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ABSTRACT
OF THE THESIS OF

Rayan Hammoud Hmaidan  for Master of Engineering Management
Major: Industrial Engineering and Management

Title: Feasibility Analysis for a New Refinery in Lebanon

Oil refineries continue to be a valuable resource for many countries since they generate
the primary energy sources used in a variety of industries. The technical and financial
viability of an oil refinery in Lebanon is the focus of this project.

SWOT, PESTEL, Stakeholder analyses in addition to a managerial study were conducted
to assess the effect of the surrounding factors.

The various costs and revenues were estimated, and profitability indicators like NPV and
IRR were calculated to be more than $10 billion and 50% respectively.

A sensitivity analysis was also performed. Existing Location (Zahrani) and pipeline
transportation mode showed the lowest costs on the project.

Petrol prices were forecasted throughout the refinery’s lifetime and the economic analysis
signals showed that the model is profitable considering risks raised by the fluctuations in
prices.

Changing the refinery design was also performed to meet the rising demand of propylene
and ethylene products or to encounter an imposed shift for electrical cars. Results showed
that NPV is greater than $7 billion which means that the project remains profitable.

The effect of gas exploration on the refinery is also studied and showed that the
condensate from the gas may be used as input to the refinery, but more detailed studies
shall be done to reach accurate results.

Although oil refineries constitute a huge asset for the Lebanese economy and remain one
of the main pillars of the economic upturn, especially during the current crisis, more
studies are still required, in order to maximize profitability while minimizing risk.
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CHAPTER 1

LITERATURE REVIEW

For more than a century, the oil refining sector has been a key component of the
world economy. Refineries have adopted innovative operating procedures and
technologies as a result of the rising demand for petroleum products such plastics,
industrial chemicals, jet fuel, diesel, and diesel-based transportation fuel.

A feasibility study of the rehabilitation and expansion of existing oil refineries in
Lebanon were performed in 2003 [1] dealing with different scenarios.

The study described the demand for the major petroleum products in Lebanon, then
forecasted this demand for the next 15 years using time series analysis by both linear and
trend methods. The status of the two Lebanese existing refineries was assessed also.

The feasibility study included defining the costs and revenues associated with the
rehabilitation project. The profitability indicators were applied on the project. The results
were positive meaning that the project was economically feasible.

A different aspect of the study was to compare the price of an imported ton of oil to the
price of an oil ton that had been treated locally. It concluded that, despite the fact that
imports were less expensive for the Lebanese government, Lebanon's economic security
outweighs other advantages, making it advantageous for the nation to create its own
petroleum products.

Another feasibility study for a new oil refinery in Lebanon was performed in 2013.
[2] This project's goal was to assess the viability of building a new oil refinery to take the
position of the Tripoli Oil Installation, which has been shut down since 1992 as well as
the project's ability to compete with other offerings in the market. To determine the

needed processing capacity of the refinery, the demand for the main petroleum product



in Lebanon for the previous 14 years was examined, and a projection for the following
23 years was then established. Estimates of the associated expenses and revenues were
made, and profitability measures like NPV and IRR were used. The findings under the
base case demonstrated not just a financially successful project, but also a competitive
edge in relation to the worldwide market.

The first two studies didn’t mention the design to be chosen for the refinery. A
study of the feasibility of oil refineries in Lebanon were performed in 2022 [3] added to
the previous studies the design of the refinery comprising mainly oil pre-treatment,
atmospheric distillation followed by vacuum distillation, and naphtha processing through
Methaforming process. The model was simulated on Aspen Hysys and the economic
analysis showed that the project is profitable.

Another study of a Mathematical Model & Feasibility Study for Construction an
Invested Refinery of 100,000 (bbl/day) in AL-Nasiriya Governorate was performed in
2022. [4] The project is composed of defined processing units. Economic analysis was
performed by changing the crude oil and petroleum products prices gradually and the
refinery lifetime and showed that the profitability of the project depends on these changes.

To face the challenges from the previous studies, the feasibility study for a new
refinery in Lebanon shall include the location of the refinery, the importing method for
crude oil, a model representing the fluctuations in petroleum products prices throughout
the refinery lifetime and their risk on the refinery profitability, the rising demand for new

petroleum products, and the effects of gas exploration.

10



CHAPTER 2

INTRODUCTION

2.1 Purpose of the study

Oil refineries are part of the oil downstream sector and convert crude oil and other
feedstock into various refined petroleum products. Most of these refineries focus on
producing transportation fuels including motor gasoline, distillate fuel and diesel fuel.
The amount of petroleum products varies continuously according to the market demand
in a way that maximizes the profitability. [5]

Lebanon has once taken part in the refining sector. In fact, two refineries were
used to refine oil in Tripoli and Zahrani with a capacity of approximately 52,000 bpd of
refined petroleum products. These refineries were shut down due to the Lebanese civil
war and politics, making Lebanon a country totally dependent on importing petroleum
products to fulfill the demand of the energy sector.

The energy sector has been at the heart of Lebanon’s fiscal imbalances for decades
and it is facing many challenges such as weak governance, underinvestment in supply
and lack of financial viability. In fact, Lebanon is not able to fulfill its social and economic
goals due to the lack of energy resources and the growing demand for energy.

The primary energy consumption in the country is mainly distributed on the
following economic sectors: Electricity Generation, Transport, Cooking, Heating,
Industrial Processes. All petroleum products used in the energy sector nowadays are
imported, requiring a huge annual budgetary.

Many studies have been conducted on renewing the Lebanese refineries or

building new ones. The first one was in 2003 and concluded that even that the
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rehabilitation of the two refineries is economically feasible, the cost of importing
finished petroleum products would be lower. [1] The second one was in 2013 and it
recommended the construction of a new refinery under a BOT (Built-Operate-Transfer)
contract, the design was based on the demand forecast. [2]

It is therefore valuable to study the feasibility of building an oil refinery in
Lebanon. To do that we will be developing a strategy that works on transforming the
Lebanese energy sector from burden to contributor, by constructing an oil refinery with
specific design that addresses the energy security needs in the hydrocarbons sector and
ensures the availability of petroleum products at reasonable prices considering all the

risks that may surround these types of projects.

2.2 Scope of the study

For the new refinery project, our study will present a Strategy Development giving
the road to future strategic plans.
To do so, we will research different project’s aspects and analyze multiple factors related
to the company, project, industry, market, competitors, and consumers.

The below roadmap will elaborate more on how the work will be conducted:

2.2.1 Opportunity Statement

It is the initial framing activity that establishes the project case, specifies the project
requirements, and clarifies the project's main goal. First, we will introduce the Lebanese
energy situation and its effect on the economy, then the reasons of choosing a new

refinery build up to answer the energy sector shortage.
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2.2.2 Objectives Hierarchy

It illustrates the opportunity's main goal and the supporting goals that will help it be
achieved. It also aids in developing value metrics that will serve as the foundation for
comparing various strategic alternatives. The global objective is to make the energy sector
a contributor by reducing the energy bill, addressing the energy security needs in the

hydrocarbons sector and increasing the economic growth.

