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Abstract. Screening of overseas upstream oil and gas venture is a multi-
attribute decision-making issue. In view of the shortcomings of insufficient
existing evaluation indicators especially without integrating environmental
aspects, artificial dependency for determining subjective and objective prefer-
ences in weights calculation, and low resolution and the resulting difficult
decision-making due to inability of existing models to deal with the relationship
between distance and curve similarity, an evaluation indicators system and an
improved multi-attribute decision-making workflow for overseas oil and gas
venture were proposed. Firstly, classification criterions were determined quan-
titatively based on probability distribution of different types of data from 630
overseas oil and gas venture. Pearson correlation coefficient and principal
component analysis were then used to eliminate redundant indicators, and final
comprehensive indicator system were established fully reflecting technology,
economy, commercial strategy and environment risk aspects of overseas oil and
gas venture. Secondly, minimum discriminant information principle was intro-
duced to quantitatively calculate comprehensive weights representing subjective
and objective impacts. Thirdly, the relationship between distance and curve
similarity of decision-making models were reasonably expressed by introducing
a preference coefficient, a distance function equation for quantitatively calcu-
lating the preference coefficient was derived, and candidate schemes were
projected to ideal schemes through the principle of vector projection, thereby a
new derived parameter called comprehensive proximity projection coefficient
was given to reflect the quality of an oil and gas venture, which was finally
integrated with three quantitative or semi-quantitative models derived from
classical fuzzy multi-attribute to form the overall screening workflow. The
feasibility and validity are verified by actual data from overseas projects.
Compared with existing methods, evaluation indicators of new method is more
comprehensive, taking into account subjective and objective effects in both
decision-making model and weight, as well as the resulting more comprehensive
and flexible decision-making rules and more reasonable weight, with fast speed
and higher resolution, and therefore more suitable for comprehensive screening
and decision-making of overseas oil and gas venture.
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1 Background

Overseas oil and gas assets evaluation is an important aspect of business development
of oil companies, and is a multi-disciplinary, comprehensive and time-sensitive busi-
ness loop of technology, economy and strategy. In order to seize fleeting investment
opportunities in the complex and changeable international investment environment, it is
often necessary for the evaluators to not only take into account factors of technology,
economy, business strategy and environmental risk, but also to help the leadership to
make a quick decision to buy or abandon. In addition, overseas assets are widely
distributed and of various types, thus evaluation process has greater uncertainties and
risks. The traditional technology economic evaluation method at present is to conduct a
systematic appraisal of assets from five aspects: geological, reservoir engineering,
drilling, facility and economic evaluation [1], final economic indicators such as dis-
counted cash flow (NPV) and internal rate of return (IRR) are generally used for
decision-making, which require long cycle, large workload and impossible to quantify
uncertainty and risk. To meet needs of comprehensive and rapid decision-making,
another kind of method, known as multi-attribute decision-making method, can solve
this issue by synthetically considering multiple attributes of multiple assets at a time
and sorting them through an aggregate indicator. Up to now, there are many widely
used methods of this type, but without exception, these methods still have some lim-
itations, such as mathematical grading method [2] is more qualitative and subjective;
utility function of utility theory [3] is difficult to determine and largely depend on
decision-makers’ preference; decision rules of rough set [4] are unstable and attribute
reduction, one of the important procedure, is difficult to solve; information entropy [5]
uses “entropy” to measure information amount contained in variables, with strong
sample dependence, often ignoring subjective intentions of decision makers, and is not
flexible enough; Technique for Order Preference by Similarity to Ideal Solution
(TOPSIS) [6] can reflect total similarity degree of alternatives and ideal scheme, but it
cannot reflect the difference between the changing trend of each factor and the ideal
scheme. Grey Relational Analysis (GRA) [7, 8] judges the correlation degree between
indicators by curve similarity, but selection of reference sequence and resolution
coefficient often leads to great difference in correlation degree, and slightly deficient on
overall evaluation of the scheme. In view of uncertainties and fuzziness of overseas oil
and gas assets [2, 9, 10], application is mainly based on fuzzy decision-making [11].
The common methods are: Comprehensive Decision Queuing and IHS Global Win-
dow. Comprehensive Decision Queuing is actually based on Analytic Hierarchical
Process (AHP) to determine the weight and then weighted grey relational degree to
rank multiple assets, and widely used in the rapid screening and evaluation of overseas
projects in the five major cooperation zones of CNPC. Global Window is a more
commonly used tool for global asset strategy screening developed by IHS, a well-
known international oil and gas consulting agency, which covers 460 global asset data,
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a built-in screening tool and database continually updated by powerful team of oil and
gas evaluation experts, so decision results have a certain reliability. However, there are
still some shortcomings in the application of these two tools: (1) evaluation indicators
are not enough and spurious, mainly focusing on technical and economic indicators,
ignoring subjectively political, fiscal and environmental risk of resource countries [9,
10], and especially redundancy of factors; (2) decision-making methods cannot rep-
resent the relationship between distance and curve similarity well, which results in low
resolution and difficulty in decision-making; and (3) weight calculation has strong
artificiality in dealing with subjective and objective preferences, lack of theoretical
basis. In view of the above shortcomings, an comprehensive evaluation indicator
system with additionally reflecting subjective and environmental risks is constructed,
thereby an improved multi-attribute decision-making method is established, which can
rapidly screen out subsets from a large number of assets before carrying out traditional
time-consuming evaluation, further rank assets already systematically assessed, and
effectively reduce evaluation cost, providing an effective means to avoid risks and
quickly identify high-quality assets.

