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Abstract 

 
In the literature, optimization models deal with planning and scheduling of several subsystems of 
the petroleum supply chain such as oilfield infrastructure, crude oil supply, refinery operations and 
product transportation. the focus of the present work is to propose a general framework for 
modeling petroleum supply chains. Particular framework are proposed to storage tanks and 
pipelines. Nodes of the chain are considered as grouped elementary entities that are interconnected 
by intermediate streams. The complex topology is then built by connecting the nodes representing 
refineries, terminals and pipeline networks. Decision variables include stream flow rates, 
properties, operational variables, inventory and facilities assignment. The resulting multiperiod 
model is a large-scale MINLP. The proposed model is applied to a real-world corporation and 
results show model performance by analyzing different scenarios.   
Keywords: Supply Chain- Petroleum- Mixed- integer Optimization 
 
 

1. Introduction   

 
    Companies have been forced to overstep their physical frontiers and to visualize the surrounding business 
environment before planning their activities . range vision should cover all members that participate direct or 
indirectly in the work to satisfy a customer necessity. Coordination of this virtual corporation may result in 
benefits for all members of the chain individually. 
    The petroleum industry can be characterized as a typical supply chain. All levels of decisions arise in such a 
supply chain, namely, strategic, tactical, and operational. In spite of the complexity involved in the decision 
making process at each level, much of their management is still based on heuristics or an simple linear models, 
according of Forrest and Oettli (2003), most of the oil industry still operates its planning, central engineering, 
upstream operations, refining, and supply and transportation groups as complete separate entities. Therefore, 
systematic methods for efficiently managing the petroleum supply chain must be exploited. In the next section, 
the petroleum supply chain scope is described as well as recent developments found in the literature concerning 
itssubsystems.
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2. Petroleum supply chain  

 
    The petroleum supply chain is illustrated in fig. 1. petroleum explorations is at the highest level of the chain. 
Decisions regarding petroleum exploration include design and planning of oil field infrastructure. Petroleum may 
be also supplied from international sources. Oil tankers transport petroleum to oil terminals, which are connected 
to refineries through a pipeline network. Decisions at this level incorporate transportation modes and supply 
planning and scheduling. Crude oil is converted to products at refineries, which can be connected to each other 
in order to take advantage of each refinery design within the complex. Products generalized generated at the 
refineries are then sent to distribution centers. Crude oil and products up to this level are often transported either 
through pipelines or trucks, depending on consumer demands. In some cases, products are also transported 
through vessels or by train.  
    In general, production planning includes decision such as individual production levels for each product as well 
as operating conditions for each refinery in the network, whereas product transportation focuses on scheduling 
and inventory management of the distribution network. 
    Products at the last level presented in fig. 1. are actually raw materials for a variety of processes. This fact 
indicates that the petroleum supply chain could be further extended. However, this work deals with the 
petroleum supply chain as depicited in fig. 1.   

       
Fig1-petroleum supply chain 

3. Problem statement 
    
   According to Lasschuit and Thijssen (2003), there is great appeal that the supply chain of oil and chemical 
industry involve the horizontal integration across departmental divisions and coupled coordination of the layers 
of strategic, planning, scheduling, and operational execution (vertical integration). This whole context is usually 
described by massive amount of operational data and decision making processes that comprise feedstock, 
manufacturing, exchange, and blending across supply, distribution, terminals and depots, and into demand, 
channel segmentation. It will be clearly verified, in the next section, that the example to be addressed in this 
work clearly points towards the stated requirements.  

 
4. Mathematical models 
   4.1. Processing unit model  
 
    Processing unit is defined as a piece of equipment that is able to physically or chemically modify the material 
fed into it. According to this definition, processing units are all those that compose the refinery topology and are 
modeled based on the general framework developed by Pinto and Moro (2000) for a single refinery, as shown in 
Fig. 5. Generally, stream s1 from unit u1 is sent to unit u at a flowrate Qu1,s1,u,t at time period t. The same unit 
(u1) can send a variety of its outlet streams to unit u given by the set {s1, s2, . . . , sNS1}. The set USu contains 
ordered pairs that represent all streams from every unit that feeds unit u. Mixture is always accomplished before 

www.SID.ir



Arc
hive

 of
 S

ID

feeding. Variable QFu,t denotes the resulting feed stream flowrate for unit u at time period t. Every stream is 
characterized by a set of properties {p1, p2, . . . , pNP}. Relevant properties at the inlet and outlet streams are 
given by the sets PIu and POu,s, respectively, whereas the variables PFu,p,t and PSu,s,p,t denote the property values 
of the inlet and outlet streams at time period t, respectively. The unit feed is converted into a set of products SOu 

