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The primary purpose of this research is to develop a mathematical framework for the planning and optimization of the petroleum supply chains from the country-level perspective. Further, a deterministic mathematical model is presented to identify the decisions related to the flow between nodes, production capacities at each level, and how to satisfy the demand to maximize the profit from local and international markets. The developed model was solved by using commercial software, Supply Chain Guru. Furthermore, the Libyan petroleum case study is applied as an example to show possible improvements in the petroleum supply chain application, visualize the new supply chain configuration, and validate the results. Results show that the model allows improvements in both profit and service level if the right production and distribution decisions are set. Finally, the optimization model helps decision-makers identify the production and distribution plan under some risky events.

INTRODUCTION

The petroleum industry is in the heart of our modern societies. It is considered a strategic industry worldwide since oil products are the second most consumable resources across next to water [1]. It generates wealth to the industries and countries. The petroleum industry creates a challenge in supply chain development because different products are widely used in other economic activities with different costs. Furthermore, the consumption of petroleum products, especially in transportation, will be increasing in the future [2]. On the one hand, petroleum is the most important sector for both Gross domestic product (GDP) and export incomes.

On the other hand, it created many challenges for both academics and practitioners. Therefore, the optimization of supply chain operations is critical to managing the petroleum supply chain successfully. Traditionally, the petroleum supply chain comprises three streams, namely upstream, midstream, and downstream, as illustrated in Fig. 1.

Fig. 1. Network petroleum supply chain sector

The petroleum supply chain starts with crude oil production provided to the refineries and petrochemical and then supplied worldwide [1]. In the past, supply chain planning models are developed and tested in real cases from a purely economic perspective and proposed different solutions to reduce costs and maximize the profit. Optimization of the petroleum organization profit is considered as one of the biggest challenges in supply chain management (SCM). SCM can generate a massive profit by providing the best design of the petroleum supply chain network. It is also important to notice that the petroleum sector suffers from a lack of management between parties and miss communication among the sectors (upstream, midstream, and downstream), stockholders, and suppliers [START_REF] Al-Othman | Supply chain optimization of petroleum organization under uncertainty in market demands and prices[END_REF]. Therefore, in this section, we will discuss the recent developments in supply chain planning and modeling in the petroleum sector and discuss the techniques and methods used to achieve more efficiency. Also, we focus on research studies with a broad perspective that looks to the integration of the different streams simultaneously.

MOTIVATION AND PROBLEM DESCRIPTION

Petroleum-producing countries, such as Libya, ranked in the top 20 in 2018 with a production of approximately 1,039 thousand barrels per day (bbl/d) [4], need to revise their supply chain strategy for production, refining, petrochemical, and transportation. Strategy development is so complex because several parameters have an impact on the decision-making process. It needs a long-term planning process and must consider the demand and price of different products and the capacity of the supply chain network. Moreover, for each stream in the petroleum supply chain, we have a possibility of instability in the international market for the demand and price and possible production uncertainty related to the risk due to political issues. As a result, profitability and network capacity are not guaranteed and might lead to revenue losses. For instance, the Libyan production was high in 2010, with 1,802 thousand barrels per day. However, due to political issues and instability, the production is reduced by almost 42%, as shown in Since demand is decreased and the cost of facilities operations is high, it is important to design the optimal network to efficiently adjust the production. So, the question here is how to help the decision-maker establish the best use of all the production facilities in the network to deliver the demand and respect the OPEC quota.

Problem description

In this paper, to build a model adapted to the reality of the petroleum supply chain, we consider an extended supply chain network to tackle the problem from the country-level perspective. In this section, the flowchart is shown in Figure .  3 illustrates the proposed model's processing stages for the Libyan petroleum sector supply chains at different levels.

Fig.3. illustrates processing stages for the petroleum sector

The petroleum organization extracts the crude from several potential onshore and offshore wells. Four crude grades are produced (very Light, light, medium, and heavy) with different API numbers (American Petroleum Institute). The extracted crude is moved by using different transportation modes, mostly through pipelines, to the local refineries. Other crude oil types are exported to the international markets (European Union, Asia, and North America) through export terminals. At the refinery level, the main task is to transform the crude to the value products by various transformation technologies with a set of processing units. This study's main products are naphtha, kerosene, gas oil, asphalt, jet, diesel fuels, and lubricants. The refinery products might be either exported to market sources, used locally, or fed to local petrochemical. The petrochemical plants produce high-value products like ethylene, propylene, styrene, butadiene, and benzene. Finally, we consider that the planning horizon for the coming 20 years is divided into different periods of one year. In this supply chain, several essential decisions must be made, including how much to extract, the flow of oil from wells to the refinery, and product shipment from the plant to the demand.

