially the papers published by
SPE, and aim to estimate the technically recoverable
resources. Other studies applied the probabilistic model to
investigate the impacts of risk factors on the NPV of the
OG projects. However, they lack a standard research
framework. Liu et al. (2012) and Wang et al. (2012) con-
ducted similar studies, however, they confined their studies
to a certain fiscal system, and they mainly studied the
impacts of oil uncertainty. In order to propose a research
framework and to comprehensively measure the risks of
international OG projects, this paper chooses risk factors
from resource uncertainties, economic uncertainties, and
policy uncertainties, then simulates the risk factors based
on a traditional NPV model and compares the impacts of
different risk factors on the NPV based on the proposed
research framework.

It is necessary and meaningful to quantitatively estimate
the risks of international OG projects and to study the
impacts of different risk factors. Therefore, in order to
address these issues, this paper proposes a research
framework (the probabilistic model), in which a Monte
Carlo Simulation method and VaR are applied. The prob-
abilistic model provides the distribution of NPV and VaR,
therefore it is helpful for decision makers to acknowledge
the risks of international OG projects and make decisions
based on this information. The contribution of this study is
that it considers the features of the appraisal of interna-
tional OG projects, and introduces VaR to the research
framework of the probabilistic model, which provides a
new method for the risk measurement of international OG
projects.

The remaining paper is organized as follows: The
framework of the probabilistic model and the concept of
VaR are described in Sect. 2. The probabilistic model is set

up in Sect. 3. Section 4 presents the parameters and results
of different fiscal systems. Section 5 is the conclusion of
this paper.

2 Probabilistic model and VaR

The probabilistic model is based on a traditional economic
evaluation model, but it overcomes the inherent limitation
of traditional economic evaluation models by simulating
stochastic variables. Besides, an NPV frequency histogram
can be obtained by using a probabilistic model, and then
VaR can be applied to measure the project risks.

2.1 Probabilistic model

There are many factors which influence the values of
international OG projects, such as resource volume, pro-
duction curve, investment, operation expenditure, product
prices, and taxes. These factors can be divided into two
categories, namely the fixed variables and stochastic vari-
ables. Fixed variables refer to the certain factors, whose
values do not change in the future. Stochastic variables
refer to the uncertain factors, whose values are not fixed
and may change in the future. Distributions (like the nor-
mal distribution, triangle distribution, and uniform distri-
bution) and corresponding parameters (the mean, the
standard deviation (Std)) can be used to describe stochastic
variables, and historical data or available data can be used
to fit the distributions for stochastic variables.

Parameters in the traditional NPV model are assumed to be
fixed variables. Therefore, the assumptions in the traditional
NPV model are rigid, and they cannot reflect the uncertain
factors embedded in the projects. However, parameters in the
probabilistic models are divided into fixed variables and
stochastic variables, and the Monte Carlo Simulation method
is applied to simulate the stochastic parameters. The impacts
of stochastic variables on the values of international OG
projects are studied, therefore the probabilistic model can
overcome the inherent defects of the traditional NPV model.
The Monte Carlo Simulation method can comprehensively
measure and analyze the stochastic characters of risk factors of
international OG projects, therefore it is proper to apply the
Monte Carlo Simulation method to measure the impacts of
uncertain factors (Falconett and Nagasaka 2010; Montes et al.
2011; Welkenhuysen et al. 2017).

In order to analyze the impacts of risk factors on the
values of international OG projects, this paper proposes the
analytical framework of the probabilistic model, which is
shown in Fig. 1. @RISK software from Palisade (USA) is
applied to conduct the Monte Carlo Simulation. After
10,000 iterations, the distribution histogram of the NPV is
obtained, and the probability density curve is acquired.
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Inputs
Stochastic variables Fixed variables
(Probabilistic inputs) (Deterministic inputs)
Random variables drawn
from known distributions
Parameters setting for both Oil originally in place
stochastic variables and
fixed variables
Recovery factor
Oil and gas prices
\ 4

Project’s cost

Capital expenditure

Operation expenditure

Monte Carlo simulation (10,000 iterations)

Project’s revenue

Sales income of
oil and gas

A

Probability density curve
Describe the distribution of the project's NPV

Y

Value at Risk
Quantify the impacts of risk factors on the project's NPV

Fig. 1 Framework of the probabilistic method (note: drawn by the authors)

VaR can be applied to measure the probability that the
NPV is higher than a certain threshold. Besides, different
confidence levels can be selected to measure the thresholds
of different risk levels, which can comprehensively mea-
sure the risks of international OG projects.
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2.2 Value at Risk

Value at Risk (VaR) is a tool to measure risks. To be
specific, it refers to the largest potential losses of the
financial assets or security portfolios held by the investors
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over a certain time interval, given a set probability. It can
be calculated by Prob(APAtr <VaR) = 1 — o, where Prob
represents the probability that the losses of assets are less
than the largest possible losses, APAt refers to the losses of
assets in a set time interval A¢, and 1 — o is the confidence
level. The definition of VaR is illustrated in Fig. 2a.
Decision makers in the financial department are concerned
about the potential losses, therefore, they pay more atten-
tion to the left tail of the returns curve when they calculate
the VaR. In summary, VaR is a straightforward and con-
venient tool for risk measures, and it is widely used in
financial departments because decision makers can quickly
acknowledge the impacts of risk factors through several
numbers (namely VaRs).