2 Evaluation Indicator System of Overseas Oil
and Gas Assets

2.1 Primary Indicator

A good new overseas oil and gas asset should not only have abundant resources, good
exploitation conditions and low cost, but also have superior financial taxation system
and investment environment in the resource country where the asset is located. The
advantages and disadvantages of an oil and gas asset project are a complex of the
underground condition of oil and gas resources quality, capital expenditure of explo-
ration and development, and the aboveground condition of national financial and
taxation, economy, policy and environmental index of the assets. The procedure to
determine preliminary indicator system is as following, Taking historically assessed
630 overseas oil and gas evaluation assets as samples, analyzing objective and sub-
jective factors of these projects to find the most influential ones, referring to the
experience of internal expert and IHS database, 26 indicators are preliminarily selected
for further screen and evaluation, as shown in Table 1.

Table 1. Detailed description of 26 primary indicators

No. | Names Category | Type | Description
P, | Resource quality Under | Benefit | Key geological (oil API, porosity,
ground permeability, etc.) & geophysical factors

which are necessary to indicate the potential
for commercially exploitable hydrocarbons
P, | 2P reserves Under Benefit | Remaining 2P reserves from currently
ground assets from entry to end of contract

(continued)
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Table 1. (continued)

No. | Names Category | Type | Description
P5 | Resources Under Benefit | The scale of the future opportunity,
ground contingent and prospective resources
P, | Oil/gas production Under Benefit | Future productivity or production in the
ground current year (i.e. the 1st year of acquisition)
Ps | Full exploration cost | Under Cost | Total exploration and appraisal investment
ground necessary from entry to point of
development sanction
Pg | Entrance fee Under Cost | Investment necessary to acquire or win a
ground concession and carry out a minimum work
program
P; | CAPEX Under Cost | The cost of facilities, development drilling
ground and local development infrastructure. In the
case of no data, analogues could be sought
Pg | OPEX Under Cost | The cost of operational maintenance,
ground repairs and field administration. It also
includes any tariffs arising from utilization
of main export infrastructure and any
leasing costs for facilities (FPSO). use
analogues if no data
Py | Acquisition price Under Cost | Contractor NPV (10%) divided by
ground contractor sales barrels
Py | Facility quality Under Benefit | Scoring based on an assessment of likely
ground facility condition and integrity (i.e. the
condition of an export pipeline or tanker
storage and shipping on which a tariff will
be paid) during all its economic life
Py, | Abandonment fee Under Cost | The scale, potential technical difficulty and
ground cost of a typical field abandonment
Py, | Exploration and Under Benefit | [OR; EOR; Re-development;
development potential | ground Rehabilitation; infill drilling;
recompletions; workovers
P13 | Success rate for Under Benefit | Chance of making discoveries with
discovery ground resources in the estimated model volume
range
P4 | Assets availability Above | Benefit | The ease (or otherwise) of access to an asset
ground in order to secure license/concession(s) on
which to carry out an E&A program with
the aim of discovering oil and gas
P;5 | Operation environment | Above | Benefit | The physical environment of the asset. This
ground impact can affect production activities in
terms of additional cost, time or
manpower/management resources
P16 | Business environment | Above | Benefit | The impact of undertaking business and
ground cultural environment of the asset country,

include regulatory environment, ease of
access to supplies, corruption, security etc.

(continued)
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Table 1. (continued)
No. | Names Category | Type | Description
P7 | Competitive Above | Benefit | Advantages the company might have that
advantage/disadvantage | ground can leverage exploitation entry/access to
producing fields
Pg | Potential for strategic | Above | Benefit | Scale of E&P activities or domestic energy
upside ground market, in-country relationships
P19 | Political/fiscal risk Above |Cost | Political stability, importance of
ground hydrocarbon export revenues in country,
social tensions (under-employment, etc.),
local or regional conflicts; fiscal stability,
response to changing global conditions
(hyper-inflation, domestic market
requirements)
P>y | Monetization risk Above |Cost | Any risk to export or profit, infrastructure
ground capacity to permit export, capital export
taxes, hard currency, etc.
P5; | Incumbent company Above | Benefit | The ‘player mix’ of existing asset
profile ground owners/contractors. Aspects affecting
entry/access are the number, nature and
diversity of the existing players, and an
assessment of their corporate cultures in
respect of active portfolio management
P, | Entrenched operators | Above | Benefit | An assessment of to what extent the current
ground operators of producing asset are
“entrenched” and therefore unlikely to yield
the operatorship to a new entrant
P,3 | Government attitude Above | Benefit | The extent to which the government either
ground facilitates or impedes producing asset
transfers between existing asset owners and
aspiring acquirers
P, | Deal flow Above | Benefit | Qualitative view of the number of
ground transactions involving producing assets in
recent years relative to the amount of
opportunities
P55 | Net profit per barrel Above | Benefit | Cumulative net present value divided by 2P
ground reserve
Py | Time to payback Above |Cost | The time required for total revenue to reach
ground total investment

The preliminary indicators comprehensively consider subjective and objective
aspects of an oil and gas asset, divided into Under Ground and Above Ground 2
categories. Under Ground represents subsurface technical and cost aspects, while
Above Ground shows the economic profits and business strategy aspects, covering the
whole life cycle from exploration, development, operation, to final abandonment,
which can fully reflect the opportunity and risk of assets.