2.2.3 SWOT Analysis

It identifies the internal influences (Strengths and Weaknesses) and external
influences (Opportunities and Threats) of the opportunity allowing for gaining
perspective. The analysis is applied to the refinery sector, to understand the influence of

the surrounding environment on the project.

2.2.4 PESTEL Analysis

It is a method that is used to investigate many factors that influence a company,
organization, or any form of business's market environment. Its ultimate goal is to create
a thorough grasp and knowledge of the organization's external environment and operating
conditions. The analysis is performed here on the refinery sector in a way that clarifies

the influence of the different factors on the project.

2.2.5 Project Boundaries

It clarifies the limits of the work's scope to keep the study from concentrating on

things that will only become apparent to be outside its purview later.
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The projected will be limited to the Location and importing method selection, the cost of
construction, the facilities purchase, the Petroleum products prices, and the Employments

and trainings.

2.2.6 Stakeholders Analysis:

It identifies the major stakeholders who have a substantial impact on the
opportunity, and it explains how these stakeholders affect the opportunity, their
influences, and their motivations. The main stakeholders for our study are the Lebanese
government and population, the Lebanese Petroleum Administration, the Lebanese
businessmen and traders, the near refineries and producers, the International Monetary

Fund, the customers, and the involved companies.

2.2.7 Issue Raising

It permits team members to brainstorm and discuss their issues early in the project
to ensure that everyone is involved and on the same page. The main issues were the
refinery design, location and products, the crude oil source, prices, availability and

importing method, and the possible crisis, pandemics, and instability.

2.2.8 Developing Strategic Alternative

It is a method for creating numerous strategic alternatives by combining different
versions of the same choice for each of the key decisions. Many scenarios were created
based on the import method, the refinery design, the prices fluctuations any many other

factors.

14



2.2.9 Evaluating Strategic Alternatives

It uses sensitivity analysis to evaluate alternatives and choose the most suitable
one. Costs and revenues were estimated in order to calculate the NPV and IRR for each
scenario chosen. Costs are calculated based on the plant design chosen and this includes
capital cost (land, material, plant, equipment, labor, software...), depreciation costs,
maintenance costs, wages and administrative costs, variable operating costs and working
capital. Revenues are estimated by multiplying the output stream of each product from
the refinery estimated by a study done on the Lebanese market by its relative price. These
two criteria are not enough to choose the best scenario due to the variability in Lebanon’s
case. To achieve the most feasible solution a sensitivity analysis was conducted
considering the energy sector uncertainties and fluctuations since Lebanon always faces
obstructions due to its sensitive location, its dependance on its surrounding and the
presence of continuous interferences in the Lebanese internal affairs. This will permit the

adoption of the most suitable combination for our project.

2.3 Methodology

The result of our study will answer the question whether it is economically
feasible to construct a new oil refinery in Lebanon making the energy sector a contributor
to the Lebanese economy. To achieve this, we will start with a managerial study
permitting that reveals the effect of the environment and entourage on the project then we
will evaluate the Net Present Value (NPV) and Internal Rate of Return (IRR) of the
project over the refinery's lifetime. The plant design is taken from a study performed in
the Faculty of Engineering at AUB during 2022 [3] . Costs include capital cost (land,

material, plant, equipment, labor, software...), depreciation costs, maintenance costs,
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wages and administrative costs, variable operating costs and working capital. Revenues
are estimated by multiplying the output stream of each product from the refinery
estimated by a study done on the Lebanese market by its relative price. These costs and
revenues will contribute to the calculation of the NPV, where a positive value denotes a
project that is economically viable. The NPV will be applied to determine the project
profitability. To support our earlier choice, we will also perform sensitivity analyses for

alternative situations in a way that guide to the best solution.
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CHAPTER 3
STRATEGY DEVELOPMENT

3.1 Opportunity Statement

3.1.1 Situation

High dependency on imports: The main resource for energy production in
Lebanon is oil imports. The country imports primarily the following oil products: liquid
gas, gasoline, gas oil, fuel oil, kerosene, and asphalt. These products are used mainly by
EDL and the local market.

Near crude oil accessibility: Lebanon is surrounded by major oil producers that
could potentially feed into its refineries. According to the 2021 U.S. International Energy
Statistics, the Middle East encompasses five countries listed between the ten largest oil
producers in 2020 where Saudi Arabia, Irag, United Arab Emirates, Iran, and Kuwait
account for 25% of the world’s total production. Lebanon used to import crude oil through
two pipelines IPC-Tripoli and Tapline-Zahrani, these pipelines need maintenance and
repair so they could be reused to import oil. Ships are another way to import oil from near
production wells.

Lebanon economic crisis: it is characterized as simultaneous debt, fiscal, banking
and currency crises. Debt crisis is due to extensive borrowing made by the successive
Lebanese governments from local banks and by selling bonds in international capital
markets; Thus, Lebanon’s debt burden is one of the highest in the world (roughly 155%
of GDP in 2019). Fiscal crisis is due to large budget deficit over the years. The Lebanese
banks lent the government their dollar deposits at high rates, and since the government
defaulted on its debt the banks financial situation has become precarious and the

investors’ confidence waned leading to the banking crisis. The currency crisis started in
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2019 when investors started to pull out funds out of the country and the demand for the
Lebanese pounds fell. The Lebanese pound started to lose its value since then and the rate
increase with the depletion of dollar reserves in the central bank until it lost more than
400% in 2022. [6]

High rates of unemployment: Around 40% of Lebanon’s residents live below the
poverty line (less than $14 a day). Extreme poverty has tripled since 2020, from 8% to
23% of the population. Unemployment has risen to more than 30%. Fuel shortages have
led to rolling blackouts, and the United Nations has cautioned that more than half of the
population could face food shortages by the end of 2020.

Land availability: Prior to the 1970s, most petroleum products imported to
Lebanon were in the form of crude oil. The two refineries in Tripoli and Zahrani largely
satisfied the local market. These two lands are available and suitable for reinvestment to

build new refineries.

3.1.2 What are we going to do about it?

The aim of this project is to develop a strategy to transform the Lebanese energy

sector from burden to contributor by developing a new refinery.

3.1.3 Why?

Reduce the energy bill: any decrease will allow the government to invest in
productive sectors or infrastructure in a way that compensates some of the government
debts.

Reduce dependency on import: the import bill will be limited to crude oil only
that will be refined and processed, reducing the country dependency on importing specific

petroleum products from other countries.
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Meet petroleum products demand: The refinery outputs will cover the Lebanese
diverse demand of petroleum products at reasonable prices.

Create job opportunities: Crude oil refineries employ some of a country’s top
scientists, engineers, safety professionals, and many others to ensure that products are
produced efficiently and safely. This will increase the employment rate in Lebanon. In
fact, there is around 96000 petroleum refining employees in the US in 2022 with
employment growth of 8.6% between 2017 and 2022, and this could be for the Lebanese
refining sector. [7]

Enabling exporting of petroleum products: the outflow of the refinery will
comprise petroleum products with minor usage in the Lebanese market, this will allow
the export of these products to other countries contributing by that in the Lebanese
Budgetary.