Gass et al. (2011) introduced VaR into value estimation
of energy projects. Gass et al. (2011) stated that given a set
confidence level 1 — o, the corresponding threshold can be
obtained by using the probability density curve of NPV.
The probability that NPV is less than the threshold is 1 — o,
or the probability that NPV is high than the threshold is o,
namely Prob(NPV<VaR)=1-—u or
Prob(NPV > VaR) = a. VaR of energy projects is illus-
trated in Fig. 2b. As the decision makers care more about
gains than losses when they estimate the project values,
decision makers pay more attention to the right tail of the
NPV curve.

3 Probabilistic model

A probabilistic model is based on the NPV model, while
economic evaluation of international OG projects is influ-
enced by many factors, such as production scheme, oil
prices, costs, fiscal terms, project revenue, and taxes.
Therefore, we set up different models to depict the above-
mentioned factors to construct the economic evaluation
model of international OG projects. Then, we divide the

(a) VaR of finance

factors into stochastic variables and fixed variables, and we
finally employ @RISK to simulate the stochastic variables.

3.1 Production model

In general, the production of the OG projects in the initial
stage is small, then it starts to increase until it reaches the
production plateau. After that, it starts to decrease until the
OG field is abandoned. There are different kinds of pro-
duction curves that are used to depict the production
scheme (e.g., Arps 1945; Fetkovich 1980; Hook and
Aleklett 2008), among which the lognormal curve is widely
used (Welkenhuysen et al. 2017). It is very convenient to
apply a lognormal curve to describe the production curve
as the shape of the production curve is decided by the mean
u and the Std o. The function of the lognormal distribution
is:

1 (Inx— L)Z
e 27 (1)

Y xa\/2m

With reference to Eq. (1), given that the production
scheme follows a lognormal distribution, the annual pro-
duction of an OG project is calculated as:

1 (nr—p)?
— - =

Prod, = OOIP x R x ta\/Z_ﬂ:e 2 (2)
where Prod; represents the OG production at year ¢, OOIP
is the oil originally in place, R is the recovery factor, u is
the mean of production curve, and ¢ is the Std of pro-
duction curve. The highest point of the production curve is
the plateau production, and the shape of the production
curve changes when u and ¢ change.

As shown in Eq. (2), there are 5 factors that have
impacts on production scheme. They can be classified into
geological factors, resource acquisition factors and engi-
neering factors. OOIP belongs to geological factors, R falls
within resource acquisition factors, and u, ¢ and project
cycle are part of engineering factors. Given that the other

(b) VaR of energy project

Assume the profit-and-loss
follows standard normal
distribution. The 5% VaR
point is 1.64 standard
deviation below the mean.

—_—
Line at -1.64 means
5% VaR is 1.64.

Blue area to the right
of the line represents
95% of the total area
under the curve.

Red area to the left
of the line represents
5% of the total area
under the curve.

-4 -3 -2 -1 0 1 2 3 4

Fig. 2 Value at Risk (note: drawn by the authors)

Line at 1.64 means
95% VaR is 1.64.
|——

Assume the project NPV
follows standard normal
distribution. The 95% VaR
point is 1.64 standard
deviation above the mean.

Red area to the left

of the line represents
95% of the total area
under the curve.

Blue area to the right
of the line represents
5% of the total area

under the curve.
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factors are fixed, the positive impacts of OOIP on pro-
duction curve are shown in Fig. 3.

3.2 Oil price model

Oil price is affected by many factors, such as fundamentals,
future markets and short-term shocks. The oil price is very
volatile, and the stochastic process is often used to describe
the volatility of oil price. Currently, Geometric Brownian
Motion (GBM) and Mean-Reverting Process (MRP) are
widely applied to simulate the oil price (Schwartz 1997;
Wang and Li 2010; Wang et al. 2010; Zhao and Feng
2009). GBM indicates that the price of underlying assets
has a long increasing or decreasing trend, meanwhile, it
randomly fluctuates. Therefore, GBM tends to wander far
from the starting points. MRP implies that the price of
underlying assets tends to wander toward the long equi-
librium price while it randomly fluctuates. Compared with
GBM, the MRP is more suitable to depict the oil price.
Although in short-term oil price might fluctuate randomly
in response to the other factors, it is mainly decided by the
fundamentals and will draw back toward a normal price in
the long term. Therefore, MRP is used in this paper. The
simulation process and estimation method of its parameter
are shown below.
Assume the MRP of oil price is expressed as:

dP = nP(m — In P)dt + oPdz (3)

where 1 is the speed of reversion, P is oil price, m is long
equilibrium price, ¢ is the variance parameter of oil price
and dz is the increment of a standard Winner process.

