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a b s t r a c t

Oilfield treated oil pipeline network is the link connecting the upstream oilfields and the downstream
refineries. Due to the differences in operating costs and transportation fee between different pipelines
and the fluctuation in the demand and sales prices of the treated oil, there is an optimal flow allocation
plan for the pipeline network to make the oilfield company obtain the highest social and economic
benefit. In this study, a mixed integer nonlinear programming (MINLP) model is developed to determine
the optimal flow rate allocation plan of the large-scale and complex treated oil pipeline network, and
both the social and economic benefits are considered simultaneously. The optimization objective is the
multi-objective which includes the largest user satisfaction and the highest economic benefit. The model
constraints include the oilfield production capacity, refinery demand, pipeline transmission capacity,
flow, pressure, and temperature of the node and station, and the pipeline hydraulic and thermal cal-
culations. Python 3.7 is utilized for the programming of the off-line calculation procedure and the MINLP
model, and GUROBI 9.0.2 is served as the MINLP solver. Moreover, the model is applied to a real treated
oil pipeline network located in China, and three optimization scenarios are analyzed. For social benefit,
the values of the user satisfaction of each refinery and the total network are 1 before and after opti-
mization for scenarios 1, 2, and 3. For economic benefit, the annual revenue can be increased by 0.227,
0.293, and 0.548 billion yuan after the optimization in scenario 1, 2, and 3, respectively.

© 2023 Southwest Petroleum University. Publishing services by Elsevier B.V. on behalf of KeAi
Communications Co. Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Oilfield treated oil pipeline network is the link connecting the
upstream oilfields and the downstream refineries, which has
developed a complex pipeline network with multiple resources
(multiple oilfield blocks) and paths in recent years. In this study, the
treated oil refers to crude oil that is transported through pipelines
after being processed in an oil field, and the pipeline refers to

treated oil pipeline. Due to the differences in operating costs and
transportation fee between different treated oil pipelines and the
fluctuation in the demand and sales prices of the treated oil, there is
an optimal flow rate allocation plan for the treated oil pipeline
network to make the oilfield company obtain the highest social and
economic benefit. Therefore, it is necessary to study how to deter-
mine the flow rate allocation plan of the oilfield treated oil pipeline
network considering both the social and economic benefits.

At present, there are few studies focused on the optimization
model of the flow rate allocation of the treated oil pipeline network.
Most of the existing studies in oil and gas pipeline filed focused on
the design and operation optimization of the oil and gas gathering
and transportation pipeline system, the design and operation
optimization of the natural gas transmission pipeline system and
the products pipeline network, which can provide references for
the treated oil flow rate allocation optimization of the oilfield
treated oil pipeline network.

* Corresponding author.
E-mail address: hryh@cqust.edu.cn (H. Huang).
Peer review under responsibility of Southwest Petroleum University.

Production and Hosting by Elsevier on behalf of KeAi

Contents lists available at ScienceDirect

Petroleum

journal homepage: www.keaipubl ishing.com/en/ journals /pet lm

https://doi.org/10.1016/j.petlm.2023.11.001
2405-6561/© 2023 Southwest Petroleum University. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Petroleum 10 (2024) 93e100



As for the design optimization of the oil and gas gathering and
transportation pipeline system, scholars mainly concentrated on
the optimal design of the pipeline system based on economic
objective, and carried out a large amount of study in pipeline
routing [1,2], the location of facilities [3e5], and the layout and
topological structure of pipeline system [6e8]. In the research on
the operation optimization of the crude oil gathering and trans-
portation system, scholars focused on the energy consumption
analysis [9], the hydraulic and thermal process of the gathering and
transportation [10,11], and the network structure reconstruction
[12,13] by adjusting the operating parameters such as flow rate,
pressure, and temperature to reduce the operating cost. For the
design and operation optimization of the natural gas transmission
pipeline system, the optimization objective is generally to obtain
the highest economic benefit or the lowest energy consumption
[14e19], and a typical example is the start-up scheme of com-
pressors station in the natural gas transmission pipeline system.
The operation optimization of the refined oil and gas pipeline
network mainly focusses on the pipeline scheduling optimization
aiming at different pipeline structures, operating modes or opti-
mization targets [20]. The current solving approaches are classified
into three basic types, the strict global searching method [21,22],
the evolutionary computation method [23], and the heuristic
method [24,25]. Moreover, due to the key task of the oilfield treated
oil pipeline network is to securely satisfy the oil demand of each
refinery, the social benefit should be considered in the optimization
model. However, most of the existing studies in the design and
operation optimization of the oil and gas pipeline system ignored
the effect of user importance and lacked the consideration of both
social benefits and economic benefits simultaneously.