LITERATURE REVIEW

The area of petroleum supply chain management has become an interest for many researchers and practitioners, especially in economic analysis. The literature targets separately crude, refinery, and petrochemical supply chains using various methodologies [START_REF] Sahebi | Strategic and tactical mathematical programming models within the crude oil supply chain context-A review[END_REF]. Sahebi et al. ( 2014) developed a mathematical model for profit maximization by considering long-term strategic decisions [START_REF] Sahebi | Environmentally Conscious Design of Upstream Crude Oil Supply Chain[END_REF]. The real case study results from the Persian Gulf shown that the technology selection for crude extraction influences the profit for a long-term horizon. In another study, some authors proposed a mathematical formulation and an optimization model for the production planning at the processing refinery units [START_REF] Zhao | Multiperiod planning model for integrated optimization of a refinery production and utility system[END_REF]. They showed that the integration between the production system and the refinery's utility system obtains the optimal unit operations and achieves an improvement in the overall profit. [START_REF] Hadidi | An optimization model to improve gas emission mitigation in oil refineries[END_REF] formulated an optimization model to identify the best technologies for pollution mitigation in petroleum refineries at the minimum cost [START_REF] Hadidi | An optimization model to improve gas emission mitigation in oil refineries[END_REF]. Using a case study in Saudi Arabia refineries, gas emissions (Nitrogen oxides: NOx, Sulfur oxides: Sox, and volatile organic compounds: VOC) reduction was achieved and vary between 20% and 90%. Al-Sharrah et al. (2016) proposed and tested a linear programming model for the optimization of an entire petroleum organization (crude production, refineries, petrochemicals, and downstream) [START_REF] Al-Sharrah | Planning a Supply Chain with Risk and Environmental Objectives[END_REF]. They used the model to measure the impact of the optimal production scenarios and improve economic performance. Furthermore, [START_REF] Azadeh | Evolutionary multi-objective optimization of environmental indicators of integrated crude oil supply chain under uncertainty[END_REF] presented an optimization planning model to study how the integration of upstream and midstream streams contributes to profit maximization [START_REF] Azadeh | Evolutionary multi-objective optimization of environmental indicators of integrated crude oil supply chain under uncertainty[END_REF]. The results show that reducing production costs and increasing production capacity have the same effects on the profit. Using a different case study, Ghaithan et al. (2017) develop a multiobjective optimization model to minimize the total cost, maximize the total revenue, and maximize the service level [START_REF] Ghaithan | Multi-objective optimization model for a downstream oil and gas supply chain[END_REF]. [START_REF] Lima | Stochastic programming approach for the optimal tactical planning of the downstream oil supply chain[END_REF] discussed the tactical planning of the downstream oil supply chain distribution problem of refined products and carried out an analysis related to petroleum price and demand uncertainties [START_REF] Lima | Stochastic programming approach for the optimal tactical planning of the downstream oil supply chain[END_REF]. [START_REF] Moradinasab | Competition and cooperation between supply chains in multiobjective petroleum green supply chain: A game theoretic approach[END_REF] develop a mixed-integer linear program model for the downstream oil supply chain and a game theory approach under three objective functions: minimize pollution, maximize the profit, and maximize job creation [START_REF] Moradinasab | Competition and cooperation between supply chains in multiobjective petroleum green supply chain: A game theoretic approach[END_REF]. More recently, Attia et al. ( 2019) proposed a multi-objective tactical planning model to optimize the upstream oil and gas [START_REF] Attia | A Multi-Objective Optimization Model for Tactical Planning of Upstream Oil & Gas Supply Chains[END_REF] simultaneously [START_REF] Attia | A Multi-Objective Optimization Model for Tactical Planning of Upstream Oil & Gas Supply Chains[END_REF]. The model considers three objectives: environmental impact, depletion of the natural resources, and minimizing cost and/or maximizing the revenue. The results showcase how the proposed model can support the decisionmaker to make tradeoff analysis of different production plans subject to sustainability constraints. Finally, Al-Othman et al. ( 2008) developed a petroleum supply network model. They addressed the integration of all levels upstream, midstream, and downstream. In summary, the literature review indicates that these models focus on separate streams in the petroleum sector and cannot support strategic planning optimization from the country level. An integrated model that include the different streams (upstream, midstream, and downstream) will help the decision-maker to plan the use of the different reserves of oil (wells) strategically and optimize the production plans for refineries and petrochemical plants at the country level to maximize the revenue from the whole petroleum industry sector. Therefore, in this work, we propose a novel and integrated planning model to optimize the petroleum supply chain at the country level. This work's main contribution is that it is the first study that includes the different streams together (crude, refinery, petrochemical, and transportation) in the same model. This developed model is applied for the first time to a real case study in Libya to analyze the petroleum sector from a supply chain perspective. Also, to show the improved model application, visualize and validate the results from the optimization model. We introduce a multi-period and multiproduct model, including several decisions (production, transportation, and distribution). A scenario-based analysis is conducted to evaluate the impact of uncertainty and risk events on the supply chain performance. The main objective is to identify the possible improvement of petroleum supply chain performance at the country level. The remainder of this article is organized as follows. Section 2 presents the motivation and problem description. Also, the literature review will be presented in section 3. A simplified mathematical model and the data collected are introduced in section 4. Comprehensive analysis and some managerial insights are shown in section 5. Finally, a conclusion discusses the main results, and future research directions are presented in section 6.