Let X = InP, by applying Ito’s lemma in Eq. (3), we
obtain:

dX = p(oe — X)dt + 0dz (4)

o2

—— Low reserve
—— Median reserve

High reserve

OG production

Time

Fig. 3 Impacts of oil originally in place on the production curves
(note: drawn by the authors)
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Equation (4) implies that the logarithm of oil price (X)
obeys the Ornstein—Uhlenbeck process. By using the
equivalent martingale measure, the Ornstein—Uhlenbeck
process can be expressed as dX = n(o* — X)dt + adz”,
where o = o — 4, A is the market price of risk, dz* is the
increment of a standard Winner process under the equiv-
alent martingale measure.

Let X, represent the logarithm of the current oil price.
By using the property of the Ornstein—Uhlenbeck process,
we have that under the equivalent martingale measure, X
follows a normal distribution, and its expected value and
variance at time ¢ are expressed as:

EX,)=0o"+ Xo—o")e " =Xe ™" +a"(1—e") (6)

o2
Var(X,) = 2 (1—e™") (7)

In order to simulate the MRP, Eq. (4) is discretized, and
a first-order autoregressive process is obtained then (Dixit
and Pindyck 1994; Schwartz 1997):

X, — X =o' (1—e)+ (e — DXt + ¢ 8)

where ¢, ~N(0,0), 6> = ‘2’—;(1 —e %)

By using the historical data, we obtain:

X[ _X17] = d+l;Xt7] + €& (9)

From Eqgs. (8) and (9), estimated values of parameters of
MRP are obtained:

where &, is the standard error of the regression.

The mean and variance of the normal distribution that
the annual logarithm of oil price follows are obtained by
substituting the estimated parameters in Eqgs. (6) and (7).
After the estimation, we conclude that ¢ is 31.28%, 7 is
0.265, and o is 4.17 USD/barrel. Based on the estimated
parameters, we apply @RISK to conduct Monte Carlo
Simulation, and obtain the random series of oil prices.

3.3 Cost model

Costs of OG projects are used to construct production
facilities, to maintain production and to repair the envi-
ronment after the OG fields are abandoned. Costs consist of
capital expenditure (Capex), operation expenditure (Opex)
and decommissioning expenditure (Decom). Capex is the
initial investment of the projects, it is mainly used to
construct production facilities. It is classified into
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intangible Capex (ICapex) and tangible Capex (TCapex).
Intangible Capex cannot be depreciated, therefore it is
accounted as annual costs. However, tangible Capex can be
depreciated, and the five-year, straight-line depreciation
method is applied (Let D denotes depreciation). Opex is
used to maintain production, and can be divided into fixed
Opex (FOpex) and variable Opex (Opex,). Fixed Opex
refers to the fixed expenditure used for operation and
maintenance, while, variable Opex is related to production.
Decom refers to the expenditure that is used to restore the
environment after the field is abandoned, and it is
accounted as the costs at the end of the project. To be
specific, the annual cost of an OG field is:

C, = ICapex; + D, + FOpex; + Prod; x Opex, + Decom
(13)

3.4 Income model

The sales income (/) is the money that comes from the
sales of the produced OG, i.e.,

I, = Prod, x P, (14)

where P; is the average oil price at year ¢.
3.5 Fiscal terms

The revenue distribution of OG projects is different in the
different fiscal systems. Therefore, three typical fiscal
systems and their revenue distribution mechanisms are
introduced and relative fiscal terms are set, which lays the
foundation for the construction of an economic evaluation
model.

3.5.1 Royalty contract

With a royalty contract, OG company owns the property of
produced OG of the OG field, but needs to investment
alone and carry all the risks. Typical revenue distribution
of a royalty contract is illustrated in Fig. 4.

Under a royalty contract, the OG project yields sales
income after OG resources are produced and sold, then the
owner of the project needs to pay the royalty to the gov-
ernment (royalty is calculated by multiplying sales income
by a certain percentage). After that, the tax base is obtained
when the production costs are deducted, then income tax,
dividend tax, and other taxes are calculated based on their
corresponding tax rate, and then profit after tax is obtained
when the taxes are paid.

Let Royalty denote the paid royalty of OG project under
the royalty contract, and ¢, denotes the royalty tax rate,
then:

Royalty, = I, X t, (15)

Let IT represents the income tax of the OG company
with a royalty contract, the tax base of income tax is the
sales income minus royalty and production costs. Suppose
t;; is the corresponding tax rate, then:

IT, = (I, — Royalty, — C;) X t;, (16)

3.5.2 Production share contract

With a production share contract, the national OG company
of the resource country owns the management and control
right of the OG field, and the OG company is responsible
for OG production. Typical revenue allocation is shown in
Fig. 5.

Under a production share contract, the OG project yields
sales income after OG resources are produced and sold,
then the owner of the project needs to pay the royalty to the
government. There exists the limit of cost oil (namely the
Cap) in production share contracts, it is the highest cost
that can be recovered from revenue every year. The Cap is
obtained as a certain percentage of the sales income minus
royalty: if the annual production costs are no larger than the
Cap, all production costs are recovered; otherwise, only the
Cap of cost oil is recovered, and the unrecovered costs are
brought forward to the next year. Profit oil is obtained
when the royalty and cost oil is deducted, and it is allocated
to the government and OG company based on an agreed
percentage. The OG company needs to pay income tax,
where the tax base is its share of profit oil.