In this study, the social benefit is represented by the user
satisfaction. The definition of the user satisfaction is the degree to
which refinery demands are met. Moreover, the treated oil pipe-
line network usually contains multiple refineries, and the impor-
tance of the refineries is different which can be identified by the
demand-side analysis [26,27]. To overcome these deficiencies, an
optimal flow rate allocation model based on the mixed integer
nonlinear programming is developed and solved to determine the
optimal flow rate allocation plan of the large-scale and complex
treated oil pipeline network, and both the social and economic
benefits are considered. The optimization objective function of the
model is the multi-objective which includes the largest user
satisfaction and the highest economic benefit. Moreover, the
model constraints include the oilfield production capacity, refinery
demand, pipeline transmission capacity, flow, pressure, and tem-
perature of the node and station, and the pipeline hydraulic and
thermal calculation.

The organization of this study is as follows. Section 2 presents a
detailed description of the optimal flow rate allocation model
developed in this study. The model simplification and solution are
illustrated in Section 3. A case study to illustrate the feasibility of
this model is presented in Section 4. Section 5 concludes this paper
and demonstrates the further work for this study.

2. The optimal flow rate allocation model

2.1. Basic parameters

(1) Pipeline basic parameters: pipeline length, diameter, wall
thickness, friction coefficient, the minimum and maximum
transmission capacity of the pipeline.

(2) Hydraulic and thermal parameters: the upper and lower
limit of the pressure and temperature of the nodes and sta-
tions, the minimum safe throughput and transmission ca-
pacity of the pipeline.

(3) Physical properties of the treated oil: viscosity, density, and
specific heat capacity.

(4) Technical and economic parameters: pipeline transportation
fee, pipeline operation cost, price of the treated oil for each
refinery.

(5) Data for the oilfield blocks and refineries: oilfield block
production and refinery demand.

2.2. Decision variables

(1) User satisfaction: the degree to which refinery demands are
being met [28,29].

(2) Economic expenses: the net present value during the opti-
mization period, which includes the operating cost, trans-
portation fee, and sales revenue.

(3) Flow rate allocation plan: the flow rate of each node and
pipeline.

(4) Hydraulic and thermal results: the hydraulic and thermal
parameters of each node and pipeline during the optimiza-
tion period.

2.3. Objective function

(1) The largest user satisfaction

In this study, the user satisfaction of each refinery is defined as
the ratio of the total amount of the treated oil supplied by pipeline
network to the total amount of the oil demand during the opti-
mization period. The formula is shown as follows:

Sai ¼

P
t2T

Qdem
i;t

Di
(1)

where
P
t2T

Qdem
i;t is the total amount of the treated oil for the ith

refinery, Qdem
i;t is the amount of the treated oil for the ith refinery in

the tth month, 104 t; Di is the total amount demand of the ith re-
finery, 104 t; T is the optimization period and equals 12 months.

Considering that the treated oil pipeline network usually con-
tains multiple refineries, and the importance of each refineries is
different, the user satisfaction of the network is calculated as
follows:

Sa¼
X

i2Na

li

P
t2T

Qdem
i;t

Di
(2)

where Na is the number of the refineries; li is the weight of the ith
refinery, which depends on its importance.