Evaluation Indicators System and Improved Multi-attribute Decision-Making Model 1833

It is worth noting that when used in the rapid screening or opportunities evaluation
stage of a new project before the systematically technical economic evaluation have
been done, there are usually few data available, even no information for some indicator,
commercial databases such as Wood Mackenzie, IHS and C&C is recommended to be
used to sort out the required 26 required indicators by analogy to the assets with same
attributes. When used in further optimization of projects that had been systematically
evaluated, actual physical data can be directly used for preliminary indicators.

2.2 Classification Criteria

For qualitative indicators, expert judgment is used to set the evaluation set as “ex-
cellent”, “good”, “general”, “bad” and “poor”. In order to avoid the influence of O
values on statistical analysis, the minimum value of evaluation is set to 0.2. For benefit-
oriented indicators, they are assigned 1, 0.8, 0.6, 0.4, and 0.2 in turn; for cost-oriented
indicators, they are assigned 0.2, 0.4, 0.6, 0.8 and 1.

For quantitative indicators, classification criteria of indicators are determined as
follows: (1) Defining 5 grade indicators [12]; (2) Analyzing the probability distribution
of 26 evaluation indicators for 630 projects; (3) Determining the upper and lower
bounds for each grade of 4 types of probability distribution, basic principle is as
follows: (D choosing i — o, it — 6/2, u + /2, u + o as reference point for normal
distribution; @ choosing 15%, 30%, 70%, 85% of cumulative probability for “First
Rise Then Fall” type distribution; ©) choosing 10%, 30%, 60%, 80% of cumulative
probability for “Declining” type distribution; @ choosing 20%, 40%, 60%, 80% of
cumulative probability for Uniform distribution, as shown in Fig. 1.
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Fig. 1. Classification method for 4 types of probability distribution of evaluation indicators

Taking “2P Reserves” as an example, it shows a nearly normal distribution with a
wide range, sample points are mainly distributed in 10-90 MMboe, accounting for 52%
of total samples. According to the normal distribution mean and standard deviation, the
grade of 2P Reserves is determined to be 5 classes, [0, 10), [10, 30), [30, 90), [90, 185)
and larger than 185 MMboe. Finally, all the classification criteria for 26 primary
indicators are shown in Table 2.
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Table 2. Classification criteria for primary indicators

No. | Indicators Unit Classification and range
1 2 3 4 5
P, | Resource quality / Poor Bad Medium Good Excellent
P, | 2P reserves MMboe | [0, 10) | [10, 30) [30, 90) [90, 185) > 185
P; | Resources MMboe | [0, 250) | [250, 1000) | [1000, 2500) | [2500, 7500) | > 7500
P, | Oil/gas production kbbl/d | [0, 5) [5, 10) [10, 50) [50, 100) >100
Ps | Full exploration cost $/boe >14 [9.5, 14) [5.5,9.5) [3,5.5) [0, 3)
Pg | Entrance fee $SMM >240 |[150, 240) |[72, 150) [44, 72) [0, 44)
P; | CAPEX $/boe >19 [13.5,19) |[8.5, 13.5) [5, 8.5) [0, 5)
Pg | OPEX $/boe >45 [25, 45) [8, 25) [5, 8) [0, 5)
Py | Acquisition price $/boe >25 [15, 25) [8, 15) [4, 8) [0, 4)
Py | Facility quality / Poor Bad Medium Good Excellent
P, | Abandonment fee / Poor Bad Medium Good Excellent
Py, | ED potential / Poor Bad Medium Good Excellent
Py3 | Success rate for / >10 [7, 10) [5,7) [4,5) [0, 4)
discovery
P14 | Assets availability / Poor Bad Medium Good Excellent
P,5 | Operation environment |/ Poor Bad Medium Good Excellent
P | Business Environment / Poor Bad Medium Good Excellent
P,; | Pros and cons of / Poor Bad Medium Good Excellent
company
P,g | Potential for strategic / Poor Bad Medium Good Excellent
upside
P,y | Political/fiscal risk / Poor Bad Medium Good Excellent
P> | Monetization risk / Poor Bad Medium Good Excellent
P,; | Incumbent company / Poor Bad Medium Good Excellent
profile
Py, | Entrenched operators / Poor Bad Medium Good Excellent
P>3 | Government attitude / Poor Bad Medium Good Excellent
P>, | Deal flow / Poor Bad Medium Good Excellent
P, | Net profit per barrel $/boe [0, 5) [5, 10) [10, 15) [15, 20) >20
Py | Time to payback Year >25 [18, 25) [12, 18) [6.5, 12) [0, 6.5)

2.3 Correlation Analysis and Principal Component Analysis

The range of primary indicators is wide and there may have structure similarities
between some indicators, which lead to extra computational cost and statistical accu-
racy decrease. In order to select better independent indicators and improve statistical
analysis, correlation coefficient is used to consider the interaction between the indi-
cators. Pearson correlation coefficient is calculated used as the distance measure of the
indicators, and the similarity matrix is built to reflect correlation of indicators, in our
approach, the threshold value of Pearson correlation coefficient is set at 0.8. Applying
the method to all 26 indicators, 8 derivative indicators are finally determined to
eliminate and can be explained as follows: Resource Quality (P;) of an asset are
reflected in the 2P remaining reserves (P,), Full Exploration Cost (Ps) and
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Abandonment Fee (P;;) can be covered by Entrance Fee (Pg), Exploration and
Development Potential (P,) can be reflected in Resources (P3), overall Business
environment (P;¢s) can be used to replace the redundant 3 indicators of Potential for
Strategic Upside (P;g), Incuambent Company Profile (P5), Entrenched Operators (P»,);
and Government Attitude towards trade (P»3) can be replaced by Deal Flow (P,4).
Further to validate the conclusion drawn by Correlation Analysis, Principal
Component Analysis (PCA) [13] is applied to both primary 26 indicators and 18
indicators after Correlation Analysis to analyze the variance and redundancy. The
threshold of eigenvalue and cumulative contribution of variance is set to 0.75 and 90%,
respectively. Figure 2 shows the plot of eigenvalue varying with principle components
by PCA, 18 indicators after Correlation Analysis satisfy independent conditions, that is,
all eigenvalues are greater than 0.75 and cumulative contribution of variance is greater
than 95%. In addition, eigenvalues of the 18 indicators are all larger than that of
primary 26 indicators, which indicates that information amount embodied in each
indicator has increased, so the procedure is reasonable. Finally, a comprehensive
evaluation indicator system consisting of 18 indicators is determined shown in Fig. 3.
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Fig. 2. Eigenvalues of principal Fig. 3. Indicator of overseas oil and gas assets
components