Let Royalty denotes the paid royalty of the OG project
under the production share contract, and ¢, denotes the
royalty tax rate, then:

Royalty;, = I, x t, (17)
Let CO represents the cost oil, CO.,, represents the limit

of cost oil, and 7co represents the percentage of cost
recovery, then:

COcqp, = (I — Royalty,) X tco (18)
CO, = min(C, + max(CO,_; — COcqp, ,,0), COcqp, )

(19)

Let PO denotes the profit oil, PPO denotes the share of

the profit oil of the OG company, GPO denotes the share of

the profit oil of the government, and 7pp represents the
percentage of the profit oil of the OG company, then:

PO, = I, — Royalty, — CO, = PPO, + GPO, (20)
PPO, = PO, X tpo (21)

Let IT represents the income tax of the OG company
with the production share contract, the tax base of income

@ Springer
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Y
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Fig. 4 Revenue allocation under a royalty contract [note: with reference to Mazeel (2010)]
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Total revenue

Y
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Royalty

'

Production costs (Opex,
management costs, etc.)

OG company gains
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A
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'

A

Taxes on share of profit
oil of OG company

v

Profit after tax

Y

Production costs
(Opex,
management costs,
Capex, etc.), with
limits

Y

Profit of OG
company

Fig. 5 Revenue allocation under a production share contract [note: with reference to Mazeel (2010)]

tax is the share of profit oil. Suppose f; is the corre-
sponding tax rate, then:

IT, = PPO, x t; (22)

3.5.3 Service contract

The core concept of a service contract is the resource
country regards the production process of the OG company
as a service and pays for the service, but the resource
country owns the property of the produced OG resources.
A service contract includes a risk service contract, pure

@ Springer

service contract, and mixed service contract. The differ-
ence between a risk service contract and a pure service
contract is that the OG company needs to carry the risks:
under a risk service contract, the OG company needs to
undertake all the Capex, Opex and risks, and can recover
the investment and acquire compensation fee after the field
starts to produce OG; while, under a pure service contract,
the OG company is not responsible for the exploration and
production risks, and only gains the compensation fee by
providing the production facilities and operation. A mixed
service contract is the combination of a risk service
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contract and a pure service contract, the OG company
should carry certain risks, but it can recover its investment
and receive compensation when the OG resources are
produced. Typical revenue distribution of a service contract
is illustrated in Fig. 6.

A risk service contract is analyzed in this paper. Under a
risk service contract, the OG project yields sales income
after OG resources are produced and sold. Afterward the
limit of cost oil is obtained as a certain percentage of the
sales income: if the annual production costs are no larger
than the limit, all production costs are recovered; other-
wise, only the limit of cost oil is recovered (the Opex are
preferentially recovered), and the unrecovered costs are
carried forward to the next year. The compensation fee is a
certain percentage (compensation rate) of the difference
between the limit of cost oil and the recovered costs. The
OG company needs to pay income tax on the tax base of its
compensation.

Let CO represents the cost oil, CO,, represents the limit
of cost oil, and 7o represents the percentage of cost
recovery, then:

COmI,, =1, X tco (23)

CO, = min(C; + max(CO,_; — COcqp, ,,0), COcqp,)
(24)

it should be noticed that if the production costs are larger
than the limit of cost oil, Opex is firstly recovered, Capex
and Decom are recovered then, and the unrecovered costs
are carried forward to the next year.

Let COM denotes compensation fee, and f¢op denotes
the compensation rate, then:

Let IT represents the income tax of the OG company
with a risk service contract, the tax base of income tax is
the compensation fee. Suppose ¢ is the corresponding tax
rate, then:

IT, = COM, X t; (26)
3.6 Projects value model
The net present value (NPV) of the OG project is applied to

estimate the project value. NPV refers to the aggregate
values of net cash flows which are discounted to year 0, to

be specific:
Tu
NCF,
NPV = —_— 27
; (L+r) >

where NCF; is the net cash flows in year ¢, r is the discount
rate, T, is the project life cycle.

3.7 Projects VaR

By applying the probabilistic model, the NPV frequency
histogram of the OG projects is obtained. After that, a
certain probability can be selected, and the corresponding
threshold can be calculated. To be specific:

Prob(NPV <VaR) =1 — o or Prob(NPV >VaR) = a
(28)
where Prob() denotes the probability that the project’s

NPV is higher than or lower than the threshold, 1 — o or «
denotes the corresponding probability.