(2) The highest economic benefit

The formula for calculating oilfield revenue is shown as follows:

Revenue¼ In t þ In s� Ct (3)

where In_t, In_s, and Ct are the revenue of the transportation fee,
the oil sales revenue, and the operating cost during the optimiza-
tion period, respectively.

Moreover, the transportation fee, the oil sales revenue, and the
operating cost can be calculated as follows.

In t¼
X

ði;jÞ2E

X

t2T

QijðtÞ $ T feeij (4)
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In s¼
X

i2Na

X

t2T

Qdem
i;t $Pr icei;t (5)

In t¼
X

ði;jÞ2E

X

t2T

QijðtÞ $Cos tij (6)

where Pr icei;t is the sales price of treated oil for the ith refinery in
the tth month, Yuan/104 t; T feeij and Cos tij are the pipeline fee
and cost for the pipeline from node i to node j, Yuan/104 t,
respectively.

2.4. Constrains

In this model, a directed weighted graph G ¼ (V, E) consisting of
a set of nodes V and a set of edge E is adopted to describe the
treated oil pipeline network.

(1) Flow constraints

i. The sum of the flow entering a node must equal to the sum of
the flows exiting a node:
X

ði;jÞ2E

QijðtÞ �
X

ðj;lÞ2E

QjlðtÞ¼ 0 ci; j2V (7)

where QijðtÞ is the flow rate from node i to node j in the tth month,
104 t/a; ði; jÞ and ðj; lÞ represents the pipeline from node i to node j
and the pipeline from node j to node l, respectively.

ii. Only one flow can exist in the pipeline:

yijðtÞþ yjiðtÞ� 1 cði; jÞ2Eb (8)

yijðtÞ2 f0;1g cði; jÞ2Eb (9)

where Eb is the set of the bi-directional pipelines; yij(t) is the binary
decision variable for controlling flow direction of the bi-directional
pipeline.

(2) Oilfield block production capacity constraints

The amount of the treated oil supply from the oilfield block is
not greater than the oilfield production capacity.

Q s
i ðtÞ � qsi ðtÞ (10)

where i is the ith oilfield; Q s
i ðtÞ is the flow rate of the treated oil

supply from the ith oilfield block in the tth month, 104 t/a; qsi ðtÞ is
the production capacity of the ith oilfield block, 104 t/a.

(3) Refinery demand constraints

The flow rate of the treated oil supply to the refinery can fluc-
tuate in the certain range of the demand:

qs;min
i ðtÞ�Qd

i ðtÞ � qs;max
i ðtÞ (11)

Where i is the ith refinery; Qd
i ðtÞ is the flow rate of the treated oil

supply to the ith refinery in the tth month, 104 t/a; qs;min
i ðtÞ and

qs;max
i ðtÞ are the minimum and maximum demand of the ith re-

finery in the tth month, 104 t/a. It should be noted the minimum
and maximum demand and the importance of each refinery can be
determined by demand side analysis.

(4) Pipeline transmission capacity constrain

The flow rate of a pipeline cannot exceed its transmission ca-
pacity and cannot be lower than its minimum safe throughput.

qmin
i;j ðtÞ�QijðtÞ � qmax

i;j ðtÞ (12)

where, qmin
i;j ðtÞ and qmax

i;j ðtÞ are the minimum safe throughput and

transmission capacity of the pipeline (i, j) in the tth month,
respectively, 104 t/a.

(5) Pressure constraint

i. Pressure constraints of each node:

Pmin
i ðtÞ� PiðtÞ � Pmax

i ðtÞ (13)

where Pi(t) is the pressure of the ith node in the tth month, MPa;
and Pmin

i ðtÞ and Pmax
i ðtÞ are the upper limit and lower limit of the

pressure at the ith node in the tth month, respectively, MPa.
ii. Pump station upstream and downstream pressure constra-

ints:

Pmin
i ðtÞ� Pini ðtÞ � Pouti ðtÞ � Ppipei ðtÞ (14)

where Pini ðtÞ, Pouti ðtÞ, Pmin
i ðtÞ, Ppipei ðtÞ are the inlet pressure, outlet

pressure, inlet pressure limit, and outlet pressure limit of the ith
pump station in the tth month, respectively, MPa.