MODEL DEVELOPMENT AND DATA COLLECTION

Model development

This section presents a deterministic mathematical model for optimizing the petroleum supply chain sector, including a list of sets, parameters, and continuous decision variables. Also, the proposed model includes all entities and their connections from oil wells to petrochemical plants. 

Model Formulation

Sets

H h n n h n t SQH SH n N h H t T        (4.15)
Demand constraints, (4.5), (4.6), and (4.7) constraints show the upper and lower of crude oil demand for international markets, refinery for local market demand, and petrochemical products for the international market.

Material balance constraints: the sum of incoming flow must be equal outgoing flow through the network at any different sectors. Constraints (4.8), (4.9), (4.10), (4.11), and (4.12) represent the material balance for crude oil refinery and petrochemical, respectively.

Capacity constraints (4.13), (4.14), and (4.15) expresses the upper bound and lower bound for crude oil, refinery, and petrochemical storage capacity. In addition, there are three binary variables presented in this model. The first binary variables w C t BW which represent the location of the well in period t in the model. This variable takes value equal to 1 if we decide to locate new wells and 0 if not. The other binary variables for refinery R rt BR and petrochemical ht H BH as well.

Data collection

The Libyan petroleum supply chain network is composed of several Oil wells. The crude oil is extracted from five (5) onshore basins and two (2) offshore platforms. Two types of crude oil are produced (Low Crude Oil (LCO) and Heavy Crude Oil (LCO)) and transported via pipelines to feed the local refineries as well as storage tanks and exported to satisfy the international market as agreed in the OPEC quota. Furthermore, the supply chain contains five (5) refineries located in different regions with 380,000 bbl/day production capacity. Some of the refinery products (Gasoline, Naphtha, Jet fuel, and LPG) are used to satisfy the local demand. The remaining quantities are used as a feedstock for two (2) local petrochemical plants to produce Ethylene, Methanol, Ammonia, and Urea. The petrochemical products are used to satisfy the need of local industries and international demand [START_REF] Barker | Development of the Libyan oil industry[END_REF]. In this study, we consider the following scenario for demand in a million barrels (Mbbl) per year from the different sectors (crude oil, petrochemical products, and refinery products) during the next 20 years' time horizon as illustrated in Fig. 4. The forecast is produced based on the historical data and global oil and the global oil supply and demand Outlook [START_REF] Sieminski | International energy outlook[END_REF]. Regarding market distribution, Fig. 5 illustrates the proportion of the local market versus the international market. Fig. 5. International versus local market demands Fig. 6 gives more details about the international crude oil market distribution by region. The European market is the most important one, followed by the USA and China. Finally, when we look to Fig. 7, the European region is the only customer for petrochemical production where the Netherlands is considered the most important country. In the next section, we will present the main results and findings after using the proposed model combined with the collected data.

RESULTS AND ANALYSIS

Using a commercial software supply chain Guru (SCG), the model is implemented in less than one minute. The obtained model represents 5,340 variables, 400 integers, and 3,695 constrains. The model was validated first using the demand for 2019. After that, we analyze different scenarios. For this study, we will consider three scenarios. For the first one named the Baseline (scenario 1), which represents the optimal supply chain plan that results from using the deterministic model by considering all parameters, the actual rules and constraints described in section 3 are maintained. In the second scenario, we eliminate some rules and constraints to change some policies that have been applied in the previous years, which are not realistic in the future. Finally, in scenario 3, we consider the planning process under some risky events. The results for scenario 1 of the aggregated production for the 20 years horizon per product are illustrated in Fig. 8.