= {s_1, s_2, . . . , s_N}. Variable QSu,s,t represents the outlet flowrate of every stream s that leaves unit u at time 
period t. Since an outlet stream can be sent to more than one unit (UOu,s = {u_1, u_2, . . ., u_N}) to further 
processing or storage, there is a splitter assigned to every outlet stream. Different outlet streams may be 
characterized by specific property sets, for instance POu,s_1 = {p_1, . . ., p_NP} and POu,s_N = {p__1, . . ., p__NP}. 
Processing at unit u can be influenced by a set of operating variables VOu = {v1, v2, . . ., vNV}. Every operating 
variable corresponds to a decision variable Vu,v,t . Therefore, based on the variables and sets defined so far and 
on the framework depicted in Fig. 2, the following equations can be considered to model each processing unit u 
� Upu, where Upu is the set of processing units that compose each of the refinery topologies: 
 

 
Fig 2- Unit  model 

QFu,t= ∑ ∈ USusu ),'(
Qu',s,u,t                                                                              ∀ u∈ Upu ,t∈ T    (1) 

QSu,s,t = QFu,t.fu,s(Pfu,p,t)+ ∑
∈ VOuu

Qgainu,s,v.Vu,v,t                         ∀ u ∈  Upu,s∈ SOu, p∈ PIu , t∈ T        (2) 

QSu,s,t = ∑
∈ sUOuu ,'

 Qu,s,u',t                                                                       ∀  u ∈  Upu ,s ∈  SOu , t ∈  T    (3) 

 

PFu,p,t = 
∑

∑

∈

∈

USusu

USusu

tusQu

tpsPSutusQu

),'(

),'(

,,,'

,,,'.,,,'

                                             ∀  u ∈  Upu , p∈  PIu , t ∈  T          (4) 

 
PSu,s,p,t = fu,s,p(QFu,t , PFu,p,t|p ∈  PIu , Vu,v,t|v ∈  VOu)          ∀  u ∈  Upu , s ∈  SOu , p ∈  POu,s , t ∈  T  (5) 

 
QF L

u  ≤  QFu,t ≤  QF U
u                                                                              ∀   u ∈  Upu , t ∈  T (6) 

V L
vu ,  ≤  Vu,v,t ≤  VU

vu ,                                                                            ∀  u ∈  Upu , v ∈  VOu , t ∈  T  (7) 
 
Eq. (1)describe the mass balance at the mixture of unit u.  
Eq.(2) denotes the relation of the product flow rates with the feed flow rate (QFu,t), feed properties (fu,s is 
typically a linear function of PFu,p,t and depends on the unit and outlet stream ) and operating variables (Vu,v,t). 
Eq.(2) is valid for units whose product yields closely depend on petroleum type, such as atmospheric and 
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vacuum distillation columns. The other units operate at constant yields, which means that the function fus (PFu,p,t) 
is replaced by a constant parameter. Therefore , Eq (2) becomes linear for these cases.  
Eq(3) describes mass balances at mixers. 
Eq.(4) represents a weighted average that relates properties of the unit feed stream with properties of the inlet 
streams. There are cases for which property must be replaced by mixture indics in order to apply Eq(4) and some 
properties must be weighted on a mass basis. In the latter cases , the density of the corresponding stream must 
multiply every term in the numerator of Eq(4). 
Eq.(5) shows the general relationship among outlet properties feed flowrate feed properties and operating 
variables. The functional form of Eq(5) depends on the unit stream and property under consideration . most of 
the outlet properties are considered to be constant values and therefore only a few are estimated. Those are 
usually properties that depend on petroleum types such as sulfur content.  
Eqs.(6) and (7) denote unit capacity and operating variable domain respectively.   