3 Improved Multi-attribute Decision Making Method

3.1 Modified TOPSIS-GRA Based Vector Projection Decision Method
(T-GRA-Pro)

Different decision methods are developed based on different rules. In order to improve
the comprehensiveness of decision rules, this paper introduces preference coefficient to
combine two slightly different decision rules of TOPSIS and GRA to integrate distance
and curve shape similarity between samples, and establishes a new multi-attribute
hybrid decision making method (T-GRA-Pro) based on the principle of vector pro-
jection [14]. In our approach, the positive and negative ideal solutions calculated by the
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modified TOPSIS with vertical distance improvement [6] are used as the reference
sequence, and modified gray correlation coefficient between the candidate and positive
and negative ideal solutions is calculated.

minmin A, G4 pmax max A" )
P I R R B (1)
! A;H + p max max A;H
i

Where f; , §; denotes the gray correlation coefficient between the candidate and

the positive, the negative ideal solutions, respectively; Ai; = ;

Yi— Y

n n
yj+ = ZISJ’-’ X tj, ¥ = EISJ’-’ X (54]’ — t,;) denotes, respectively, vertical distance
i= i=
between the candidate and the positive and negative ideal solutions; S;’ denotes the
negative ideal solution after coordinate transformation; #; denotes the weighted deci-
sion matrix [6]. The smaller y;" is, the closer the candidate is to the ideal solution.
Meanwhile, resolution coefficient p is an important parameter affecting final gray
correlation ranking result. In general, p is set to 0.5 according to experience, which
often leads to little difference of correlation degree between different decision schemes
and difficult to make decision [15]. In order to obtain better resolution, the following
formula is recommended to dynamically adjust p:

5 > 3
L5e(j) < p(j) <26(j) 5 <3 @)

Where, ¢(j) = ma#jglx%; A(j) = %;Ag, j=1,2,...,m. The resolution coef-

ficient p in (2) is a dynamic value, and the resolution can be effectively improved
depending on the influence on each comparison point, so the result is more realistic.

Finally, a preference coefficient is introduced to combine all these to achieve a
reasonable decision taking into account distance and curve shape, and then compre-
hensive closeness coefficient representing proximity of the candidate to the ideal is
obtained in the following:

+(=) _ +(-)
o foc~<fij +p-

v =y | (3)

Here, cij and c;; respectively represent comprehensive closeness coefficient of the
positive and negative ideal solutions; w; represents the weight of the j th index, j = 1, 2,
.om;i=1,2, ..., n; a, p are preference coefficients reflecting the preference of
decision-makers for distance and curve shape, respectively. In order to make the dif-
ference between distance similarity and curve similarity consistent with the selected
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preference coefficient, vertical plane distance D with the gray relation degree should be
equal to the difference between the two preference coefficients, thereby constructing the
following equations:

2
n iwji;
D= |Y -—5
= max (Z Wit > (4)
1 ] 1
D? = (a— )’
at+p=1

. m n 2 m 2
min{ /> w; (y, —Y; ) SowiES
j=1

1 N 1 | & ! =1
o= — — _
2 2 =1 m 2 m ’
S wi(vi =) max | 35 wic;
j=1 ! J=1
(5)
m 2 m :
min |\ /3 w; (yij -y ) Sowily
1 1 ! j=1 i=1
272

=1 m n 2 m n
2%‘(%7 — ) max { 2wy
= Jj=

According to vector projection principle [14], each candidate can be regarded as a
row vector, and angle 0; between candidate A; and the ideal one A* is called projection
angle. The length of A; is called modulus d;. A projection D;, representing the con-
sistency between the candidates with the ideal solution, is defined as the product of cos
0; and the modulus d;. The larger D; represents more consistent relationship of the
candidate with the ideal solution.

m
ZWJCU wj

AAY

D;=d;-cosl,=d; - —————
A - A~

WJCU

m

i—1 m
~ Z chu ) ZW

j=1




1838  C. Yang et al.

In order to ensure that the best candidate is closest to positive ideal solution and far
away from negative ideal solution, it is easy to get the comprehensive close projection
coefficient E;.

2
__ b
Di+2 +D1_2

(7)

i

Where, D;" and D; are the projection of the positive and negative ideal schemes,
respectively.

As seen from Eq. (6), the weight w; is remarkably different as indicators. Specif-
ically, it can include two aspects: subjective aspect, reflecting the empirical judgment of
decision-maker on the indicator; objective aspect, reflecting the usefulness of infor-
mation quantity of the indicator. The weights used in existing methods are either based
on experience (subjective weights) or by statistical analysis (objective weights), often
failing to comprehensively reflect the actual influence of indicators.