Fig. 8. Aggregated production quantities per product

Table 1 shows the detailed production quantities in Million bbl (Mbbl) and production and transportation costs in Million US dollars (M $) for each product in the different sectors. The production cost in the crude sector is the most dominating cost. The crude production cost is nearly 86% of the total cost while refining 8% and petrochemical 6%. Also, transportation cost has a majority in the crude sector 84% and 4% in the refinery. Regarding demand satisfaction, customer flows are illustrated in Fig. 9. We noted that the crude oil shipments satisfy all demands.

Figure. 9. Demand vs. to flow for different products

Tables 2 illustrate the profit and service level, which can be calculated by the variation between flow and demand. We focused on scenario one Baseline to see how the cost is reduced for transportation and production. Because all the wells in the Baseline are used, but in scenario 2, some wells (W1, W3, and W4) are not used because the production cost is expensive. The actual capacity and policy rules are not synchronized with future demand. Therefore, it is essential to analyze and implement new rules at the country level to maximize profit and increase the service level. In scenario 2, we exclude some of the production constraints included in the baseline scenario to guarantee each well's minimum production level. In the third scenario, we test the network to simulate the production interruption in the risky well 2. This scenario has decrease service level but increases the profit. The results are illustrated in Table 4 to compare two scenarios (10% increase, 10% decrease in market demand), which shows that the profitability in scenario 1 is more increased by 63% concerning the base case scenario. This represents a case of higher crude oil sales revenues (compared with the base case). However, scenario 2 resulted in a decrease in profitability due to reducing their crude oil production level because it is the most products that have more priority to generate high profits.

As a result, we need to establish the best strategy for two scenarios (1,2) to face the change of the production level variation for each product to still get the maximum profit. 

CONCLUSIONS

This paper aimed to develop an optimization model for supply chain planning in the petroleum industry, which accounts for economic performance. The considered decisions are related to the flow between nodes, production capacities, and satisfy the demand from the country-level perspective to maximize the profit from local and international markets. We examined the model performance through the Libyan case study's real data with the time horizon analyzed and covers 20 years. From the case-study analysis, we can conclude that the generic mathematical model allows improvements in the economic side as a first step and offers essential managerial insights. Finally, future work should include environmental and social problems as the second step to establish a strategic plan for solving problems related to the sustainability dimensions. 
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 2 Fig. 2. Crude oil production from Libya.
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  w C LC = Setup cost of location well wW  $ C wpjt PRC = unit transportation cost of crude oil product p P  transported from well wW  to the crude market j J  t tT  ,($/bbl) C wprt PRR = unit transportation cost of crude oil product p P  transported from well wW  to the refinery rR  at t T  ($/bbl) C pjt FCC = Unit selling price of crude oil p P  to market jJ  at period tT  ($/bbl) pwgt C EXC = Variable extraction cost of one bbl of crude oil product pP  at wells wW  during period tT  ($/bbl) C pjt DC = Demand of crude oil product pP  by crude market j J  at period t T  (bbl/y) max p SC = Overall storage capacity for crude oil product pP  (bbl/y) max,min t VC = Maximum and Minimum production level of crude oil production at the period tT  (bbl/y) pj C  =Yield of crude oil product pP  produce at well wW  from the market jJ  (bbl) Crude oil related continues decisions Variables wj C pt XC = flow of crude oil product pP  transported from well wW  to market jJ  during period tT  (bbl/y) wr C pt XR = flow of crude oil product pP  transported from well wW  to refinery rR  during period tT  ,(bbl/y) C pwgt VC = Extracted Quantity of crude oil product pP  at well wW  during period tT  (bbl/y) p C it SC = Quantity of crude pP  kept in the storage tank iI  of crude at period tT  (bbl/y) Crude oil related Binary decision variables w C t BW = Binary variable takes a value of 1 if we locate well wW  at period tT  , 0 otherwise Refinery related parameters R er CSR = Storage cost of product eE  at refinery rR  ,($/bbl) R er CVR = Production cost of refinery product eE  from refinery rR  , ($/bbl) r R LR = Setup cost (fixed cost) of refinery location rR  Overall storage capacity for a refinery, (bbl/y) R rest PRIS = Unit transportation cost of refinery product eE  transported from refinery rR  to market sS  at a period tT  ($/bbl) R reht PRISH = Unit transportation cost of refinery product eE  transported from refinery rR  to petrochemical plants hH  at period tT  ,($/bbl) R ert VTR = Variable transformation cost of one bbl of product eE  at the refinery rR  at period tT  ,($/bbl) r R p CCR = unit cost of processing crude product pP  ion refinery rR  ($/bbl) R est DR =Demand of refinery product eE  by the market sS  at period tT  ,(bbl/y).