COM, = max(COqp, — CO;,0) X tcoy (25)
— Governmentgains [ Total revenue 1 OG company gains [ ]
\ 2
Production costs (Opex, N
management costs, etc.) 4 Cost recovery

Government profit

A 4

Compensation fee

Y

)

A

Profit Compensation fee

Tax of
compensation fee

A

Fig. 6 Revenue allocation under a service contract [note: with reference to Mazeel (2010)]
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4 Empirical analysis

In order to conduct the empirical analysis, an international
oil project is used as an example in this paper. Three
economic evaluation models and corresponding proba-
bilistic models of the different fiscal systems are estab-
lished in Excel. @RISK is applied to conduct Monte Carlo
Simulation, and NPV frequency histograms of the OG
company in different fiscal systems are obtained, and then
project risks are measured.

4.1 Parameters of economic evaluation

Suppose that the international oil project is a new project
for the OG company, its life cycle is 11 years.! Given that
international OG projects face resource risks and economic
risks, oil originally in place (OOIP), variable Opex (Opex
per barrel), and oil price are assumed to be stochastic
variables. As for the policy risks, royalty rate, cost recovery
rate, and compensation rate are selected as stochastic
variables in the royalty contract, production share contract,
and service contract, respectively, because these three
variables are the core fiscal terms in the three fiscal sys-
tems. As for OOIP, with reference of Jakobsson et al.
(2012), we assume it follows a lognormal distribution with
a range between 0 and positive infinity. As for Opex per
barrel, with reference of Falconett and Nagasaka (2010),
we assume it follows a triangular distribution. As for roy-
alty rate, cost recovery rate, and compensation rate, we
assume they follow uniform distributions. As for oil price,
we assume it is a Mean-Reverting Process. Stochastic
variables and their assumptions are listed in Table 1.

Apart from the six parameters above, the other related
parameters are assumed to be fixed variables. Some of the
values of the other parameters are provided by the project
owner, and some are based on the existing literature
(Welkenhuysen et al. 2017; Wang et al. 2012), which is
listed in Table 2.

4.2 Results analysis and discussion

After economic evaluation models of the different fiscal
systems are established in Excel, @RISK is applied to
conduct 10,000 iterations based on the assumptions of
stochastic variables, and the simulation results of NPV s in
the three models are obtained. The simulation results are
analyzed first, then the impacts of oil price, OOIP, and
Opex per barrel on NPV is compared. Finally, the impacts
of NPV distribution on decision making is investigated.

' The project is owned by a national petroleum company of China.
The related information is provided by this company.
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Table 1 Stochastic variables, their distribution and distribution
parameters

Variables Parameters
A) Lognormal distribution Unit Mean Std.
1. OOIP 10 million barrels 5 0.8
B) Triangle Unit Minimum Most Maximum
distribution possible
value
2. Opex per US dollar/ 10 14 15
barrel barrel
C) Uniform distribution Unit Minimum Maximum
3. Royalty rate % 20 40
4. Cost recovery rate % 50 70
5. Compensation rate % 70 90
D) Mean reversion process Unit Value
6. Original oil price US dollar/ 43.29
barrel
Std. of oil price % 31.28
Speed of reversion 0.265
Logarithm of long-term equilibrium oil ~ US dollar/ 4.17
price barrel

(1) Means of OOIP, Opex per barrel, Royalty rate, Cost recovery rate
and Compensation rate is provided by the project owner. Other
parameters of the distributions are with reference to Jakobsson et al.
(2012) and Falconett and Nagasaka (2010), respectively. (2) Param-
eters of oil price are calculated by the authors

4.2.1 Simulation results

4.2.1.1 Evaluation results of royalty contract The NPV
frequency histogram of the royalty contract is shown in
Fig. 7a. The simulation results indicate that the mean NPV
of the royalty contract is 17.2 million US dollars, and Std is
42.4. According to the simulation results, it is possible that
the NPV of royalty contract is negative (the probability is
35.1%), namely the probability that investors would lose
their investment is 35.1%. Similarly, from the frequency
histogram, we are 59.9% confident that the NPV falls in the
range between 0 and 90.7 million US dollars, and 5%
confident that the NPV exceeds 90.7 million US dollars.
In order to analyze the impacts of different stochastic
variables on the NPV of the royalty contract, we conduct an
analysis of the contribution to the variance of NPV, as
shown in Fig. 7b. From Fig. 7b, we conclude that the
randomness of oil price has the greatest impact, the royalty
rate ranks second; OOIP also has a certain impact, while
Opex per barrel has a small impact. Under the assumed
royalty contract in this paper, when the produced oil is sold
and the sales income is obtained, the OG company needs to
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Table 2 Other parameters

related to economic analysis Variables Parameters
Unit Value

A) Parameters of production curve

1. Recovery rate % 46

2. Mean 2

3. Std. 1.23

4. Project life cycle Year 11
B) Parameters of investment

5. Intangible Capex Thousand dollars 46,000

6. Tangible Capex Thousand dollars 96,000
C) Parameters of Opex

7. Fixed Opex Thousand dollars 15,000
D) Parameters of Decom

8. Decommissioning expenditure Thousand dollars 21,300
E) Parameters of royalty contract

9. Income tax rate % 30
F) Parameters of production share contract

10. Royalty rate % 5

11. Profit oil percentage of the OG company % 45

12. Income tax rate % 30
G) Parameters of service contract

13. Cost recovery rate % 75

14. Income tax rate % 30
H) Other parameters

15. Discounted rate % 12

Some of the parameters are provided by the project owner, and some are with reference to Wang et al.
(2012) and Welkenhuysen et al. (2017)

(a) NPV frequency histogram of the royalty contract
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= ©
L 0.004 -33.3% E
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Fig. 7 Results of economic analysis for the royalty contract

pay royalty to the resource country based on the sales
income. Therefore, the royalty rate greatly influences the
surplus revenue of the royalty contract, and will have a
great impact on the NPV. The impacts of oil price, OOIP,
Opex per barrel are analyzed later.