3.2 Comprehensive Weighting Method Based on Minimum
Discriminating Information

In order to simultaneously reflect subjective experience and objective statistics of
sample data, minimum discriminating information (MDI) in information theory [16] is
introduced to construct comprehensive weights. In our approach, subjective weight A is
calculated by the 3-scale AHP [17] and least squares method [18] and objective weight
1 is determined by PCA, then a comprehensive weight w is calculated according to
MDI. The cost function of minimizing the identification information is established, so
comprehensive weight w; is as close as possible to 4; and #;, as shown in the following.

min F = ij[ln%} + ij[ln%}
=1 = !

(8)

m
st Yy owi=1; w;>0
=1

Apparently, finding optimal w; is a conditional optimization problem. The general
solution to this problem is to construct a Lagrangian function (change to unconstrained
optimization problem) using the Lagrange multiplier method:

min G(wj, K) = ij [ln%] + ij lln% +K<l - ZWJ) 9)
J j=1 J j=1

Jj=1
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It is easy to derive comprehensive weights:

Wy = (10)

In addition, comprehensive weight w; can effectively eliminate the adverse effects
caused by the correlation between indicators because of PCA used. Therefore, com-
prehensive weights can comprehensively measure the importance of various indicators
of overseas oil and gas assets.

Finally, comprehensive close projection coefficient E = {E;, E,, ..., E,} can be
obtained by (3), (7) and (10). The larger E; implies the better candidate i.

4 Workflow

Up to now, comprehensive decision-making indicator system has been constructed, and
a new multi-attribute hybrid decision-making method (T-GRA-Pro) has been estab-
lished. On the basis of this, four quantitative or semi-quantitative decision-making
models as follows.

Model 1 (M1). A comprehensive closeness projection coefficient E derived by T-
GRA-Pro, is the main model used in this paper for quantitative screening candidates.

Model 2 (M2). Derived from classic fuzzy [11], called comprehensive score matrix S,
used as an auxiliary model to qualitatively determine the risk of the project.

m m m
DUWiZL Do WiZyp e D Wiy
g (W-zZ\_ | =1 =1 1
- w' .7 - m m m ( )
DWW >owiz,
: o 32 Jenj
Jj=1 Jj=1 j=1

Here, S is a 2 x n matrix, and the first and second rows of vectors respectively
represent the comprehensive value of the underground and above-ground indicators to
be evaluated, respectively; W and W' are the comprehensive weight vectors of the
underground and above-ground indicators, respectively; Z and Z' are the judgment
matrices of underground and above-ground indicators; n denotes overseas assets
number to be evaluated, and each asset has m evaluation indicators.
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Model 3 (M3). The distance-based measurement using multidimensional space
Euclidean distance formula, as an auxiliary model can achieve quantitative analogy
with reference assets, reflects the pros and cons of an asset. The larger the L;, the larger
the comprehensive value of the underground and the ground, and the higher the quality
of the project.

2 2
L= (Z WjZ,’j) + (Z W;Zi,) (12)
J=1

Model 4 (M4). Sensitivity impact matrix, can visually reveal the sensitivity of each
indicator to each asset, and help to analyze the commonalities and differences of
various assets.

w1211 Wiz21 ... WiZal
WimZim  Wmem -+ WmZnm
R= w7 w7 wha (13)
1411 121 - 1Zn1
!’ !’ !’
Wikim WmZom -+ Wilnm

Implementation of Decision Model M1

(1) Change indicators to be dimensionless by vector normalization method [19];

(2) Construct normalized matrix Y, and coordinate origin is moved to the ideal
solution by the coordinate transformation, calculate positive ideal solution S* and
negative ideal solution S .

(3) Obtain vertical distance of each candidate to both positive ideal and negative ideal
solution.

(4) Calculate gray correlation coefficient 5,-;7 , g’i; through (1) and (2);

(5) Compute preference coefficients o and f§ according to (5)

(6) Compute comprehensive closeness coefficient C;; according to (4);

(7) Calculate comprehensive weight w according to (10);

(8) Calculate positive and negative projection of each candidate D;*, D; by (6), and
approximate the final comprehensive closeness projection coefficient E by (7).

The same procedure can be applied to M2, M3 and M4.
The overall workflow for assets screening and ranking is proposed as shown in
Fig. 4.
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Fig. 4. Overall workflow for overseas oil and gas assets screening

5 Application and Discussion

Taking 5 overseas typical oil and gas assets evaluated by CNPC as an example (de-
noted by A, B, C, D, and E) to apply and verify the new method, the detailed data are
listed in Table 3. Among which A, B, and C are assets in exploration, D, E are
developed assets, covering two types of contracts (mining tax, product sharing), dif-
ferent development stages (to be developed, developing in the middle and late period),
lithology (sandstone, carbonate rock) and water depth (A, B are Ultra Deep water, C,
D, E are shallow water). The 5 assets have already experienced systematic technical
economic evaluation, the data and conclusions are thought to be reliable through
repeatedly test by experts at all levels. Through a comparative study of key indicators
from five aspects: geological resource quality, reservoir physical properties, production
profile, offshore investment, and contract terms and economic benefits, finally the
comprehensive order of the projects is determined as D, E, B, A, C mainly based on
economic indicators. In order to facilitate the application of the new method, the
corresponding codes are compiled in VBA language, and the tabular data can be
quickly invoked to implement rapid screening of 5 assets. Finally, Comparison with the
3 existing tool (traditional technical economic evaluation, Comprehensive decision
queuing, and Global Window Platform is analyzed.
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Table 3. Indicators list of overseas 5 offshore oil and gas assets