 
4.2. Tank model 

 
    Tank is defined as a piece of equipment where the only two allowed operations are mixture and storage of 
the different feed streams. Only physical properties can be modified due to mixing. There are two types of tanks 
in the complex as presented in section 3 : Uf  represents the set of tanks dedicated to store crude oil,whereas Up 

represents the set of tanks dedicated to store final products. Therefore the set of tank in the supply chain is 
defined as Utank ={Uf   Up }. Terminals are composed only of tanks and some of them are facilities used for 
temporary storing whereas others are used as transshipment pointes. Tanks at the transshipment terminals and at 
refineries are demanding pointes. Therefore Udem is defined as the set tanks that satisfy demand and is contained 
by the set Up . the flowing two subsets are contained by the set Udem :Uco that represents product tanks at refinery 
sites that supply the local market as well as other markets, that is, product tanks at refinery sites connected to the 
distribution pipeline network and Unc that represents the product tanks at refinery sites that supply only local 
market. Union of these last two sets corresponds to the set of product tanks from refineries Ur. 
The general representation of a tank slightly differs from that presented in Fig.2 . the general modeling 
framework for tanks is depicted in Fig.3 .tanks may be fed with multiple inlets streams but there is only one 
outlet stream associated with tanks. according to Fig.6, the flowing equations can be written : 

 
Fig 3- tank model 

 
QFu,t = ∑

∈ USusu ,'(

Qu',s,u,t                                                                              ∀  u ∈  Utank , t ∈  T             (8) 

 
Volu.t =Vol u,t-1 +QFu,t – Demu,t –QSu,s,t                                                                                              ∀ u∈  Utank , s ∈  SOu, t ∈  T               (9)  
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QSu,s,t = ∑

∈ sUOuu ,'

Qu,s,u’,t                                                                ∀ u∈ Utank\ Unc ,s∈ SOu,t ∈ T               (10) 

 

Yu,s,u’,t .Q
L

u
≤ Qu,s,u’,t ≤ yu,s,u’,t .Q

U

u
                                     ∀ u∈ Utank \Unc ,s∈ SOu ,u’∈ UOu,s ,t ∈ T     (11) 

 

PFu,p,t = ∑
∑

∈

∈

USusu

USusu

tusQu

tpsPSutusQu

),'(

),'(

,,,'

,,,'.,,'
                              ∀ u ∈ {Uco ∪ Unc},p∈ PIu,t∈ T               (12) 

 

Vol
L

u
≤ Volu,t ≤Vol

U

u
                                                                       ∀  u∈ Utank,t∈ T                   (13) 

  
Eq.(8) describes the mass balance at the mixer of tank u at time period t.  
Eq.(9) denotes inventory variation that depends on the inlet stream and on the two outlet streams Demu,t and 
QSu,t that denotes demand and outlet flowrate, respectively. Note that Eq.(9) presents the two outlet stream terms 
for tanks UnckUu /tan∈ . Since tanks u∈ Unc have no connections with other elements of the supply chain, 
QSu,s,t  in Eq.(9) is dropped in these cases . moreover tanks u∈ Uf and tanks u∈ Up/Udem do not present Demu,t .  
Eq.(10) denotes thje mass balance at the splitter of tank u . note that the set SOu  contains a single stream which 
can be further split to be sent to pipelines or processing units(in case u refers to petroleum tanks at refinery sites.)  
Eq.(11) is necessary to avoid transportation of small volumes of petroleum type or products through pipelines, or 

small charges of petroleum type to distillation columns.  
Eq(12) estimates feed properties for every tank u∈ {Uco ∪ Unc}, which represent product tanks at refineries. 
Properties are not evaluated at terminals. Instead , product quality boundaries are imposed at product tanks at 
refinery sites. Once property constrains are satisfied at refineries, they are consequently satisfied at terminals. 
Eq.(13) defies the inventory variable domain.  
 
4.3. Pipeline model  

 
   Pipeline is defined as a piece of equipment that transports crude oil and products. Neither physical nor 
chemical properties are modified during transportation. As hypothesis, different petroleum types or products are 
never mixed when transported in pipelines. A well-defined interface is assumed to exit between two different 
products or petroleum types. Therefore it is considered that there Is no property depletion due to the direct 
contact between products or petroleum types. Thereby, the general framework for modeling a pipeline is to 
consider it as a group of units in parallel, as depicted in Fig.4. note that every stream fed to the pipeline u passes 
through it with no contact with other streams. Consequently, the inlet and outlet amounts of every stream are 
identical. According to Fig.4 and considering that set Upipe represents pipelines that compose pipelines networks 
in the complex, the following equations can be written:       
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Fig 4 – pipeline model 

QFu,t = ∑
∈ USusu ),'(

Qu',s,u,t                                                                                                                     ∀  u ∈  Upipe , t ∈  T      (14)  

 
QSu,s,t = Qu',s,u,t                                                                               ∀  (u',s) ∈  USu , u ∈  Upipe , t ∈  T  (15) 