Maintaining high products quality: The Refinery design and processes chosen can
produce high quality products meeting the international standards, enabling the control

of the petroleum products that will be used in the market.
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2.2 Objectives Hierarchy

Transforming the energy sector
from a burden into a contributor to
the economy

Address energy security
needs in the hydrocarbons
sector

Reduce the Increase Economic

energy bill Growth

Availability of
petroleum products Shifting to other Reduce on finished Product
at reasonable source of energy Costs petroleum products Quality

Reduce dependency Assure Increase

exporting
opportunities

Increasing Job
Opportunities

prices import

3.3 SWOT Analysis

The below SWOT Analysis summarizes the different strengths and weaknesses
that were explored in the business model analysis and the opportunities and threats that

were explored in the analysis of the market industry. [8]

3.3.1 Strengths

e High potential for importing products as the refinery is near crude oil sources.

e Geographical location of the refinery on a vast coastline enabling export of refined
petroleum products.

o Pipeline network infrastructure availability

e Storage facilities for some of the refined petroleum products availability

20



3.3.2 Weaknesses

e Increasing dependance on imported crude oil.

e Disproportionate concentration of supply infrastructure

e Investment in Research and Development is low compared to the fastest growing
players in the industry.

e Unavailability of financing

e Unavailability of crude and new refined petroleum products Storage Tanks.

e Tough competition

3.3.3 Opportunities

e High potential for market growth
e Labor force availability
e Increasing of Domestic Fuel and Petrochemical Demand.

e Enhancing Lebanese economy

3.3.4 Threats

e Crude oil prices are very dynamic and volatile.

e Geo-political unrests, disturbance, and instability

e Growth in consumption of petroleum products

e High tax rates on petrol and diesel

e Strengthening safety parameters in operations

e Currency fluctuations

e Refinery building and upgrading requires large investment funds.

e Shifting for renewable energy
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3.4 PESTEL Analysis

PESTEL analysis is a strategic planning method that is used to investigate many
factors that influence a company, organization, or any form of business's market
environment. PESTEL's ultimate goal is to create a thorough grasp and knowledge of the
organization's external environment and operating conditions. PESTEL is a six-pillar
structure that may be applied to any sort of business. The six pillars are Political,
Economic, Social, Technological, Environmental and Legal. The PESTEL study below
provides a clear picture of the various possibilities and challenges facing Lebanon's oil
and gas industries. We'll go deeper into these aspects to understand how the refining

sector is faring in the current difficult political and social environment. [9] [10] [11]

3.4.1 Political

Political factors are how and to what degree a government intervenes in the
economy. Specifically, political factors include areas such as tax policy, labor law,
environmental law, trade restrictions, tariffs, and political stability.

One of the most essential commodities needed worldwide is crude oil. The
economies of the countries can be impacted directly and indirectly by even the smallest
change in crude oil prices. Many businesses left because of the erratic price of crude oil.
As a result, economists have regularly and carefully studied pricing.

It is well known that political pronouncements and international conflicts can have
a considerable impact on the oil and gas sector. For instance, the price of oil can readily
be affected by tensions between the USA and Iran. Due to the Strait of Hormuz's
importance to the world's oil supply, which is located near Iran, it may also have an effect

on the oil supply.
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Now a days prices are fluctuating around 80-90 USD per bbl [12]

Similar to other commodity costs, crude oil prices fluctuate more during times of scarcity
and abundance. Research has been done to examine how rising crude oil prices may affect
the economies of the OPEC (Organization of Petroleum Exporting Countries) countries.
According to research, every $10 increase in the price of crude oil results in a 0.5%
decline in the economic growth of OPEC countries. This price increase appears to have a
greater impact on the economic health of emerging nations.

The state of stock markets around the world is impacted by any significant rise or
fall in crude oil prices. Every country's stock exchanges closely monitor any upward or
decrease movement in the price of crude oil. Lebanon imports the bulk of its petroleum
products needs from countries that produce it. As a result, both price increases and
decreases are monitored in the seller market. It has frequently been shown that the cost
of necessities like crude also serves as a major factor in the up and down movement of
pricing.

Any change in crude oil prices also has an impact on the other industrial sectors.
Higher crude oil prices imply higher energy prices, which have a detrimental impact on
other trading strategies that depend directly or indirectly on it. Crude oil has been traded
all over the world, and its prices behave like those of any other good, fluctuating more
during times of scarcity and abundance.

Refineries are one of the sectors that are directly affected by the oil prices. Politics
have significant effects on the refining sector since perturbations may lead to huge losses
in this domain.

The Lebanese political system is based on parliamentary democracy, with 128

deputies chosen every four years by the people. The President of the Republic is chosen
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for a six-year term that is not renewable. The government oversees implementing
executive power. Political parties, the government, and Parliament are seen as the most
corrupt institutions in the country. The country has not yet formed the requisite integrity
structures, in part owing to political instability and the weakness of the political regime,
which is based on sectarianism. This continuous instability led to the shutdown of the two
Lebanese refineries that were transformed to storage facilities due to political and security

issues.

3.4.2 Economic

Economic factors include economic growth, interest rates, exchange rates and the
inflation rate.

Most petroleum products imported into Lebanon until the 1970s came in the form
of crude oil. The IPC-Tripoli pipeline carried crude from Iraq and the Tapline-Zahrani
pipeline carried crude from Saudi Arabia as the two main sources of crude oil. Although
there are no records of exports, the two refineries in Tripoli and Zahrani mostly supplied
the local market. Tripoli and Zahrani refinery maximum capacity reached respectively
35,000 bpd and 17,500 bpd. [2] The Lebanese refining sector contributed to Lebanon
GDP.

The Lebanese economy collapsed due to a financial crisis in the fourth quarter of
2019, following the October 17 revolution. This was followed by a high unemployment
rate.

For the first time in its history, Lebanon failed to pay its debt. The electricity
industry, which is responsible for more than $39.5 billion, or 43% of the public debt, and

represents Lebanon's fundamental structural problems, a non-functioning sectarian
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system based on vested interests is at the center of the economic and fiscal crisis. The
economic and financial crisis, the Beirut bombing, political upheaval, and the coronavirus
pandemic are all posing unprecedented challenges to Lebanon today. As a result, the
economic downturn and significant depreciation of the Lebanese pound increased
inflation and, as a result, a reduction in local purchasing power. Lebanon's annual
inflation rate increased to 239.69 percent in January 2022, up from 224.39 percent in
December 2021, owing to quicker increases in the prices of housing and utilities, food,
petroleum products, transportation, and other items.

Due to the large currency depreciation and the chronic electricity shortage,
petroleum products demand increased, and their prices became huge since they are
monitored in the seller market. The basic petroleum products are nowadays non

affordable for most of the Lebanese people. [13]

Figures in USS billion
Average Per annum Transfers in
178 [

USs$ 22 billion
Current Account Gap
= USS 82 billion 9%
ﬁ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
g‘—- Travel, 36
Outflows Inflows
2014-2021 2014-2021
Figure 1: Lebanese Inflows and Outflows
3.4.3 Social

Demographics, culture, ethnicity, religion, intercultural relations, family

structure, ideologies, literacy, urbanization, wealth distribution, immigration, use of
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communication technologies, and cultural perspectives on various items all serve as
representations of social elements.