No. | Indicators Type |Units |A B C D |E

1 2P reserves Benefit | MMboe | 15400 | 1422 | 4454 | 200 | 320
2 | Resources Benefit | MMboe | 5000 |2091 | 2000 | 500 | 200
3 | Oil/gas production Benefit | boe/d | 2.5 19 |3 15.21.73
4 | Entrance fee Cost |[$MM 730 |315 |240 |30 |40
5 |CAPEX Cost | $/boe | 18.87 |1.75 |4.54 1 0.95|3.83
6 | OPEX Cost |$/boe |14.7 199 |17 |9.8 |21
7 | Acquisition price Cost | $/boe |8.1 27.5 |21.1 |52 |10.1
8 | Facility quality Benefit | / 5 4 2 4 3

9 | Success rate for discovery | Benefit |/ 3 3 3 3 3
10 | Assets availability Benefit |/ 5 5 5 5 5
11 | Operation environment Benefit | / 2 2 3 2 5
12 | Business environment Benefit | / 2 2 3 2 3
13 | Pros and cons of company | Benefit | / 4 4 3 3 3
14 | Political/fiscal risk Cost |/ 3 3 4 1 2
15 | Monetization risk Cost |/ 2 2 3 3 3
16 | Deal flow Benefit | / 3 3 2 3 3
17 | Net profit per barrel Benefit | $/boe |3 3 0.05 |10 |7.7
18 | Time to payback Cost | year 14 8 20 |2 3

5.1 Comprehensive Closeness Projection Coefficient (M1)

Applying the procedure in Sect. 4, and implement indicators normalization [19], we
can obtain dynamic resolution coefficient p, preference coefficients « = 0.46, = 0.54
calculated according to (5), the final comprehensive weight w and comprehensive
closeness coefficient C.

0.3769 0.071 0.4470 0.4927 0.4600 0.4317 0.4377 0.4000 0.4600 0.4650 0.4012 0.3991
0.1822 0.063 0.4600 0.3928 0.3672 0.3764 0.3451 0.4191 0.4075 0.4600 0.4038 0.3984
0.0797 0.069 0.3935 0.4600 0.2548 0.2693 0.4137 0.3175 0.3140 0.4600 0.3705 0.3161
0.4660 0.050 0.5207 0.5274 0.4600 0.4441 0.5192 0.4404  0.4600 0.4567 0.3984 0.4366
0.9543 0.008 0.8043  0.8670 0.4600 0.5650 0.5901 0.4848 0.4600 0.8546 0.6842 0.6554
0.3204 0.063 0.4600 0.4266 0.4492 0.4089 0.4177 0.4189 0.3980 0.4600 0.3841 0.3847
0.3707 0.107 0.6973  0.4600 0.4527 0.4225 0.4250 0.4600 0.8341 0.8276 0.7685 0.7353
0.4497 0.009 0.5109 0.4600 0.4994 0.4461 0.5754 0.4400 0.5753 0.4431 0.5548 0.4600
0.2914 . 0.034 + 0.4448 0.4600 0.5299 0.4271 0.4507 - 0.6367 0.6445 0.4600 0.5132 0.6399
=1 o624 [T | 0.044 | G = 0.3271  0.3271 0.2689 0.2498 0.4600 |’ Gy = 0.2835 0.2835 0.3600 0.4600 0.2498
0.1888 0.038 0.3676 0.4600 0.3762 0.3879 0.3493 0.4600 0.4053 0.3906 0.3930 0.3944
0.3279 0.037 0.4173  0.4656 0.4600 0.4206 0.4103 0.4001 0.4600 0.4546 0.4002 0.4064
0.1204 0.056 0.3522  0.4600 0.2982 0.3072 0.3649 0.3353  0.3305 0.4600 0.3641 0.3334
0.1097 0.034 0.4600 0.2877 0.3397 0.2921 0.4347 0.3192  0.4600 0.3297 0.3884 0.3197
0.1783 0.056 0.3829 0.3444 0.3444 0.4600 0.3467 0.3399  0.3629 0.3629 0.3441 0.4600
0.3099 0.039 0.4153  0.4600 0.4381 0.4103 0.4044 0.3844  0.4004 0.4600 0.3749 0.3673
0.3988 0.127 0.4456  0.5292  0.4600 0.4391 0.4492 0.4369 0.4600 0.5257 0.4437 0.4342

0.4814 0.095 0.4788 0.4600 0.6591 0.5071 0.4439 0.5848 0.7279 0.4600 0.5511 0.6759
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Using (6), (7) and comprehensive weight w, then projection coefficient D and the
final projection coefficient E are calculated as follows.

D =(0.7929 0.8103 0.5292 0.9856 0.8717)
D; =(0.8733 0.7428 0.9823 0.5800 0.6205)

1

E=1(04519 0.5434 0.2249 0.7428 0.6637 )

It can be seen from matrix E that the difference of each element is obvious, so the
resolution is enough higher, which indicates that the sensitivity of the new method is
higher and the resolving power of the model can be improved. According to E, the
ranking of these 5 projects can be easily determined, D, E, B, A, C.