 
QSu,s,t = Qu,s,u',t                                                                    ∀  u ∈  Upipe , s ∈  SOu , u' ∈  UOu,s , t ∈  T   (16) 

 
QFu,t ≤  QFU

u                                                                                               ∀ u ∈  Upipe , t ∈  T         (17) 

 
Eq.(14) calculates the feed flowrate at the pipeline u at time period t. as seen in Fig.7 once a tank is selected to 
supply pipeline u at time period t (yu1,s1,u,t = 1, for instance), the lot Qu1,s1,u,t is sent to it and the same amount then 
leaves it as stated in Eq.(15) . this equation corresponds to Eq.(2) of processing units.Eq.(16) denotes the mass 
balance at mixers of pipeline u for every stream s (s ∈  SOu) transported through it. Note that UOu,s denotes a 
unitary set, since stream s is sent to only one tank. Finally, Eq.(17) defines pipeline capacity.  

 
4.4. Petroleum supply chain model 

 
   Models of the elements presented in the previous section take part in the set of constrains that compose the 
optimization problem of the whole complex. The objective function is defined inEq.(18) where the maximization 
of the revenue obtained by the product sales minus costs related to raw material, operation, inventory and 
transportation is determined. The operating cost is represented by a non-linear term that depends on the unit 
operating mode. If the unit operates at its designed condition, a fixed cost is incurred. Otherwise, a proportional 
cost is incurred, which depends on the deviation variable Vu,v,t . transportation cost depends on the pipeline 
segment. 
Problem PSC:  
  

Max Z = CPu,t . Demu,t -   Cpetu,t . QFu,t 

∑ [Cru +  (Cvu,v . Vu,v,t)] . QFu,t 

Cinvu . Volu,t -   Cinvu . Volu,t 
Ctu . QFu,t                                                                                                                                                                                       (18) 
Subject to: 

•  Eqs.(1)-(7) to represent processing units at refineries; 
•  Eqs.(8)-(13) to represent petroleum and product tanks; 
•  Eqs.(14=(17) to represent pipelines of crude oil and products. 

   

www.SID.ir



Arc
hive

 of
 S

ID

PF L
tpu ,,  ≤  PFu,p,t ≤  PFU

tpu ,,  

∀ u ∈  {Upu U  Uco U  Unc} , t ∈  T                                                                                 (19) 

QF , QS , Q , Vol ∈  +ℜ ;      PF , PS , V ∈  ℜ ;     y ∈  {0,1} 
 
where Uport is a subset of Uf  that represents tanks at the port that store the purchased crude oil from suppliers. 
Eq.(19) enforces the idea of imposing bounds on feed properties to product tanks at refineries, as well as 
processing units. The former is usually imposed by environmental regulations and customers specifications, 
whereas the latter is determined by limitations on processing unit operation. The complete model corresponds to 
a large-scale mixed-integer nonlinear programming (MINLP) problem, which contains thousands of continuous 
variables and hundreds of binary variables depending on the planning horizon. It is important to note that the 
binary variables correspond to the acquisition of crude oil types at every time period as well as the decision of 
transfer of streams between the several elements of the chain. 
Connections among units from the same refinery are accomplished according to the scheme depicted in Fig.5 
and that is illustrated in the next section. Refineries and terminals are connected according to the scheme 
depicted in Fig.7. this means that refineries transfer their products to terminals in a tank-pipeline-tank 
configuration, and vice versa. The same is valid to petroleum transfer. Therefore, there is always a petroleum 
tank farm and a product tank farm in the refineries (see Figs.3 and 4). Only few unit-tank or unit-unit 
connections are allowed, as showed in Figs. 10-13. in this case, the connection framework follows that of Fig.5. 
it must be clear that Eq.(3) is responsible for the connection from one unit to another through Eq.(1) or to a tank 
through Eq.(8) tanks and pipelines are connected through EQ.(10) that applies to the former and Eq(14) that 
holds for the latter. Finally, products leave a pipeline (Eq.(16)) to feed a tank, as inforced in Eq.(8) . in summary, 
the role of variable Qu',s,u,t is to connect variables QSu',s,t and QFu,t .  
 
5. Conclusions 
 
   In recent years, enterprises have been forced to change their management rules from a decentralized 
management to a context which share of information with other elements that compose the supply chain to which 
they belong has become vital. The whole complex topology is built through general structures representing 
processing units, storage tanks and pipelines and by connecting the elements of the chain according to the 
particularities of these structures. We hope this model to be useful for our refineries , especially when we decide 
to export our petroleum products or LPG,etc. 
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