There isn't a culture on earth that opposes the extraction of oil or the use of its
byproducts. Most people view the oil industry as necessary for their progress and well-
being, but there are pockets of people who view it as a major cause of environmental
contamination. Because they do not require a high rate of development, people who have
a culture of environmental protection live in developed nations. Government enforces
pollution even in nations where people are more environmentally conscious.

Many businesses that produce related goods, such as automobiles, invest in
lowering their fuel consumption levels or beginning the production of hybrid items.
People in emerging nations accept pollution as a price for economic expansion and
prioritize development and a rising standard of living over environmental protection.

Future demand for oil will decline due to slow population growth and increasing
aging in industrialized nations, which currently consume the majority of the fuels and
energy. However, as populations increase in developing nations, more energy resources
will be required to meet the rising need for transportation, petrochemicals, and power. As
a result, the demand for oil will increase because developing countries' needs for oil will
outweigh developed countries' declining needs.

Another element that affects the requirement for energy is urbanization, since
compared to rural areas, urban populations utilize more energy resources for
transportation, electricity, or petrochemicals (plastics, fibers).

Lebanon's population was expected to have reached 6,684,849 people in 2022, a 2.5
percent decrease from 2018. Lebanon's median age is 29.6 years. Despite the lack of solid

numbers, the diaspora is estimated to number between 4 and 14 million individuals,
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greatly exceeding Lebanon's internal population. Despite its modest size, both
geographically and demographically, the country has a diversified culture. Arabic,
French, and English are the state's official languages, but many other international
languages are spoken as well. Lebanon's local time is GMT + 2 hours in the winter and
GMT + 3 hours in the summer.

This demographic variation increases the demand for finished petroleum
products. Because it powers transportation and the generation of electricity, two activities
that have a significant impact on human growth, the creation of products and services,

and communication, the petroleum industry has a significant impact on social welfare.

3.4.4 Technological

Technological factors include ecological and environmental aspects, such as

Research & Development activity, automation, technology incentives and the rate of
technological change.
The need to acquire the most recent technologies (by purchasing equipment), techniques,
and methods (by hiring personnel who have been trained in the new techniques or
retraining existing personnel in the new techniques and methods), could be influenced by
technological factors from within an industry. Once purchased, these elements will have
an internal impact on the company.

In the oil industry, technologies are used for exploration, exploitation, transport
(roads, oil tanks, pipelines), refineries, storage, promotion of marketing strategies, and
sales for the development of new products or the improvement of existing ones and for

reducing production time and manufacturing-related losses.
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The employment of secondary technologies and techniques could improve
maintenance and repairing processes, worker safety, management efficiency through the
use of modern software and hardware, and environmental and worker protection. If a
competitor company controls them as a means of competitive advantage, all of these
elements could be used against an oil company.

Technologies from outside the oil business can have an impact on the entire oil
industry (upstream and downstream). Products that can replace or enhance these
technologies serve as examples. By creating technology that will decrease the use of oil-
based products or replace them with alternatives, complementary products have an impact
on the demand for oil. Automobiles, aircraft, ships, petrochemicals (plastics, synthetic
fibers, synthetic rubber, detergents, paints, adhesives, aerosols, insecticides, and
pharmaceuticals), energy, agricultural products, and other industrial goods are examples
of complimentary products. The items that are interchangeable are by-products of the
other energy industries. These sectors include the following: coal, natural gas (including
the emerging shale gas sector), nuclear, biomass, hydro, and other renewable energy
sectors (solar, wind, geothermal). Because the development of new technologies has
become extremely difficult and oil reserves are halfway depleted, the oil sector is in its
mature stage, similar to the numerous coal and gas businesses.

Despite all renewable energy products in Lebanon, the demand of petroleum
products will remain the same especially in the transportation sector, so the use of new
technologies when developing a refinery in Lebanon is a must to improve the processes,

assure the workers safety, and increase project efficiency.
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Uncertainty over returns 33%
Skills shortages 29%

Cost of development 28%
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Lack of management attention 14%
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with assurance
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Figure 2: Barriers for new technologies

3.4.5 Environmental

Environmental factors include geography, location, weather, climate, and climate
change, which may especially affect industries such as tourism, farming, and insurance.

Geographical location can affect an oil company's operations by defining the
distances between extraction, refining, and consumers (oil from the Middle East, for
instance, can be transported halfway around the world to refineries), or it can affect
demand for oil due to transportation, international trade, and migration. Demand is
controlled by fuel use in tough terrains, which in turn determines how difficult it is to
extract, convey to refiners, and reach consumers. The cold season in northern climes or
the hot seasons in desert climates affect how difficult it is to extract oil. The demand for

oil increases in the winter due to low-speed transportation or increased energy use.
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The biggest oil reserves are in Saudi Arabia, Canada, Iran, Kuwait, Arab Emirates,
Venezuela Russia, Libya, Nigeria, United States of America, China, Qatar, Mexico,
Algeria, and India. These countries have own 95% of oil reserves. One specification of
the environmental factors is represented by natural disasters: hurricanes, tornados,
cyclones, snowstorms, sandstorms, extreme temperatures, earthquakes, tsunamis,
volcanic eruption that could make material loss and casualties, but could disturb
economic activities.

The petroleum industry has an impact on the environment due to pollution and its
ability to transform the natural world into an artificial one by fostering the growth of the
modern economy.

Fuel emissions from automobiles, aircraft, and ships as well as emissions from
refineries that make fuel or other petrochemical goods that have a significant impact on
climate change are all examples of pollution. Accidents that can occur during exploration,
exploitation, refining, and transportation activities that contaminate the water, air, and
soil with oil, fuels, or wastes are examples of other pollution incidents.

The Lebanese Republic has a land area of 10,452 square kilometers and a
Mediterranean Sea coastline of more than 210 kilometers. Lebanon is located in the
Eastern Mediterranean. This convenient location places Lebanon at the crossroads of
Europe, Asia, and Africa making the import and export of oil products easier. So,

developing a new refinery in Lebanon may face many environmental restrictions.

3.4.6 Legal

Legal factors include discrimination law, consumer law, antitrust law,

employment law, and health and safety law. Constitutions, rules, customs, and regulations
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of local governments, international organizations, and international communities (such as
the European Union, the North American Free Trade Agreement, the African Union, and
the Association of Southeast Asian Nations) are also legal factors.

These variables have an impact on the methods used for oil and oil product
exploration, exploitation, refining, transportation, and commercialization. The legal
factors also impose laws and regulations for international trade (trade agreements
between nations or embargoes to some countries), subsidies, taxes (like the excise rates
for fuels and oil price or taxes and fees over profit to the energy companies), social
protection, work protection, competition regulation, anti-trust regulation, consumer
protection, and pollution. Building and operating a refinery in Lebanon will be governed
by many legislation and international agreements regarding prospection, production,
exploitation, refining and transporting of petroleum products and other energy policies in
the oil and gas sector.

In conclusion, in the current economy, it is critical to understand the
macroenvironment of a sector as important as the petroleum industry since these elements
represent the opportunities and challenges that this industry faces.

