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ABSTRACT Benefit maximization is the enduring objective of production and management for international oil companies. This
objective can only be realized through oil and gas production; thus, enhancing production efficiency inevitably leads to maintaining and
increasing the value of overseas assets. Given the current practices adopted by domestic companies to improve the quality and efficiency
of overseas projects, it is imperative to establish a set of comprehensive benefit and output optimization methods that can withstand oil
price shocks, adapt to overseas projects, and cater to various other requirements, thereby serving to improve the quality and efficiency of
overseas projects. Taking into account the differences between overseas and domestic projects, this paper analyzes the characteristics and
strategies for realizing benefits under different financial and tax regimes, such as mine tax contracts, output-sharing contracts, and
service contracts. A framework for evaluating the benefits and outputs of overseas projects under different conditions (such as cost,
output, and other floating indicators) is established based on research and analysis conducted at home and overseas. Overall marginal

benefit, cash flow, and profit optimization objectives are used to guide benefit allocation to achieve asset appreciation and preservation.
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A multidimensional and multi-objective decision-making model and an algorithm for benefit maximization are developed by considering
both profitability and risk. A Pareto solution set is provided for a comprehensive optimal decision-making interval of overseas oil and
gas field project development by considering the constraints of investment, cost, and block in conjunction with multiple decision-making
objectives such as production, profit, and risk. This model was applied to specific cases of overseas oil fields under certain decision
objectives, and the Pareto optimal decisions were generated. An in-depth analysis and comparison of each solution in the solution set was
conducted. Appropriate selection of different solutions is advocated for different decision preferences to ensure the objectivity and
scientific nature of profit management decisions. Finally, considering the influence of uncertainty factors, the scenario-based uncertainty
analysis of the project output, oil price, cost, and investment has proved effective and generally provides reliable support for decision
making in the context of overseas oilfield efficiency and plans for production optimization and high-quality development. The benefit
production model and solving algorithm for overseas oilfield projects developed in this paper can provide a theoretical basis and support
for decision making by oil field companies to optimize the production benefits of overseas oil fields and improve profitability.

KEY WORDS full benefit multidimensional; benefit yield model; asset appreciation and preservation; Pareto solution set; optimal

decision interval
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Table 1 Element set of the benefit yield model

Element Interpretation
Xij Whether to exploit the jth field project in the ith block
qij Maximum production from the jth field project in the ith block
Otarget Total target production
Dij Net profit of the jth oilfield project in the ith block
Cij Net cash flow from the jth oilfield project in the ith block
rij (?ombin.ed risk for the jth field projecF in the ith block, which is gweighted average of field reserve risk, political risk, and oil price
risk, weighted and scored by experts in field development planning
iij Investment in the jth oil field project in the ith block
0ij Operating cost of the jth oilfield project in the ith block
mij Management costs for the jth oilfield project in the ith block
Sij Cost of sales for the jth oilfield project in the ith block
€ij Financial costs for the jth oilfield project in the ith block
NPV (a) a discounted to the net present value in the year of decision
Ci Lower limit of operating cash flow per unit of production for inventory production
Cy Lower bound on operating costs per unit of production
C3 Lower bound on payout costs
Cy Lower bound on return on investment in new production
Cs Lower bound on total profit
Ce Lower limit of total production
Cy Total investment cap
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Table 2 Objective function used in benefit yield modeling

Objective function Function formula Sequence number
Yield maximization Max Z Z Xijqij (1)
i=1 j=
Minimize yield Min (| Qtarget — Max Xijqijl) 1*)
differential treet Z; ; e (
m
Profit maximization Max Z Z XijDij (2)
i=1 j=
Maximize cash flow Max Z Z XijCij (3)
i=1 j=1
m n
I
Min L2l (4)

Minimize operating cost per unit
Z Xijqij
i=1 j=1
m
Zx,j(o,'j +mjj+ Sij +€,'j)