5.2 Comprehensive Score Matrix (M2)

The specific application of M2 model is usually based on the Boston map. Taking the
score of the above-ground indicators as X, and the score of the underground indicators
as Y, by (11), the whole 2D region is divided into four quadrants by the reference
above-ground and underground score (3 used in our approach) to form the Boston
map. In the first quadrant, both above-ground and underground risk is low, indicating
better assets conditions, which is strategic preferred target area; The second quadrant
shows high risk aboveground risk and low underground risk, so choice for these assets
may be strategically careful, especially environmental risks; In the third quadrant,
above-ground and underground risks are both higher, active avoidance for assets to be
evaluated or divestment for existing project should be taken; In the fourth quadrant has
low aboveground risk but high underground risk, so the feasibility should be carefully
verified especially from a technical perspective. Using the location of the asset in the
Boston map, the risk can be qualitatively determined and analogy can be achieved.

According to (10) and (11), weights and comprehensive score of underground and
above-ground indicators of these 5 assets are: A (2.8, 3.38), B (2.82, 3.46), C (2.65,
3.5), D (3.3, 3.75), E (3.25, 3.5), respectively. Figure 5 visually shows the location of
each asset in the 2D Boston map.
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Subjective Weight iy - A Low Under Ground risk I Low Under Ground risk S —> /];
o : e o
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Objective Weight G ......................................
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Fig. 5. Location of 5 overseas assets in the Boston map based on comprehensive weight
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As shown in Fig. 5, asset D and E are in the first quadrant of the Boston map,
which is a strategic priority project, above-ground and underground risks are relatively
low; A, B, C assets are in the second quadrant, above ground risk is high, these assets
has a high environmental risk, corresponding strategy should be cautious, intuitively
judge the risk of 2 development assets D, E is much smaller than 3 exploration assets
A, B, C, but the quantitative measurement of advantages and disadvantages of assets in
the same quadrant cannot be determined.

In addition, by comparing with the reference positions representing the average
level of assets of the same oil and gas system and the same fiscal and taxation terms
with the 5 candidates (A’, B’, C’, D', E’), Fig. 5 shows that the comprehensive values of
the 2 development assets to be evaluated were higher than the reference position,
especially E changed the most, and the underground risk was much lower than the
average level, indicating that the 2 assets are better than the average level. In contrary,
the 3 exploration assets are generally slightly worse than the average level of similar
asset portfolios. Although the underground risks of the 3 exploration assets have been
reduced, the above-ground conditions have become unclear, resulting in a slightly
worse.

5.3 Distance-Based Measurement (M3)

Table 4 shows a distance-based measurement calculated by (12). It is worth noting that
although the pros and cons of assets can be qualitatively and intuitively determined
according to comprehensive score matrix (M2), the quantitative ranking cannot be
generally obtained, so Generally, a distance-based measurement (M3) are established
as the criteria for quantitative comparison of the candidate and the reference assets from
same region and same resource type. According to the distance-based measurement, a
final ranking for 5 assets to be evaluated is D, E, A, B, C.

Table 4. Comparison between Assets to be evaluated and Reference Assets

Assets to be evaluated Reference assets
Locations | Comprehensive | Distance-based | Locations | Comprehensive | Distance-based
score measurement score measurement

A (2.8, 3.38) 44 A’ (3, 3.02) 4.3

B (2.82, 3.46) 4.5 B’ (3.16, 3.2) 4.5

C (2.56, 3.5) 4.3 C’ (2.96, 2.55) 39

D (3.3, 3.75) 5 D’ (3.1, 3.65) 4.8

E (3.25, 3.5) 4.8 E’ (3.06, 2.8) 42

5.4 Sensitivity Impact Matrix (M4)

According to (13), the sensitivity impact matrix of 18 evaluation indicators of 5 pro-
jects can be calculated, which can visually show the sensitivity of each indicators to the
asset, reveal the commonality and particularity of the asset. Assume that when the
sensitivity impact value of an indicator is located at 4-5, indicating that the indicator
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has a greater impact on the risk-benefit assessment of an asset to be evaluated, the
corresponding indicator can be very concerned about the indicator; similarly, when the
sensitivity impact value ranges 3—4, indicating that the impact is moderate, suggesting
you can pay some attention to the indicator; when the sensitivity impact value is less
than 3, indicating that the impact is low, it is not necessary to pay much attention to it
(see Fig. 6).

2P Reserves

1
2 Resources
3 Oil/ Gas Production
4 Entrance Fee

li'w:e? (1’;03":1 5 CAPEX 45

echnical os i iori
6 OPEX High Priority
7 Acquisition Price
8  Facility Quality 3~4
) Moderate Priority
9 Success Rate for Discovery
S 1~3

10 Assets Availability Low Priority

11 Operation Environment
12 Business Environment
13 Pros and Cons of Company

Above Ground |\ b G Fiscal Risk

Business &Strategy
Monetization Risk

16 Deal Flow
17 Net Profit per barrel
18  Time to Payback

Fig. 6. Impact matrix values and impact matrix of each evaluation index

As can be seen from Fig. 6, the 3 exploration assets focus on subsurface conditions
such as reserves and prospect potential, emphasizing the importance of the success rate
of commercial discovery and concern for monetization risks; while the 2 development
assets focus on the remaining reserves and infrastructure quality issues. Emphasize the
company’s competitive advantage over other competitors, focusing on the possibility
of implementing the transaction and the net profit per barrel.