It will be necessary to exercise caution if any changes are made to the Lebanese
primary energy sources because doing so could result in a lack of those resources, which
could disrupt the local social-economic system as a whole. It will be necessary to use or
convert a lot of machinery and equipment, train human resources, create social campaigns
invest in new research on the effectiveness of the new source, the impact on the

environment, and create new regulations for this type of projects.
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3.5 Project Boundaries

3.5.1 In Bounds

Location Selection
Importing method selection
Cost of Construction
Purchase of facilities

Petroleum products prices

3.5.2 Out of bounds

Contractor Selection
Energy Independency
Employing and training staff

Assigning Auditing Firm

3.5.3 On the boundary

Reduction of use of petroleum products
Exploration of the gas in Lebanon
Shifting for gas power plants

Refinery Design

Crude oil Source Selection
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3.6 Stakeholder’s Analysis

however, their
support might

decrease in the
cost of

When it Positive Economic Supporting, Portraying the
comes to the feasibility adopting, significance and
principle of (optimizing), by | lobbying, and optimality of the
sovereignty, minimizing implementing adopted
the power is costs, the optimal strategy, through
great. maximizing strategy. effective
However, due revenues and Enacting laws, communication
to the profits (taxes), and regulating and elaborated
economic and strategizing | processes and thorough
crisis, the for the future analysis and
power (sustainability). studies.
decreased.
High Positive Economic Running the Portraying the
feasibility refining sector significance and
(optimizing), by | in optimal ways. | optimality of the
minimizing Giving expertise | adopted
costs, throughout the strategy, through
maximizing project. Making | effective
revenues and sure that the communication
profits (taxes), project is under | and elaborated
and strategizing | regulationsand | and thorough
for the future laws. analysis and
(sustainability). studies.
Moderate They are Successful Support, trust, Transparency
definitely building of a positive when it comes
positive new refinery, cooperation and | to the project.
towards the new job understanding. Regaining trust
refinery; opportunities, and support, by

authentically
restructuring the

alternate based | petroleum political and
on the products administrative
suggested through systems.
location of the | optimizing the
port due to entire value
environmental | chain and supply
and social chain, and
considerations | regaining

economic

stability and

growth.

High Positive Regaining their | Support, trust, Creating a
positions and positive business-
previous cooperation and | friendly
privileges, investing in environment
through related (through proper
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maximizing infrastructure engagement).
profits. projects, and in | An important
future trading aspect is by

and business stabilizing the

activities. currency rates.

High Positive when | Regaining an Engage in the This is mainly
it comes to economically construction affected by our
potential viable export process (mainly | foreign policy;

economic route for their through especially that

cooperation, crude oil financing), and | even these

yet it might be at a later stage, | countries have

negatively cooperate different

affected by facilitating the political

politics. import of crude | agendas. It is
oil to the also related to
Lebanese transparency
Refinery and the | and performing
export of the adequate
finished serious reforms.
products.

High Negative Acquiring the Fair competition | Support is really
(Competitor) greatest possible | governed by hard to achieve,

percentage of international due to direct
the market, laws and competition
particularly the | regulations
potential
promising
market of the
GCC
High Positive Playing a Support in the positive
decisive role in | construction cooperation and
the construction | process, and investing in
and operation commitmentto | related
processes the safety and infrastructure
security laws projects
and regulations.

High Positive (if it Playing a Commitmentto | Reforms and
feeds its decisive role in | the regulations | creating an
policies), and the availability | and laws that investor friendly
negative if it of crude oil governs the oil environment.
was meant to throughout the and gas sector Minimizing
increase the life of the political risk
presence of refinery (this is directly
opponents related to our

foreign policy)

High Positive Providing Monetary Implementing

Lebanon witha | support for the the required

program that

construction of

reforms and

includes the the Refinery and | delivering an
construction of | reviving the extended

the Refinery, Lebanese governmental
and acquiring economy recovery plan
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guarantees for
the
reimbursements

related to the
financial and
economic
situation, that
takes into
consideration
the construction
of the Refinery.

Customers High

Positive

Gaining access
to the refinery
products at
affordable prices

Financial and
political aid and
support, in
addition to

Reforms and
creating an
investor friendly
environment,

future trading Minimizing

deals and joint political risk, in

ventures. additional to
governmental
stability.

3.7 Issue Raising

3.7.1 Decisions:

Table 1: Stakeholder's Analysis

e Output Flow / Type: Study the Lebanese Market and how refinery products will be

distributed.

e Quality of end products

e Refinery design

e Refinery location : Choose the Best Location in terms of land availability compared

to the design.

e Crude oil source : study the different sources of crude and choosing the most feasible

one.

e Crude oil import method: pipelines, tankers, both

e Production schedules
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3.7.2 Uncertainties

e Crude oil availability and price: crude oil market study
e Petroleum products price: market study
e Construction cost

e Operation cost

e Financing

3.7.3 Values

e NPV of the project
e IRR

Breakeven period of the project

Quantity of end products

3.7.4 Other

e Economic crisis

e Pandemics

e Politics

e Renewable energy projects in Lebanon

e Shifting for gas plants for electricity

3.8 Developing Strategic Alternatives

3.8.1 Decision Hierarchy

Using the choices made throughout the issue-raising and sorting process, a decision

hierarchy will be created, with choices being divided into three categories:
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e Given Decisions represent already made decisions that need to be approved by the
decision review board.

e Focus Decisions represent important strategic choices that must be made and make
up the components of the plan that will be designed for this project.

e Future Decisions indicate the remaining choices that will have a smaller impact or are

better left for a later time.

Use the focus decisions identified in the decision hierarchy to create different strategic
alternatives. Then provide thorough and convincing options for each focus decision and
create a list of innovative and workable strategic options and describe each strategic
theme as a choice made for each focal decision’s possibility.

The focus decisions are:

e Refinery Location: Owned / not owned by the government.

e Importing Method : Pipelines / Tankers

3.8.2 Strategic Alternatives

Using the focus decisions listed above five alternatives were created:

e Alternative 1: Doing Nothing

e Alternative 2: Old Land / Pipelines
e Alternative 3: Old Land / Tankers

e Alternative 4: New Land / Pipelines

e Alternative 5: New Land / Tankers
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3.9 Evaluating Strategic Alternatives

3.9.1 Net Present Value NPV

NPV is the value, discounted to the present, of all potential cash flows, both
positive and negative, during the course of an investment. NPV analysis is a type of
intrinsic valuation that is widely used in finance and accounting to establish the worth of
a company, investment security, capital project, new business venture, cost-cutting
program, or anything else that involves cash flow.
For each alternative Net Present Value is calculated.

3.9.1.1 Costs

Capital costs are one-time expenses for the construction, improvement, or
purchase of assets like equipment and land that will help the project over the course of
more than one fiscal year. To take the project from a concept to commercialization,
funding is required. [14]

Components of capital cost:

- Fixed capital investment:

It is the overall cost of planning, building, and installing a plant, as well as any further

changes required to get the plant site ready, and it is made up of:

e The inside battery limits (ISBL) investment including all the major process
equipment (vessels, reactors, columns, furnaces, heat exchangers...), bulk items
(piping, valves, wiring, instruments...), civil works, construction costs, field

expenses and services, construction insurance...
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The Refinery design is selected from a study performed at the Chemical
Engineering Department at AUB (2022) [3]. The main Operating Units used in the
refinery are: Distillation Columns - Methaforming units - Desalter Unit — Waste
Water Treatment Unit - Utilities (Power, Water, Steam) - Control Building, Admin
Facility — Communications, Fire Protection, Safety Showers - Site Preparation, Civil,

Foundations Structural Steel.