  and min production of crude mix to refinery rR  at period tT  (bbl/y) p,r  =Fraction of oil product eE  contributing to the crude of refinery product eE  transported from refinery rR  to refinery market sS  by transportation mode vV  tT  (bbl/y).R rehvt XHR = flow of refinery product eE  transported from refinery rR  to petrochemical plants h H  by transportation mode vV  during the period tT  (bbl/y) R ret SQR = Quantity of product eE  kept in the storage tank at period tT  (bbl/y) R ert VR = Production quantity of product eE  at the refinery rR  at the period tT  (bbl/y) R ert VH = Quantity of refinery product eE  produced by refinery rR  and used as a feedstock to the petrochemical plants at the planning period t (bbl/y) pr C t VCCR = Quantity of crude oil product pP  processed by refinery rR  at period tT  (bbl/y)

Fig. 4 .

 4 Fig. 4. Total aggregated demand per sector.
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 67 Fig. 6. Crude oil market distribution

Figure. 10 .

 10 Figure. 10. show production quantity for the petroleum sector

  R. Al-Husain, T. Assavapokee, and B. Khumawala, Supply Chain Management in the Petroleum Industry: Challenges and Opportunities. 2006, pp. 90-97. [2] BP., "BP statistical review of world energy 2018," 2013.

Refinery related binary decision variables

  

	Objective function The objective function (Z) for the deterministic model is defined as the profit to maximize, which is equal to the total revenue minus the total costs, including (production, transportation, and storage cost) $/ bbl. The following equation	R rt R ret SR (4.10) = BR = Binary variable takes a value of 1 if we decide to 1 , , , R C R R ret wprt rest reht w s h SR XRC XR XHR p P r R T -+ --         locate refinery rR  at period 1 1 1 1 1 , , R R C R R re re wpr res reh SR SR XRC XR XHR p P r R 1 + = -       tT  , 0 otherwise. er w s h (4.11)  = Binary variable takes a value of 1 if product eE  by Materials balance for the petrochemical sector
	expresses it, where		,, R Z Z Z are the profitability related to C H	refinery otherwise rR  use as a feedstock to petrochemical plants, 0 r z p 1 hpz hpz , , , h h R H hpt h t t t SH SH XHR XH n N h H T -= + -       	1
	crude oil, refining, and petrochemical sectors, respectively. Z = C R H Z Z Z ++ (4.1)	(4.12) Storage crude capacities Petrochemical related Petrochemical parameters H LH = Setup cost of petrochemical plant Location hH  max t , , , C c wp p w p t SQC SC w W p P t T       (4.13)
	( =- * ) C C wpjt pjt w p j t XC FCC ( * ) ( C C w wt w t C Z w r v LC BW T B CR wv r C +   t w w v v ( * ) ( C j j t w w C t j v t p t COC E XC * t COC R wrv C w p t * C C w pt t V BTC C + ) + ) +  	h CSH = Storage cost of Petrochemical products H nh Storage refinery capacities max t , , , R R re e SQR SR r R e E t T nN  at        (4.14) petrochemical plants hH  ($/bbl). zt H n DH =Demand of the petrochemical product nN  by the petrochemical market zZ  at tT  (bbl/y) r e t Storage petrochemical capacities max ht , , ,
	( CSC r v  CC * pw wpt SC  w p t s t r es (( R R t Z XR =	)) * FRR est R	)	-	r  t	r R LR (	*	(4.2) ) R rt R B +	H nzt FHH = Unit selling price of petrochemical product nN  to market zZ  at tT  ($/bbl) max SH = Overall storage capacity for petrochemical plants,
	v rh R COHR er * )) R t TRAF VR rhv ( R t BTRH  r h v t r e t re ( * R t 	t	)	+	 r s v t	(	rs v R R BT	t	*	rsv R OR C (4.3) ) t +	(bbl/y) max nh tt n min h , VH VH = Maximum & Minimum production level of petrochemical product nN  at petrochemical plants
	Z	H	=		(	XH	hnzt H	*	FHH	H nzt	)	-		(	* LH BH H h	ht H	)	+	h H  at tT  (bbl)
	h  n h n z t (	z XH	t hnzt H	*	FHH	H nzt	)	+	h  z v t	(	h BTH t	hzvt H	*	COH	hzv H	t	)	+	H nvt nN  transported from petrochemical plants = Unit transportation cost of petrochemical product hH  to
		( V H	nh H tt hn ) ( * H H hh * H t VTH C SH SH + 	))	petrochemical Market	z Z  at period tT  ($/bbl)
	h	t																	n	h	t	(4.4)	VTH	nh H	gt	= Variable transformation cost of one bbl of
	Constraints													product nN  in petrochemical plant	hH  at	tT  ($/bbl)
	A set of constraints have proposed to determine the feasibility of the model. They are classified as four categories: material	Petrochemical related continues decisions variables
	balance, demand balance, storage constraints, and production yield, they are presented next.	XH	hzvt H n	= Flow of Petrochemical product nN  transported
																				from petrochemical plants	hH  to petrochemical market
	Crude demand satisfaction wj , CC pjt p t DC XC p P j J t T , , =        w Refinery demand satisfaction	(4.5)	zZ  by transportation mode vV  during period (bbl/y) hnt H SQH = Quantity of petrochemical product nN  s kept in t T 
	r RR est rest DR XR = 	,	, e E s S t T ,      	(4.6)	stock at the petrochemical plants (bbl/y)	hH 	time periodt		T
	Petrochemical demand satisfaction h ht , , H H nzt nz DH XH n N z Z t T , =       	(4.7)	hn H VH = Production quantity of petrochemical product t nN  at petrochemical plants hH  during period tT 
	Materials balance for the crude oil sector	(bbl/y)
	C wpt C S	=	C wpt SC	1 -	+	g 	w C pt VC	-	j 	C wpjt XC	-	r 	C wprt XRC	, P w W T ,     p  	1	Petrochemical related Binary decision variables
	(4.8)																
	1 wp C SC	=	1 wp C SC	+	g 	C wp g VC	1	-	j 	C wpj XC	1	-	r 	C wpr XRC	1	,   p P w W ,  	ht H BH = Binary variable takes a value of 1 if we decide to
	(4.9)																	locate the petrochemical plant	hH 	at period tT  ,0
	Materials balance for the refinery sector	otherwise