(6) Temperature constraint

i. Temperature constraints of each node:

Tmin
i ðtÞ� TiðtÞ � Tmax

i ðtÞ (15)

where, Ti(t) is the temperature of the ith node in the tth month, �C;
Tmin
i ðtÞ and Tmax

i ðtÞ are the upper limit and lower limit of the
temperature at the ith node in the tth month, respectively, �C.

ii. The heating station upstream and downstream temperature
constraints:

Tmin
i ðtÞ� Tini ðtÞ � Touti ðtÞ � Tpipei ðtÞ (16)

where Tini ðtÞ, Tout
i ðtÞ, Tmin

i ðtÞ, Tpipe
i ðtÞ are the inlet temperature,

outlet temperature, inlet temperature limit, and outlet temperature
limit of the ith heating station in the tth month, respectively, �C.

(7) Pipeline hydraulic constraint

The pressure and flow rate of pipeline (i,j) satisfy the following
formula:

PiðtÞ � PjðtÞ � fri;j , li;j,QijðtÞ1:75¼ 0 ci; j2V (17)

Because the oil pipeline usually runs in the hydraulic smooth

area, fri;j ¼ 0:0246 y0:25

d4:75 rg. Pi(t) and Pj(t) are the pressure of the ith
and jth nodes in the tth month, respectively, Pa; fri;j is the hydraulic
friction coefficient; v is the kinematic viscosity, m2/s; d is the inner
diameter of the pipeline, m; r is the density, kg/m3; g is the ac-
celeration of gravity, m/s2; li;j is the length of the pipeline, m; QijðtÞ
is the flow rate from node i to node j in the tth month. The above
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parameters are the parameters of the pipeline between node i and
node j.

(8) Pipeline thermal constraint

The effect of the frictional heat is ignored in the model, and the
temperature and flow rate of pipeline (i,j) fit the following formula:

TjðtÞ¼ T0 þ ðTiðtÞ � T0Þexp
�
� KpDL

c
$
1
G

�
(18)

Where K is the total heat transfer coefficient, W/(m$�C); d is the
outer diameter of the pipeline, m; G is the mass flow rate, kg/s; c is
the specific heat capacity at average temperature, J/(kg�C); L is the
calculation section length, m; TiðtÞ and TjðtÞ are the temperature of
the ith and jth nodes in the tth month, respectively, �C; T0 is the
temperature of the surrounding medium, �C. Similarly, the above
parameters are the parameters of the pipeline between node i and
node j.

3. Model simplification and solution

As shown in Eq. (14), the pipeline hydraulic constraints are
nonlinear constraints and contain many unknowns. To simplify the
constraints and facilitate the solution of themodel, this paper treats
the hydraulic constraints piecewise linearly [30,31]. Therefore, the
nonlinear pipeline hydraulic constraints can be transformed into
the linear constraints.

For pipeline thermal constraint, because the mass flow rate G
is the denominator in Eq. (15), the variable substitution method
is employed, and the Eq. (15) is transform into the following
equation.

G $ tj ¼ G$ti � a$L (19)

where a¼ � KpD
c , tj ¼ lnðTjðtÞ� T0Þ, and ti ¼ lnðTiðtÞ� T0Þ.

In this study, based on the Intel Core i5-5200U (2.2 GHz) pro-
cessor with two parallel threads, Python 3.7 was utilized for the
programming of the off-line calculation procedure and the MINLP

Fig. 1. The schematic of the case treated oil pipeline network.
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model, and GUROBI 9.0.2 was served as the MINLP solver. The
calculation time of the solver is less than 5 min.