4.2.1.2 Evaluation results of the production share con-
tract The NPV frequency histogram of the production

(b) Contribution to the variance of NPV

-40% -20% 0% 20% 40% 60%
1 1 1 1

Randomness
0

Opex per barrel

Stochastic variables

_3E

Royalty rate

share contract is shown in Fig. 8a. The simulation results
show that the mean NPV of the production share contract is
19.1 million US dollars, and Std is 39.4. According to the
simulation results, the probability that investors would lose
their investment is 32.5%; the probability that the NPV
falls in the range between 0 and 81.5 million US dollars is
62.5%; the probability that the NPV exceeds 81.5 million
US dollars is 5%.

@ Springer



Petroleum Science

(a) NPV frequency histogram of the production share contract
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Fig. 8 Results of economic analysis for the production share contract

Contribution to the variance of NPV under the produc-
tion share contract is shown in Fig. 8b. According to
Fig. 8b, we conclude that the oil price randomness has the
greatest impact, OOIP ranks second; the cost recovery rate
also has a great impact, while Opex per barrel has a small
impact. Under the assumed production share contract in
this paper, sales income is assessed when the produced oil
is sold, then the royalty is paid. After that, the limit of cost
oil is decided by the net income (i.e., sales income minus
royalty) and cost recovery rate, and then the actual
recovered cost is determined by available and forwarded
production costs. Therefore, the cost recovery rate has a
great influence on NPV, but the influence depends on the
cost recovery mechanism. Overall, the influence of the cost
recovery rate is not direct, consequently, its impact is rel-
atively low. The impacts of oil price, OOIP, Opex per
barrel are analyzed later.

4.2.1.3 Evaluation results of the service contract The
NPV frequency histogram of the service contract is shown
in Fig. 9a. The simulation results show that the mean NPV
of the service contract is 12.3 million US dollars, and Std is
39.9. According to the simulation results, there is 36.7%
assurance that the investors would lose all their investment;
there is a 58.3% assurance that the NPV falls in the range

(a) NPV frequency histogram of the service contract
0 67.9

5.0% |

0.014 100%

0.012 - 85.7%

0.010 - 71.4%

0.008 -57.1%

0.006 - 42.9%

Frequency

0.004 - 28.6%

0.002 - 14.3%

04 7 z 0%
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Fig. 9 Results of economic analysis for the service contract
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(b) Contribution to the variance of NPV
~20% 0% 20% 40% 60% 80%
1 1 1 1

Randomness
7]
<
a
o
—
L |
>
Q
=
7]
8 Opex per barrel -3E
[%]
[e]
=
(5}
Cost recovery
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between 0 and 67.9 million US dollars; there is 5% prob-
ability that the NPV exceeds 67.9 million US dollars.

Contribution to the variance of NPV under the service
contract is shown in Fig. 9b. As shown in Fig. 9b, the
randomness of oil price has the greatest impact, OOIP
ranks second; while Opex per barrel and compensation rate
have small impacts. Under the assumed risk service con-
tract in this paper, the OG company has two kinds of
income, namely the recovered costs (Opex, Capex, and
Decom) and the compensation fee. The compensation fee is
based on the difference between the limit of cost oil and the
actual recovered cost, therefore, the more costs are recov-
ered, the lower the compensation fee obtained. Overall, the
compensation fee is a small part of the cash flows of the
OG company, therefore, it has little impact on NPV. The
impacts of oil price, OOIP and Opex per barrel are ana-
lyzed later.

4.2.2 Comparison of the impacts of oil price, OOIP,
and Opex per barrel on NPV

Oil price has a significant impact on the NPV because of
two factors. Firstly, the oil price has a direct influence on
the total revenue of the project, and is a key factor in
determining annual cash flows. Secondly, oil price is

(b) Contribution to the variance of NPV
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volatile, and has a great contribution to the variance of
NPV. OOIP also has a great influence on the NPV, and its
impact on the NPV is similar to that of oil price. However,
its impact on the annual cash flow is transmitted by the
production curve, and not as direct as oil price, thus, its
impact on the NPV is smaller than oil price’s. Opex per
barrel also influences the NPV. But as its value is small and
the variation range is narrow, its impact on the annual cash
flow is not large. Consequently, its impact on the NPV is
relatively weak.