Table . 1

 . . Production and transportation cost for scenario 1
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	150				
	100				
	50				
	0				
	2020 2021 2022				
	Products	Production Cost (M $)	Transportation Cost (M $)	Quantity (Mbbl)	Average cost ($)
	LCO	112,605	17,506	9,457	13.76
	HCO	9,783	2,038	815	14.50
	Gasoline	11,104	1,708	854	15
	Jet fuel	1,843	737	369	7

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 Mbbl Crude oil demand Petrochemical demand Refinery demand International Market 83% Local Market 17% 0 2000 4000 6000 8000 10000 Ethylene Gasoline Heavy crude oil Jet fuel Low crude oil LPG Mbbl/y

  

	LPG	2,860	1,005	502	7.69
	Ethylene	9,953	386	154	67

Table 2 .

 2 Profit and Service level for scenario 1.

	Products	Demand (Mbbl)	Flow (Mbbl)	Profit (M$)	Service level
	LCO	9,848	9,457	360,054	96%
	HCO	886	815	37,094	92%
	Gasoline	1,042	854	81,147	82%
	Jet fuel	380	369	26,171	97%
	LPG	922	502	41,342	55%
	Ethylene	205	154	12,808	75%

Table 3 .

 3 Demand, flow profit, and service level in diff scenarios

	Scenarios	Demand (Mbbl)	Flow (Mbbl)	Profit (M $)	Service level
	Scenario 1	13,281	9,697	558,616	73%
	Scenario 2	14,053	9,697	600,271	69%
	Scenario 3	13,980	9,697	601,198	69.3%

  Table. 4. The difference between scenario 2 and 3

	Scenarios	Products	Profit (M $)	Profit increase/decrease
	Scenario	Ethylene	14,089	10%
	+ 10%	Gasoline	89,262	10%
		HCO	4,0804	10%
		Jet fuel	29,086	10%
		LCO	407,320	13.13%
		LPG	46,363	9.97%
		Total	626,924	12.23%
	Scenario	Ethylene	11,528	-10%
	-10%	Gasoline	73,033	-10%
		HCO	33,385	-10%
		Jet fuel	23,798	-10%
		LCO	256,486	-13.13%
		LPG	37,961	-9.97%
		Total	492,492	-11.84%
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