4. Case study

4.1. Description of the test treated oil pipeline network

To confirm the feasibility of the developed optimization
model, the model is applied to a real treated oil pipeline network
located in China. Firstly, a directed graph is adopted to describe
the case treated oil pipeline network, as shown in Fig. 1. The
network contains the following elements: 11 oilfield blocks
(denoted by red nodes), 8 refineries (denoted by green nodes), 14
pump stations (denoted light blue), and 61 treated oil pipelines
(denoted by blue line with arrow). It should be noted that
pipelines 60 and 61 are out of operation, and the pipelines 51 to
59 are the pipeline connecting the refineries, and the minimum
safe throughput and transmission capacity of these pipelines

Table 1
The basic parameters of the treated oil pipeline.

Pipeline number Length/km Upper limit of
Pressure/MPa

Outer Diameter/mm Thickness/mm Minimum safe
throughput/(104 t/a)

Transmission
capacity/(104 t/a)

1 72.10 6.4 323.9 6.0 100 135
2 24.00 6.4 323.9 6.0 100 135
3 36.00 6.4 323.9 6.0 100 135
4 3.00 6.4 323.9 6.0 100 135
5 59.20 10 377.0 9.0 260 350
6 43.35 10 377.0 9.0 260 350
7 43.35 10 377.0 9.0 160 350
8 41.60 10 377.0 9.0 160 350
9 66.00 10 377.0 9.0 160 350
10 40.00 10 377.0 9.0 160 350
11 40.00 10 377.0 9.0 160 350
12 24.00 6.4 273.1 6.4 25 250
13 39.00 6.4 273.1 6.4 26 260
14 4.00 6.4 273.1 6.4 26 260
15 37.10 6.4 168.0 5.0 6 60
16 20.70 6.4 219.1 6.0 13 130
17 38.00 6.4 377.0 6.0 20 200
18 3.00 6.4 377.0 6.0 20 200
19 118.00 6.4 377.0 6.0 130 350
20 42.34 6.4 377.0 6.0 120 350
21 27.68 6.4 377.0 6.0 120 350
22 27.68 6.4 377.0 6.0 120 350
23 27.00 6.4 273.1 5.6 22 220
24 27.00 6.4 168.0 5.0 0 90
25 24.21 6.4 168.0 5.0 9 90
26 23.4 6.4 168.0 5.0 9 90
27 27.05 6.4 168.0 5.0 9 90
28 26.10 6.4 168.0 5.0 9 90
29 69.00 6.4 219.0 6.0 9 90
30 11.00 6.4 273.0 6.0 15 150
31 49.00 6.4 377.0 6.0 15 150
32 33.00 6.4 323.9 6.4 44.2 442
33 43.00 6.4 377.0 6.0 35 350
34 105.59 6.4 377.0 7.0 150 350
35 145.58 6.4 377.0 7.0 150 350
36 49.00 6.4 377.0 7.0 80 500
37 11.00 6.4 273.0 6.0 80 150
38 54.68 6.4 323.9 6.4 36 350
39 26.84 6.4 323.9 6.4 47 350
40 104.53 6.4 355.6 7.1 140 350
41 31.00 6.3 323.9 6.0 45 450
42 71.00 6.4 355.6 6.4 110 450
43 52.00 6.4 273.1 6.0 50 130
44 52.00 6.4 273.1 6.0 50 130
45 38.50 6.4 273.1 5.6 26 260
46 38.50 6.4 273.1 5.6 26 260
47 60.00 6.4 377.0 7.0 30 300
48 60.00 6.4 377.0 7.0 30 300
49 25.00 6.3 219.0 6.0 9.5 95
50 83.00 6.3 324.0 7.0 110 240

Fig. 2. Comparison of pipeline flow rate before and after optimization.
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correspond to the minimum and maximum demand of the
refineries.

4.2. Basic parameters

In this case, the presented demand datasets are realistic; how-
ever, its geographical topology and the oilfield production capacity
are not disclosed for sensitivity reasons. The basic parameters of the
treated oil pipeline are listed in Table 1.