As shown in Figs. 7b, 8b, and 9b, both oil price and
OOIP have great impacts on the NPV. In order to compare
their impacts, a bubble chart is applied to analyze the
relationship among oil price, OOIP and NPV. The bubble
charts of the three different fiscal systems are similar, and
we take the service contract as an example to analyze,
which is shown in Fig. 10a (the bubble charts of the royalty
and production share contracts are placed in Fig. 10b, c,
respectively). In order to divide the oil price and OOIP into
the high scenario and low scenario, the bubble chart is
partitioned into 4 quadrants. Quadrants I-IV represent high
oil price and high OOIP scenario, high oil price and low
OOIP scenario, low oil price and low OOIP scenario, and
low oil price and high OOIP scenario, respectively. By
comparing the bubble size of quadrants I and III, it is easy
to infer NPV has a positive relationship with both oil price
and OOIP. Meanwhile, by observing the bubble size of
quadrants II and IV, we conclude the NPV in high oil price
and low OOIP scenario is higher than the counterpart in
low oil price and high OOIP scenario, thus, it can be
inferred that the impacts of the oil price on the NPV are
greater than that of OOIP.

Both oil price and Opex per barrel have influences on
the NPV, but their relationships are different. In order to
compare their impacts, bubble charts are shown for visual
comparison. The relationship among the oil price, Opex per
barrel and the NPV of the service contract is shown in
Fig. 11a (the bubble charts of the royalty contract and the
production share contract are shown in Fig. 11b, c,
respectively). By comparing the bubble size of quadrants I
and III, it can be inferred that the positive impacts of a rise
of oil price on the NPV are apparently stronger than the
negative impacts of a rise of Opex per barrel. The results
are similar to that in the other fiscal systems, and we do not
reiterate them here.

Both OOIP and Opex per barrel have influences on the
NPV, but their relationships are different. In order to
compare their impacts, the bubble charts are shown. The
relationship among the OOIP, Opex per barrel and the NPV
of service contract is shown in Fig. 12a (the bubble charts
of the royalty contract and the production share contract are
shown in Fig. 12b, c, respectively). By comparing the
bubble size of quadrants I and III, it can be inferred that the
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(b) Royalty contract
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(c) Production contract
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Fig. 10 Relationship among NPV, OOIP and oil price of the three
contracts. Notes: Quadrant I represents the areas with high oil price
and big OOIP, Quadrant II denotes the areas with high oil price and
small OOIP, Quadrant III represents the areas with low oil price and
small OOIP, Quadrant IV denotes the areas with low oil price and big
oorp

positive impacts of the raise of OOIP on the NPV are
stronger than the negative impacts of the rise of Opex per
barrel.? The results are similar in the other fiscal systems,
we will not reiterate them here.

2 The volatility of the OOIP is assumed to be low in this paper,
therefore, its impact on the NPV is relatively weak, and the bubble
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Fig. 11 Relationship among NPV, Opex per barrel and oil price of the
three contracts. Notes: Quadrant I represents the areas with high oil
price and high Opex, Quadrant II denotes the areas with high oil price
and low Opex, Quadrant III represents the areas with low oil price and
low Opex, Quadrant IV denotes the areas with low oil price and high
Opex

Footnote 2 continued

size of quadrant I is just a little larger than that of quadrant III. Once
the volatility of OOIP is raised, OOIP’s impacts on the NPV will
obviously be enhanced.
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Fig. 12 Relationship among NPV, Opex per barrel and OOIP of the
three contracts. Notes: Quadrant I represents the areas with big OOIP
and high Opex, Quadrant II denotes the areas with big OOIP and low
Opex, Quadrant III represents the areas with small OOIP and low
Opex, Quadrant IV denotes the areas with small OOIP and high Opex

4.2.3 Decision making and NPV distribution

The probabilistic model can help decision makers
acknowledge the possible NPV distribution of a project,
which is very important for them. Traditional economic
evaluation method can only provide the decision makers
with one NPV value. In the real world with many
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uncertainties, it is very risky for the decision makers to
decide based on just one NPV estimate because it is easy to
cause deviation. Taking the service contract in this paper as
an example, the traditional economic evaluation model
indicates that the NPV of the project is 6.00 million US
dollars. However, once the risk factors are considered,
there is 45% assurance that the project NPV is less than
6.00 million US dollars. Decision makers can link the
possible NPV s with probabilities by using a probabilistic
model, which is helpful for making the right decision.
Besides, uncertain factors of the economic evaluation
model are fully considered in the probabilistic model,
therefore it is useful to avoid the possible losses caused by
the unexpected emergence of uncertain factors.