The estimated ISBL Cost of a 50,000-bpd oil processing refinery in USA gulf coast

during 2018 varies between $280.2 Million and $546.5 Million. [15]

Scaling from the known cost of an earlier plant that employed the same technology
or from published data is the easiest approach to estimate a plant's cost. Other than
the manufacturing rate, no design information is needed for this.

The capital cost of a plant can be related to capacity by the following equation:

S, n
€2 =G (s—)
1

where C,: ISBL capital cost of the plant with capacity S,
C,: ISBL capital cost of the plant with capacity S,

For typical petrochemical processes n is usually about 0.7

The feed flow rate to the refinery is chosen to be 200,000-bpd.
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Thus, the ISBL cost of a refinery in USA gulf coast during 2018 varies between
$739.45 Million and $1442.22 Million.

While the U.S. Gulf Coast and northwest Europe have served as the primary hubs
of the chemical industry, most of the plant and equipment cost statistics are provided
on a basis for these regions. Each other place will have a different cost depending
on: Local fabrication and construction infrastructure, Local Labor availability and
cost, Costs of shipping or transporting equipment to site, Import duties or other local

tariffs, Currency exchange rates.

By applying a location factor, these discrepancies are considered when predicting
costs:
Cost of plant in location A = cost of plant on USGC X LF,

Where LF, : Location factor for location A relative to USGC basis

Country Region Location factor
United States Gulf Coast 100
East Coast 1.04
West Coast 1.07
Midwest 102
Canada Omntario 1.00
Fort McMurray 160
Mexico 103
Brazil 1.14
China imported 112
indigenous 0.61
Japan 1.26
Southeast Asia 112
Australia 121
India 1.02
Middle East 1.07
France 113
Germany 111
Italy 114
Netherlands 119
Russia 153
United Kingdom 102

Figure 3: Location Factor
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Therefore, the ISBL cost of a refinery in Middle East during 2018 varies between
$791.21 Million and $1543.17 Million.
The Cost of the Methaforming Process used in the refinery is estimated to be around

$250 Million. [16]

The Total ISBL Cost of the refinery designed during 2018 will vary between

$1041.21 Million and $1793.17 Million.

All cost estimating techniques are projections of future expenses that are based on
previous data. Inflation affects both the cost of labor and the pricing of building
supplies. To anticipate future plant building costs and to update outdated cost data

for use in estimating at the design stage, a method must be adopted.

Published cost indices are utilized in the standard update procedure for historical
cost data. Based on statistics on labor, material, and energy costs released in official

statistical digests, these compare current expenses to previous costs.

Cost index in year A

Cost in year A = Cost in year B X
Yy my Cost index in year B

Cost index in July 2018 = 222.9
Cost index in Jan 2023 = 299.4 [17]

Finally, The Total ISBL Cost of the refinery designed during 2023 will vary

between $1398.55 Million and $2408.59 Million.

The modifications and improvements that must be made to the site infrastructure,
known as offsite battery limits (OSBL) investment including electric main
substations, transformers, switchgear, power lines, power generation plants, turbine

engines, standby generators, steam mains, condensate lines, boiler feed water
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treatment plant, supply pumps, cooling towers, circulation pumps, cooling water
mains, cooling water treatment, water pipes, waste water treatment plant, site
drainage, sewers, pipe bridges, feed, and product pipelines, laboratories and
analytical equipment, offices, site security...

Early in the design process, OSBL cost is often projected as a percentage (20 to 50%)
of ISBL cost. [14]

The OSBL capital cost is estimated as 40% of ISBL cost.

Engineering and construction costs including detailed design engineering of process
equipment, piping systems and plant layout, procurement of main plant items and
bulks, construction supervision and services, administrative charges.

The engineering costs are estimated as 10% of the sum (ISBL & OSBL) cost. [14]

Contingency charges including minor changes in project scope, changes in prices,
currency fluctuations, labor disputes, subcontractor problems...
The Contingency Charges are estimated as 15% of the sum (ISBL & OSBL) cost.

[14]
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CAPEX & OPEX 50,000 BfD OIL PROCESSING REFINERY USA GULF COAST 2018
BASED ON (3) SIMILAR SIZED COMPLETED REFINERIES. OPEN SHOP LABOR (I.E. NON-UNION)

DESCRIPTION / M.E. f LABOR LOW § HIGH 5
OPERATING UNIT TAGGED ITEMS f %o SPLIT CO5T CO5T

BULK MATERLAL INCLUDING MILLIONS MILLIOMS
% S5PLIT IN-DIRECTS

Arrmasphere § Vaouum Condensate
Discillation Uit including Piping, B,
Isulation, painting & fleld indirects

2 Isomerisation dite [ 35 Fres 6.4
3 FCC § Can Cracker / Catalytic Reformer ditte 62 38 1162 126.6
& Alloylatien Unit dirte (13 35 19 57
5 Kerasene Unit ditto 65 15 iy 0.7
-] Dilesel Hydrotreater dicwo 62 1B L5 107
7 Arnine Unit dives (13 s 107 208
il Saturated Gas Unh ditte [ 35 15.3 9.9
k] Maphtha Hydratreater dime (13 35 518 112.6
10 Lube Oil Unbt dice [ 35 (%] 135
i1 Delayed Caker Unit dime 1 35 43 By
12 Sair Waner Stripper Unit ditte 62 1B 1000 19.5
13 Dewaxing Unkt ditve &0 &0 35 6.9
L Causthe Unit ditvo &0 &0 [ %1 11.9
15 LPG Unbt ditte -1 35 13 Gy
i6 Sulphur Recavery Uni dite &0 40 123 13
17 Claus J Tall Gas Unic dite B0 &0 19 LR
18 Desalvar Unit dita &0 &0 12 15
19 Hydrogen { Pressure Swing Absorption Unit 65 15 149 75

ditns
20 Waste Water Treatment Unit dicte g0 L] 9% 18.1
21 Ltiliches: Pawer, Water, Steam dima [:1i] &0 55.5 108.3
12 Control Bullding J Admin Faclility dina 50 %0 17 1.6
Pk Commiunicathons § Fire Protection f (1] &0 o 18

Safery Showers dita
14 Siee Preperathon / Clvil / Foundations / &0 L0 73 14.2

Structural Sveel ditto

ISEL f PROCESS LINITS 54T

O5SEL f UTILITIES
27 Power Generathan Facility including -1 35 128 25.0

Piplng, E&r, Isulation, painting &

field indirects
R River ‘Water Intake Structure dimo B0 &0 122 FLE:
Pl Steam [ Ballers ditvo B5 35 B2 121
0 Cooling Water Systerm dico B0 &0 .0 L]
31 Pipe Racks dits B0 &0 a3 4.5
L¥! O3BL Piping dima 62 18 57 111
13 Flares ditto [:11 35 15 10
T4 Tank Farm dita (1,000,000 barrel storage) 70 30 167 126
L Pipeline d o 0 ] 15 29

Figure 4: ISBL and OSBL Costs

- Working capital:
It is the capital related to keeping track of feed, product, and spare parts , as well as

cash on hand and the gap between what customers owe and what suppliers owe.