The pipeline operating cost and transportation fee come from
the company's financial data are not disclosed for sensitivity rea-
sons. Moreover, both the operating cost and transportation fee are
different for each pipeline, and the oil product sales prices of each
refinery fluctuate with global crude prices. By using the demand
side analysis, the minimum and maximum demand and the

importance of each refinery can be determined, and the price of the
oil sold to refinery of Node 15 is lower than other refineries.
Therefore, based on the ex-factory price of the crude oil (excluding
tax) under different global crude prices, the relationship between
the sales price of treated oil and the global crude prices can be
obtained, as shown follows:

Pr 1 ¼ 46:023xþ284:89 (20)

Pr 2 ¼ 46:023xþ157:89 (21)

where Pr_1 is the sales price of oil products for the refineries of
Node 12, 13, 14, 16, 17, 18, 19, Yuan/t; Pr_2 is the sales price of oil
products for the refineries of Node 15, Yuan/t; x is the global crude
prices, USD/barrel.

Fig. 3. The flow rate for each refinery.
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4.3. Results and discussion

(1) Scenario 1: sales plan has been formulated

For a given sales plan, there is an optimal pipeline flow rate
allocation plan for the oilfield treated oil pipeline network, which
makes the oil field company obtain the highest social and eco-
nomic benefit. The actual flow rate allocation plan of the oilfield
treated oil pipeline network can be obtained from the field data,
and the optimal pipeline flow rate allocation plan can be deter-
mined by applying the developed optimization model, as shown
in Fig. 2.

As shown in Fig. 2, the optimized flow rate allocation plan gives
priority to pipelines with lower operating costs (such as pipelines
23, 24, 25) for treated oil transportation. Moreover, the user
satisfaction and economic benefits of the treated oil pipeline
network are calculated and compared as well. Before the opti-
mization, the values of the user satisfaction of each refinery and
the total network are 1, and the operating cost and the revenue of
the transportation fee are 0.975 and 4.196 billion yuan, respec-
tively. After the optimization, the values of the user satisfaction of
each refinery and the total network are also 1, and the operating
cost and the revenue of the transportation fee are 0.906 and 4.354
billion yuan, respectively. Compared with the flow rate allocation
plan before optimization, the annual revenue can be increased by
0.227 billion yuan. It should be pointed out that the sales plan is
formulated, and the sales revenue is the same before and after
optimization.

(2) Scenario 2: sales plan need be optimized.

As shown in Eqs. (20-21), the sales price of oil products for the
refinery of Node 15 is lower than other refineries. Therefore, by
adopting the optimization model of the treated oil pipeline
network built in this study, the sales plan can be optimized to in-
crease the sales revenue. The sales plan in the year of 2021 (before
optimization) can be obtained from the field data of the oilfield
company, and the optimized sales plan can be determined by
applying the developed optimization model, as shown in Table 2. In
this scenario, the fluctuation of the global crude prices is ignored
and the price is assumed as 40 USD/barrel.

As shown in Table 2, since the sale price of the refinery of Node
15 is the lowest, its sales volume is its minimum demand after
optimization. Moreover, the user satisfaction and the economic
benefits of the treated oil pipeline network are calculated and
compared. Before the optimization, the values of the user

satisfaction of each refinery and the total network are 1, and the
operating cost, the revenue of the transportation fee, and oil sales
revenue are 1.136, 5.183, and 50.206 billion yuan, respectively. After
optimization, the values of the user satisfaction of each refinery and
the total network are also 1, and the operating cost, the revenue of
the transportation fee, and oil sales revenue are 1.079, 5.112, and
54.546 billion yuan, respectively. Compared with the flow rate
allocation plan before optimization, the annual revenue can be
increased by 0.293 billion yuan.

(3) Scenario 3: the fluctuation of the oil price is considered.

Because of the fluctuation of the global crude prices, the
monthly sales plan for a given annual sales plan can also be opti-
mized. In this scenario, the global crude price at the beginning of
each month in the year of 2019 is employed as the oil price for each
month, which is shown in Table 3. Note that the annual sales plan in
the year of 2021 shown in Table 2 is adopted.