In order to assist the decision makers to make sensible
decisions, we can fit the simulation results and obtain the
fitted probabilistic curve. When making decisions, decision
makers can choose a suitable confidence level based on
their ability to cope with risks, and then obtain their VaR
according to the fitted probabilistic curve and confidence
level, and decide to invest or not based on VaR. The fitted
NPV distribution curve of the service contract is shown in
Fig. 13. The fitting result indicates that the NPV of the
service contract follows a lognormal distribution with a
mean of 244 (million US dollars), a Std of 31.8, and a
shifted domain of —232 (million US dollars), to be specific:

1 1[Inx—5.49]>
— = - 20 013
flx=232.08) = e [55]

The fitted NPV distribution curve of the royalty contract
is shown in Fig. 14. The fitting result indicates that the
NPV of the royalty contract follows an Inverse Gaussian
distribution with a mean of 367 (million US dollars), a
shape parameter of 27,656, and a shifted domain of —350
(million US dollars), to be specific:

f(x —350.01) = ,/—27267[5;'6 o (5 (30)

The fitted NPV distribution curve of the production
share contract is shown in Fig. 15. The fitting result indi-
cates that the NPV of the production share contract follows
a Weibull distribution with a shape parameter of 3.85, a
scale parameter of 150.6, and a shifted domain of —117
(million US dollars), to be specific:

385,285
C117.04) = 20
flx 04) = 344157870

Suppose that a decision maker with the service contract,
can carry 40% risk at most. Based on this probability and
the fitted distribution curve of the service contract, it can be
inferred that the probability that the NPV is less than 2.40
million US dollars is 40%, while the probability that the

(29)

e—(x/150.58)3'85 (31)
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NPV surpass 2.40 million US dollars is 60%. Therefore,
the decision maker can choose to invest in this project.

5 Conclusions and discussions

This paper applies a probabilistic model to analyze the
impacts of risk factors embedded in international OG
projects on the project’s NPV. The production curve, the
stochastic process of oil price, production costs, sales
income, and fiscal terms are first studied, thereafter tradi-
tional economic evaluation models are established based
on the studies. Later on, variables in the traditional eco-
nomic evaluation models are divided into fixed variables
and stochastic variables. As for stochastic variables, we
apply the Monte Carlo Simulation method to simulate their
randomness. Consequently, probabilistic models are set up.
Finally, this paper take an international oil project as an
example to research the NPV frequency histogram of the
project under a royalty contract, production share contract
and a service contract. Several conclusions are achieved
after these analyses:

(1) Risks have great impacts on the project values,
decision makers may bias their decision if they overlook
risks. Taking the service contract as an example, the tra-
ditional economic evaluation model indicates that the NPV
of the project is 6.00 million US dollars. However, once the
risk factors are considered, there is 45% assurance that the
project NPV is less than 6.00 million US dollars. If risks
are neglected, the actual NPV of the project may be far less
than the results of traditional economic evaluation model,
which will cause decision deviation.

(2) A simulation method is applied to simulate the
stochastic distribution of risk factors in the probabilistic
model. Therefore, probability is related to the project’s
NPV, which overcomes the inherent limitation of the tra-
ditional economic evaluation method. The traditional eco-
nomic evaluation model is based on rigid assumptions, and
can only provide one NPV. Meanwhile, a probabilistic
model can provide the NPV frequency histogram, and
overcome the intrinsic defect (namely that uncertainties are
neglected) of the traditional economic evaluation model.

(3) VaR is a straightforward risk measure tool, like in
the service contract, according to the fitted probability
density curve, it can be inferred that the probability that the
NPV is large than 2.40 million US dollars is 60%. This
straightforward index can help decision makers to decide.
Therefore, in order to assist decision making, VaR can be
applied to measure the risks of international oil and gas
projects.

In order to conduct a more precise quantitative risk
analysis of international OG projects, and to investigate the
impacts of different risk factors on the NPV of the
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international OG projects, this paper proposes a research
framework, namely the probabilistic model. Probabilistic
model is based on traditional economic evaluation models.
However, some variables are recognized as stochastic
variables, and a Monte Carlo Simulation method is applied
to simulate these variables. Therefore, the distribution of
NPV of international OG projects can be obtained. By
using VaR, the probability that the NPV exceeds a certain
threshold value can be estimated. The results can help
decision makers to acknowledge the risks of the interna-
tional OG projects. Compared with previous studies, this
paper provides a standard analysis framework which other
scholars can use when they conduct a risk analysis of
international OG projects. For example, although the sim-
ulation method is applied in the economic evaluation
process of OG projects, there is no consensus about what
kind of risks are embedded in the international OG pro-
jects. With reference to previous studies, we propose that
resources risks, economic risks and policy risks need to be
considered. Besides, VaR is introduced to the probabilistic
model, which provides a new method for the risk mea-
surement of international OG projects.

The case study is used to illustrate how to use a prob-
abilistic model. Therefore, when other scholars use the
probabilistic model, they can change the assumptions
according to the information of their projects. For example,
if the project is not a new project, we can use the pro-
duction curve and some other information, such as the
years of production, to calculate the production for each
year. The shortcoming of this paper is that some assump-
tions are rough, such as OOIP. With reference to Jakobsson
et al. (2012), we assume that it follows a lognormal dis-
tribution. However, OOIP is a very complicated resource
indicator, it is decided by many factors, such as the degree
of porosity, block size, the effective thickness of reservoirs
and so on. Although different experts may have different
assumptions about the distribution of OOIP, they have a
consensus that OOIP is a stochastic variable. Therefore,
when using the probabilistic model to conduct a risk
analysis of international OG projects, experts change
assumptions based on the reality of their projects and their
experience.
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