=
Minimize unit cash cost Min =12 yTa— (5)
2.0 i
i=1 j=
Minimize risk MinMax Z Z Xijrij (6)

i=1 j=1

3 R EEEARRT

Table 3 Constraint conditions for benefit yield modeling

Constraint Function formula Sequence number
Lower limit of operating cash flow per unit of production Z Z Xij(ci+1;) 2 Cy (7)
i=1 j=1
m n
2,0
1
L <o (8)

Upper limit of operating cost per unit of production
ZZM%
i=1 j=

n

inj(o,-j+m,-j+sij+e,-j)

s

=1 j=1
Upper limit of payout cost T <C3 (9)
Z Z Xijqij
i=1 j=1
m n T
> xiNPY(ch)
. . . i=1 j=11=2021
Lower limit of return on investment for new production volume T >Cy (10)
Z Z X,‘_,‘NPV(I'EI-)
i=1 j=11=2021
Lower limit of total profit Z Z Xijpij 2 (11)
m n
Lower limit of total production Z Z xijqij = Ce (12)
i=1 j=1
m n
Total investment upper limit xijiij < Cq (13)
i=1 j=1
n
Required constraint-block constraint foreachi, Z Xijzn (14)

=1

YRR AT RIS A b, B &b (D A (1) B9 KT i H xR, A R e 5E H
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Table 4 Common models and expression combinations for benefit yield decision optimization

Decision optimization model

Type

Expression Combination

Model I:

Maximize the production and minimize the risk given the ROI constraints, cash flow, and the

range of profits achieved

Objective function: (1), (5)
Constraint: (7), (10), (11), (14)

Model II:

Maximize the profit and cash flow and minimize the unit operating costs given the ROI

constraints, payout costs, and range of production

Objective function: (2), (3), (4)
Constraint: (9), (10), (12), (14)

Model I1I:

Given the yield target Qrarger and investment constraints, profit, and unit operating cost

requirements, minimize yield deviation and risk

Objective function: (1*)(5)
Constraint: (8), (11), (13), (14)

Notes:ROI means return on investment.
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generation with population size N

| SBX crossover with polynomial variation

population R, of size 2N
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A

calculation of R,

Nondominant ordering and crowding degree

parent P,

Place thei-th non-dominated set Zinto the

The population size
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End

The population size of P,
is greater than N

Yes
v
Arrange the individuals in Z; by
crowding degree and then select the
remaining required number of P,
and put them back into P,

P~—The original population; O—Progeny population; R—Anew
population; Z—Nondominated sort, resulting in a nondominated
set; SBX—Simulated binary crossover

B ki

Fig.1 Flowchart of the genetic algorithm
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Table 5 Decision intervals for benefit yield optimization

Preferred Equity oil and Profity Operating cash Risk Unit operating  Unit cash paid Total number
solution set gas production/t flow/¥ costs/ (¥t ) cost/ (¥t of oil fields
1 37310841 4009049828 7094331796 20.4 436.8 504.0 36
2 37258035 3968636467 7806138825 16.8 441.0 508.2 21
3 37341255 3963712429 7399291824 18.8 441.0 508.2 29
4 36716835 3290670240 9689161738 14.1 449.4 516.6 9
5 37502802 3513549687 7006716908 213 441.0 508.2 39
6 36723054 3804018854 9127457671 16.4 441.0 508.2 19
7 36605850 3693330144 9536101806 13.8 449.4 516.6 9
8 36881063 3877670734 8692999494 17.2 441.0 508.2 23
9 36829709 3782262111 9512866333 15.2 4452 512.4 14
10 37012710 3961423106 7745694098 17.1 441.0 508.2 22

2500
2142 2100 ¥ Before optimization
® After optimization
2000 ¢
Td—'
S
5 1500+
=
g
= 1000 ¢
2
B 500l 508 453 441
0

Complete cost per unit

Cash paid cost per unit

Operating cost per unit

Benefit and cost indicators
B2 s m ek i TR fE i sk

Fig.2 Contribution of optimal solution for benefit production to benefit enhancement
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