In this scenario, the oil sale plan before optimization is
assumed that the supply of treated oil to each refinery is 1/12 of
the annual demand, and the optimized sales plan can be deter-
mined by applying the developed optimization model, as shown
Figs. 3e4.

From the optimization results, the amount of the treated oil
delivered to each refinery every month changes with the fluctu-
ation of oil prices, and the delivery volume is found to be large
when the oil price is high, and vice versa. Moreover, the user
satisfaction and economic benefits of the treated oil pipeline
network are calculated and compared as well. Before the opti-
mization, the values of the user satisfaction of each refinery and
the total network are 1, and the operating cost, the revenue of the
transportation fee, and oil sales revenue are 1.136, 5.183, and
75.182 billion yuan, respectively. After the optimization, the
values of the user satisfaction of each refinery and the total

Fig. 4. The flow rate for all refineries.

Table 2
Comparison of sales plan before and after optimization.

Refinery
node

Sale plan
in the year of
2021/(104t/a)

The optimized
sale
plan/(104t/a)

The minimum
demand/(104t/a)

The maximum
demand/(104t/a)

12 100 150 50 150
13 320 496.93 160 640
14 440 220 220 880
15 485 242.5 242.5 970
16 130 65 65 260
17 120 510 60 600
18 360 490.57 180 720
19 440 220 220 880
Total

amount
2395 2395 e e

Table 3
The oil price of each refinery in each month.

Month Global crude
prices/USD/barrel

Refinery expect
the refinery of
Node 15/Yuan/t

The refinery of
Node 15 Yuan/t

January 54.91 2812.013 2685.01293
February 62.75 3172.833 3045.83325
March 65.07 3279.607 3152.60661
April 69.01 3460.937 3333.93723
May 72.18 3606.830 3479.83014
June 61.28 3105.179 2978.17944
July 65.06 3279.146 3152.14638
August 60.50 3069.282 2942.28150
September 58.66 2984.599 2857.59918
October 58.89 2995.184 2868.18447
November 61.69 3124.049 2997.04887
December 60.92 3088.611 2961.61116
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network are also 1, and the operating cost, the revenue of the
transportation fee, and oil sales revenue are 1.113, 5.091, and
75.800 billion yuan, respectively. Compared with the flow rate
allocation plan before optimization, the annual revenue can be
increased by 0.548 billion yuan.

5. Conclusions and future work

In this study, an optimal flow rate allocation model based on
the mixed integer nonlinear programming is developed to deter-
mine the optimal flow rate allocation plan of the large-scale and
complex treated oil pipeline network, and both the social and
economic benefits are considered in the proposed model. The
optimization objective function of the model is the multi-
objective function which includes the largest user satisfaction
and the highest economic benefit. Moreover, the model con-
straints include the oilfield production capacity, refinery demand,
pipeline transmission capacity, flow, pressure, and temperature of
the node and station, and the pipeline hydraulic and thermal
calculation.

The model is applied to a real treated oil pipeline network
located in China, and three optimization scenarios are analyzed. For
social benefit, all the values of the user satisfaction of each refinery
and the total network are 1 before and after optimization for sce-
narios 1, 2, and 3. For economic benefit, the annual revenue can be
increased by 0.227, 0.293, and 0.548 billion yuan after optimization
in scenario 1, 2, and 3, respectively.

The developed model still suffers from several limitations, like
all optimal models, and consists of partial representation of the
reality of such a complex system. Actually, the physical properties
of the treated oil in different oilfield blocks is different, and the
operating cost of the pipeline comes from the company's financial
data, which can only reflect the average level of the pipeline. In the
future, the model will be supplemented and improved, especially
considering the physical properties of the treated oil and the
calculation method of the operating cost in different operating
conditions. Nevertheless, our model has made great progress
compared to previous methodologies and can be used as an
effective tool in flow rate allocation optimization for the treated oil
pipeline network.
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