43



A typical figure for petrochemical plants estimates the Working Capital as 15% of the

fixed capital (ISBL plus OSBL cost). [14]

The Capital Costs are calculated and summarized in the following table:

: Low Costs High Costs
Capital Costs ($Million) sMillion)
ISBL Cost 1398.55 2408.59
OSBL Cost 559.42 963.44
Engineering and Construction Costs 195.79 337.2
Contingency Charges 293.69 505.8
Working Capital 293.69 505.8
Total 2741.14 4720.83

Table 2: Capital Costs

3.9.1.1.2 Variable Production Costs

Variable costs of production are expenses that are directly related to a plant's
production or rate of operation (The Refinery is considered to operate during 333.33
working days or 8000 working hours per year). Some of these costs are not considered

due to lack of information, knowing that this won’t affect the results of the study. These
include the following:
- Raw materials costs:

The yearly cost of any raw material is just the price multiplied by the annual usage.
The Raw Materials used in the Refinery are Crude Oil (200,000 bpd) and Methanol
(6,257 Ib/h).

The yearly Costs will be respectively $5123.94 Million and $8.9 Million
- Utilities costs:
Plant utilities include fuel, process steam, cooling water, other heating or cooling

fluids, electricity, process water, nitrogen, instrument air, and other service streams.
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Yearly Utilities Cost is estimated to be $87.52 Million [15]
- Consumables costs:
Consumables include materials such as acids, bases, sorbents, solvents, and catalysts
that are utilized during the operation.
Consumables Cost is estimated to be $5.76 Million [15]
- Waste disposal costs:

All waste that is created throughout the process that cannot be recycled or sold as

byproducts must be disposed of. (Not considered for this study)

3.9.1.1.3 Fixed Production Costs

Fixed production costs are those costs that remain constant regardless of the
output rate. Some of these costs are not considered in this study due to lack of
information. These include the following:

- Labor costs:

Since operating a plant takes expertise and safety training, and it is impractical to
ramp up and down the staff in response to transient fluctuations in demand, the salaries
given to plant operators and managers are nearly always recognized as a fixed cost of
production.

Labor Costs are estimated to be $23 Million [15]

- Maintenance Costs

The expense of keeping a facility in excellent shape through routine inspections and

repairs as needed is known as maintenance cost, and it is a fixed cost since regardless

of the amount of production, the plant needs to be always maintained in good condition.
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Annual maintenance costs are typically estimated as a fraction of ISBL investment
(3%). [14]
Maintenance Costs vary between $41.95 Million and $72.3 Million.
- Land, rent, and local property taxes:

The site of the facility must be one of the first choices made while designing a new
chemical plant. Finding a suitable location and planning the layout of the site and
equipment are necessary if the project involves building a new grassroots facility. The
influence on the current infrastructure must be assessed if the plant is to be built on an
existing site so that the required adjustments may be made to make room for the new
facility. In either scenario, it is necessary to plan for the auxiliary structures and services
required for plant operation as well as for the ecologically friendly disposal of effluent.

(Not considered for this study)
- Insurance:

All plants must be insured against both possible plant damage and third-party
liability. (Not considered for this study)
- Interest Payments:
Regular interest payments (or interest + principal repayment) are a fixed cost of the
project if bonds or loans are used to fund it.
The annual interest payment is equal to the working capital multiplied by the interest
rate, which can be estimated from the interest rate paid on corporate bonds by similar
companies. [14]
Considering a 10% interest rate Interest Payments vary between $29.369 Million and

$50.628 Million.
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- Corporate overhead charges:

There are three main contributions to corporate overhead charges: Research and
development R&D costs, selling and marketing costs, and general and administrative
costs. (Not considered for this study)

- License fees and royalties

If a plant uses proprietary technology, it must pay a license fee or royalties to the
technology's owner. A corporation can be sued for patent infringement if it uses a
technology that is covered by a patent without first acquiring a license to do so.
Royalties can be set as a percentage (0.5%) of revenues. [14]

Royalties cost is estimated to be $30 Million.

3.9.1.2 Revenues

The revenues of the project will arise from the sale of the petroleum products that
have been refined; therefore, they are equal to the output of products in barrels per year
times the price of each product, assuming that any excess is sold to the outside market.

The output of products will depend on the demand. Forecasting of historical data
permits the acquisition of the expected demand over the refinery lifetime.

The forecasted demand multiplied by the expected prices of petroleum products

will allow the calculation of the revenue streams.

The following table represents the revenue streams from the refinery based on

latest averaged available online prices. [5] [18] [19] [20] [21]
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Products Flow Rate Price ($MRiIeI\i/§rr1]/l:/Zar)

Gasoline 95 ON 62000 bpd 206.74 ($/barrel) 4272.58

Main Diesel 10000 bpd 203.72 ($/barrel) 679.06
Product LPG 20000 bpd 120.01 ($/barrel) 800.06
Kerosene 8800 bpd 176.65 ($/barrel) 518.17

AGO 4000 bpd 135.6 ($/barrel) 180.79

Main Product Total Revenue 6450.66

LVGO 2000 bpd 191.44 ($/barrel) 127.62

By HVGO 2000 bpd 191.44 ($/barrel) 127.62

Product Gases 6.7 x 10° Ib/h - -

Residue 1.05% 10° Ib/h 690 ($/MT) 2630

By Product Total Revenue 2800*

Table 3: Revenue Streams

The Revenue of Gases is hard to find since there is not enough data to approximate
a precise price, hence the total By Product Revenue is approximately $2800 Million per
year.
The calculated Costs and Revenues are then used to calculate the NPV and the Internal

Rate of Return of the Project using the Excel Model presented in Figure 5:

Assumptions:

The refinery lifetime is 30 years.

e Inyears1and 2 of the project there are capital expenses but no revenues or operating
costs.

e The capital expenses are not operating losses and so they have no effect on taxes or
depreciation.

e The Refinery will be built with 30% of the fixed investment in year 1 and 70% in year
2.

e The Refinery will operate at 50% of capacity in year 3 before reaching full capacity

in year 4.
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e The plant can be depreciated by the straight-line method over 10 years, and profits

can be assumed to be taxed at 21% per year, payable the next year.

e The Cost of Capital over the lifetime of the refinery (Interest Rate) is 15%.

e Assume that losses cannot be offset against revenues from other operations for tax

purposes (i.e., no tax credits in years when the plant makes a loss).

