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1. Planning

2. Mixed Integer Linear Programming (MILP)

3. Mixed Integer Non-Linear Programming (MINLP)
4. Flow rate

5. Heuristic

6. NP-Hard
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1. Offline
2. Model Predictive Control (MPC)
3. Receding Horizon Control (RHC)
4. Online
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Introduction

Due to the limited and uneven distribution of oil and
gas reservoirs on the earth, there is no symmetrical
distribution of refineries and other facilities in the
same areca. Therefore, for sending raw crude oil to
refineries and also for using petroleum products like
all kinds of fuels in different geographical locations,
these products should be transported from refineries to
consumption or storage areas. In these circumstances,
using transporting pipelines, despite higher initial costs
can provide higher speed, accuracy, and security [1].
One of the major issues discussed is the selection of
a suitable method for timing the transfer of petroleum
products from production points to the depots [2].
Planning provides coordination over a long-timescale
of weeks or months to the process of transport of
petroleum products in the pipeline network which is
related to timing and permutation of batches [3].
Model predictive control is a rolling horizon control
strategy which predicts the future of the system's
dynamic behavior in a suitable horizon and explicitly

Accepted: January/03/2020

considers the constraints of the system in the form of
an optimization problem and determines the sequence
of control inputs by ensuring that the constraints are
satisfied and achieving the best possible performance
at the system output [4]. This strategy provides a
feasible solution to the constraint-based optimization
problems.

In this paper, for a typical petroleum transfer network, a
dynamic state space model is first established and then
based on the predictive control method, a constrained
optimization for the planning problem in the multiple
pipeline network is presented. By considering slider
time windows, constraints and future demands located
in the given prediction horizon, the applied receding
horizon control strategy predicts the performance of
the transportation system by the dynamic model based
on the current conditions of the pipeline network. Then,
in the form of an optimization program, it determines
the optimal transportation sequences in a specified
horizon. Finally, the proposed method permits to
easily optimize planning with low computational cost.
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Material And Methods

The Proposed Approach for Planning the Multiple Pipeline
Network

The topology of the network components used to con-
nect the pipelines to the transportation network deter-
mines how the transporting system operates and also
has a significant impact on determining the complex-
ity of the network; and therefore, the dynamics avail-
able in the pipeline network model. Figure | shows the
investigated multiple pipeline network along with the
initial state within the pipeline sections in this study.

Type

P,

//// P,
XX P,

Depot 2

-»O/l%/),,z,, ) 7 E = ».Ea
Refinery (

Path 2

Fig. 1: Multiple pipeline network.

The purpose of this study is to provide a method
for optimally planning the transportation of various
petroleum products in multiple pipeline networks
considering the constraints of the transportation
system. To establish a dynamic model, Equation 1
expresses the transporting model of batches within
each network segment at each time interval.

X, ¢+DH=U@)

X, +D)=X,@0)

Xt +D)=X,()

X, +D)=SOX @)+ (=S@))X,@)
Xt +D)=(=S@))X;@)+S @)X @) (1)
Then Equation 2 represents stored batches in various
depots.

X +1):X6(t)+5(t)&X & J X (I)B

X7(t+l):X7(t)+S(t)[ O J

X (@ +1 :Xg(t)+S(t)[LX7mJL 3

Al o)
o svmsaos sl ] =42
RPN ey ety

Predictive equations of state and output based on the
state space model can be written as Equation 3.

X@E+D)=A(S@)X @)+B(S@).U @)X ())U @)
X@t+2)=4A(SC+D))X @ +D+
B(SE+1)U @ +1),X (¢ +))U (¢ +1)

Yt +1)=C X (+1)

).’(t +N,)=CX(@+N,)

(3)
where X (1)=[X,(0) X,() ... X,,() Xq(t)TeZq
a“dY(t)=[Y1(t) Y,(t) Y, () Yq(t)]TeZq

Based on the model (3), the proposed MPC-based method
leads to the following finite horizon nonlinear constrained
programming:

Zj:”s,. (R@+i |0)=Y (¢ +i [O))], +.

S(1),U(t)

min | S @arii0-v@ 14510, +
i=0

N, -1
> ||y,. (S(+i |z)+e)||2
i=0

sit.:
Model (3),
g(RE+i),X(+i))<0, Vi=12,.,N,, )

where U (¢ +i) €{1,2,...,P} and S(l‘ +l)€ {0,1}
are the decision variable determining the type of prod-
uct and control input variable determining the path of
transportation respectively. Also, the function g de-
notes the set of constraints to be fulfilled. Then, the
problem is ready to be solved based on the model pre-
dictive control strategy.

Results And Discussion
Simulation Results

Based on the predictive control strategy utilizing mov-
ing finite horizon, the monthly problem of planning
transportation of multiple petroleum simulated. The
planning problem was divided into three consecutive
problems with 10-day horizon and then the proposed
was implemented by solving them sequentially. After
solving the constrained nonlinear programming (4),
the number of batches stored in the depots was ob-
tained for three consecutive 10-day periods. In addi-
tion to satisfying the structural constraints of the pipe-
line network, the storage of optimum values at the end
of each week was also planned.
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products in the given typical network was Figures
2 and 3 show optimized control inputs based on the
state space model and model predictive control in
the form of batches sent to two depots, with a 20-day
prediction horizon and a 10-day control horizon along
with system output changes including the number of
batches.

—P1--P2-P3

Controlortzon Prediction Ilorizon

Batches

L L 1

2 4 6 8 10 12 4 16 18 20

(a)
Control Prediction

Horizon @A Hoarizon

"mY"E "
2 4 6 8 10 12

Days

(b)

N

' Ef[f)a
s 20

Fig. 2: Optimization results of the first 10-days of
transporting to depot 1. a) Batches b) Type.
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Fig. 3: Optimization results of the first 10-days of transport-
ing to depot 2. a) Batches b) Type.

Conclusions

In this paper, a dynamic model is proposed for a
multiple pipeline network to transport three types of
petroleum products (P1, P2, P3). Then the long-term
planning problem for a pipeline network consisting
of a refinery center connected to two depots by the
transporting pipelines was investigated. To solve the
planning problem, the monthly problem was first
divided into three smaller 10-day problems, and by
solving them sequentially, a proposed method based
on the predictive control strategy for monthly planning
was developed. Based on the results, fulfilling the
structural constraints, the proposed predictive control
approach permits to adjust the system outputs to the
desired demands at the weekends.
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