5.5 Analysis and Discussion

The new method is compared with traditional technology economic evaluation, com-
prehensive decision queuing, and Global Window to verify the feasibility and relia-
bility of the new method. We compare from six aspects: considerations, data sources,
weight calculation, decision methods, applicability, and ranking results, as shown in
Table 5. The following conclusions can be drawn:

Firstly, results of the new method are basically consistent with the traditional
technical economic evaluation, indicating that the new method is feasible. In addition,
the new method does not require a long-term system evaluation process (at least one
month), which enables rapid quantitative screening of new projects before the system
technical economic evaluation, and the main decision model (M1) takes into account
distance and curve similarity, weight calculation can not only reflect the internal
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statistical features of indicators, but also reflect the decision-maker’s subjective
experience, so the final resolution is high enough for decision-making.

The new method is more robust than Global Window. Although Global Window
can achieve rapid screening of assets, the weight calculation methods are subjective
expert scoring methods. The conclusions of different decision-makers are inconsistent
and have poor robustness.

The decision result of the new method is more reasonable than the comprehensive
decision queuing method. It is not difficult to find from Table 5 that only the results of
the Comprehensive decision queuing method are different, and there is a clear con-
tradiction with the empirical understanding. The analysis suggests that the weight may
be calculated by a single and subjective AHP method, which may not effectively reflect
the importance of indicators. That asset A is superior to asset B can be made by
comprehensive decision queuing method. In fact, after systematic technical economic
evaluation by industry experts, the depth of asset B is shallow, investment is relatively
small, and economic benefits should be better than asset A. Generally speaking, asset B
is better than asset A.

Table 5. Comprehensive comparison of new methods and existing method

No | Method Considerations | Data Weight Decision Applicability Ranking
source calculation method results
1 T-GRA-Pro Technical, ‘Wood, Comprehensive | Mainly Rapid, quantitative D, E, B,
economic, IHS, C&C, Model 1 ranking with better A C
business, historical resolution
strategy and assets
risk
2 | Traditional Technical, Systematic |/ NPV- Long period D, E, B,
technical & economic evaluation based evaluation, large A C
economical results workload, time-
evaluation consuming and

laborious, often
oriented by NPV

3 Comprehensive | Technical, ‘Wood, AHP (single Weighted | Rapid, quantitative, D, E, A,
decision economic, IHS, weight) gray weight objectively B C
queuing business, Wood, relation dependent on sample,

strategy and IHS, C&C, degree with low resolution
risk historical
assets
4 | Global window | Technical, In-built Single weight | Subjective | Semi-quantitative, D, E, B,
economic, 460 assets | (expert score subjective decision- A, C
business, database scoring) making, with high
strategy and uncertainty
risk

Last but not the least, It is also very important that the decision resolution of the
new method is significantly higher than that of Global Window and comprehensive
decision queuing. As we known, a multi-attribute decision-making problem generally
does not have a so-called “optimal solution”, and only a satisfactory solution for all
target values can be obtained. Decision makers judge all candidates and find satis-
factory solutions, which require the decision-making method to have sufficient
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resolution to distinguish candidates. The decision resolution is defined as follows:
suppose the comprehensive close projection coefficient of scheme A; is o;, the com-
prehensive close projection coefficient of scheme A; is o;, and «; > o, then the decision
resolution of the decision method for scheme A; and scheme A; is called for:

E. —E:
Ty = ‘EJ x 100% (14)

Obviously, the larger the y;, the higher is the resolution of decision-making
method.

Table 6. Comparison of decision resolution of three decision methods

Decision methods Bvs. A|Cvs.B|Cvs.D|Evs.D|E vs. A
New method 20.25% | 58.61% | 69.72% | 10.65% | 46.87%
Global window 2.14% | 32.95% | 45.33% | 3.90% | 20.36%
Comprehensive decision queuing | 7.01% | 2.74% | 14.57% | 1.42% | 2.68%

The decision resolution between each decision candidate (New method, Global
Window, Comprehensive Decision Queuing) are shown in Table 6, the resolution of
the new method is significantly higher, and more reliable decision results are obtained.
The main cause is that the algorithm takes into account the effect of distance and curve
shape, and integrates the relationship between the candidate and the positive and
negative ideal one as the basis for decision-making, thus avoiding the deviation in one
direction and comprehensively reflect differences between the various candidates;
followed by Global Window, and Comprehensive Decision Queuing has the worst
resolution, different candidates are not clearly differentiated, and the reliability is rel-
atively poor.

In addition, in the overall workflow, the introduced 3 auxiliary decision-making
models have the advantage of intuitive results and more powerful functions, can
visually display the underground and aboveground risks, quantitatively analogy
between candidates and the reference one, and analyze the sensitivity impact of each
indicator, reveal the attention and avoidance aspects, and provide useful supplements to
decision-making management.

6 Conclusions
The method and workflow proposed in this paper can be used to quickly identify high-

quality oil and gas assets and avoid investment risks usually in the period of upstream
investment opportunity rapid screening, before the traditional technical economic
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evaluation stage, which can guide the company’s comprehensive assets screening,
portfolio optimization and asset acquisition and divestment.

Comparing with existing methods, the improved decision-making method in this
paper takes into account the consistency of distance and curve shape between candi-
dates and the ideal one, as well as subjective and objective effects in weight calculation.
Further, the proposed new method is mainly based on more comprehensive indicators
system of underground conditions and aboveground strategic and environmental fac-
tors; therefore with fast speed and higher resolution, and more consistent with the
actual oil and gas assets farming in experience.

The new method and workflow can be conveniently written as table-based tool to
achieve fast and quantitative optimization projects. The model theory and approach is
simple, and easy to implement and operate.

The general 4 steps workflow of indicators preprocessing proposed in this paper,
primary selection, grading criteria establishment, correlation analysis and principal
component analysis validation, can be used for evaluation indicators processing in any
other research fields, with certain extension and application value.
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