Company Name Project Name
Address. Project Number Sheet 1
REV DATE BY APD REV DATE BY APD
ECONOMIC ANALYSIS
Form XO000CYY-22.
QOvner's Name Capital Cost Basis Year 2023
Plant Location Endlish © Metric
Case Description On Stream 8.000 hriyr 333.33 dayiyr
REVENUES AND PRODUCTION COSTS CAPITAL COSTS CONSTRUCTION SCHEDULE
$MMAr SMM Year %FC % WC % FCOP % VCOP
Meain product revenue 6,450.68 ISBL Capital Cost 24088 1 30.00% 0.00% 0.00% 0.00%
Byproduct revenue 2800.0 OSBL Capital Cost 9834 2 70.00% 0.00% 0.00% 0.00%
Raw materials cost 5133 Engineering Costs 3372 3 0.00% 100.00% 100.00% 50.00%
Utilities cost 88 Contingency 505.8 4 0.00% 0.00% 100.00% 100.00%
Ce cost 58 Total Fixed Capital Cost 42150 5 0.00% 0.00% 100.00% 100.00%
VCoP 24281 8 0.00% 0.00% 100.00% 100.00%
Salary and overheads 230 Working Capital 505.8 7+ 0.00% 0.00% 100.00% 100.00%
Maintenance 723
Interest 506
Royalties 323
FcoP 178.1
ECONOMIC ASSUMPTIONS
Cost of equity 25% Debt ratio 05 Taxrate 21%
Cost of debt 8% Depreciation method straight-line
Cost of capital 15% Depreciation period years
CASH FLOW ANALYSIS
Allfiqures in $MM unless indicated
Project year Cap Ex Revenue ccop Gr. Profit Depren Taxb! Inc TaxPaid Cash Flow PV of CF NPY
1 12645 00 0.0 . 0. -12845 -1098.6 -1098.6
2 28505 00 0.0 0.0 0.0 00 00 -2850.5 -2231.0 33306
3 8058 32263 1391.2 1834.2 4215 14127 00 13284 8734 24572
4 00 8450.7 26042 38484 4215 34249 2987 35498 20206 4278
5 00 84507 26042 38484 4215 34249 7192 3127.2 1554.8 12712
6 00 84507 26042 38464 4215 34249 7192 31272 13520 24782
7 00 6450.7 2604.2 38464 4215 34249 7192 31272 11756 3654.8
8 00 6450.7 2604.2 38464 4215 34249 7192 31272 10223 4677.1
9 00 8450.7 2604.2 38484 4218 34249 7192 3127.2 8889 5666.1
10 00 8450.7 2604.2 38484 4218 34249 7192 3127.2 7730 8339.1
" 00 8450.7 2604.2 38464 4215 34249 7192 3127.2 8722 70112
12 0o 6450.7 2604.2 38464 4218 34249 7192 31272 5845 7695.7
13 00 6450.7 26042 38464 00 38464 7192 31272 5083 8104.0
14 00 84507 26042 38464 00 38464 807.8 3038.7 4205 85334
15 00 64507 2604.2 3846.4 00 38464 807.8 30387 3734 8906.9
16 00 8450.7 2604.2 38464 00 38464 807.8 3038.7 3247 92318
17 00 8450.7 2604.2 38464 0.0 38464 807.8 3038.7 2824 95140
18 00 8450.7 2604.2 38484 0.0 38464 807.8 3038.7 2455 9759.5
18 00 £450.7 2604.2 38464 00 38464 8078 3038.7 2135 99730
20 0o £450.7 2604.2 38464 00 38464 807.8 3038.7 185.7 10188.7
21 00 6450.7 2604.2 38464 00 38464 807.8 3038.7 1614 103202
2 00 8450.7 2604.2 3846.4 0.0 38464 807.8 3038.7 1404 10460.5
23 00 8450.7 2604.2 38484 0.0 38464 807.8 3038.7 1221 105828
24 00 84507 26042 38484 0.0 38484 807.8 30387 1082 10888.8
25 00 84507 26042 38464 0.0 38464 807.8 30387 923 10781.1
2% 00 84507 26042 38464 0.0 38464 807.8 3038.7 803 108614
27 00 6450.7 2604.2 38464 00 38464 807.8 3038.7 69.8 93014
28 00 8450.7 2604.2 38464 00 38464 807.8 3038.7 807 9362.1
29 00 8450.7 2604.2 38464 0.0 38464 807.8 3038.7 528 94149
30 -505.8 8450.7 2604.2 38484 0.0 38464 807.8 38445 835 9488.4
ECONOMIC ANALYSIS
Average cash flow 4332.8 SMMiyr NPY 10 years 6339.1 SMM IRR 10 years. 514%
Simple pay-back period 0957021928 yrs 15 years 89089 SMM 15 years. 53.0%
Return on investment (10 yrs) 53.78% 30 years 110882 SMM 30 years 53.2%
Retur on investment (15 yrs) 61.82% NPV toyr 15 89069 SMM
NOTES

Figure 5: Excel Model
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The Results are as follows:

Worst Case Scenario: (Maximum Capital Cost)

The Net Present Value of the refinery is calculated to be $11,098.2 Million.

Internal Rate of Return (30 years) is calculated to be 53.2%.

Simple Pay-Back Period is 0.95 years.

Best Case Scenario: (Minimum Capital Cost)

The Net Present Value of the refinery is calculated to be $12,716.8 Million.

Internal Rate of Return (30 years) is calculated to be 83%.

Simple Pay-Back Period is 0.55 years.

Both results indicates that NPV is positive, and IRR is greater than 50%, so the
project is profitable. The main issue in this case is the unavailability of liquidity (cash
money) with the Lebanese Government. To counter that the Lebanese Government could
borrow money as form of debt that will be repaid throughout the lifetime of the refinery.
In the model the debt is fulfilled throughout the first three years, and the revenues start

from year 3.

This model does not consider the fluctuation and volatility of petroleum products
prices, since it’s based on fixed prices. The study of the variability of petrol prices is
crucial to obtain more precise results for the profitability of the refinery. This issue will

be developed in the following section.
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3.10 Sensitivity Analysis

A sensitivity analysis will be conducted on the NPV value for each alternative
considering the changes that could occur due to external factors such as : Crude oil

availability, changes in prices, political instabilities, pandemics...

3.10.1 Location and Mode of Transportation

Location of refineries and the transportation of crude are crucial factors of the oil
and gas sector. The manufacturing of petroleum products, which are used for a variety of
purposes, including transportation, heating, and the generation of power, depends on the
transportation of crude oil from oilfields to refineries. The cost and productivity of the
whole manufacturing process can be considerably impacted by the infrastructure and
transportation system choices.

The profitability of the production process also heavily depends on the refinery's
location. To reduce transportation costs, guarantee a consistent supply of crude oil, and
increase profitability, refineries must be strategically placed close to oilfields, transit
routes, and markets. The cost and accessibility of labor, utilities, and other crucial
resources can all be affected by the location.

Also, the location of the refinery might influence the local community and the
environment. Refineries have a substantial influence on the quality of the air and water;
thus, it is important to choose their location wisely to limit the impact they cause both to
the environment and the local population.

The last phase oil must complete before being transferred to consumers is

transportation. The midstream business includes oil transportation. Oil must be
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transported and distributed to refineries and upgraders, where it is transformed into usable
components, after being removed from the ground. The useable petroleum products are
then transported once again to distribution centers across the world after being refined
and upgraded. As a result, oil is carried both as a raw material and as a finished good.

Although pipeline is by far the most popular means of transportation, rail has
made major advancements in recent years because to the necessity for inexpensive, quick
takeaway capacity to keep up with the sharp increase in U.S. crude oil output. Another
kind of transportation is the barge, which is obviously only practical in areas with rivers.
The fourth option is trucking, although because to the expense, it is mostly employed in
developing basins and over shorter distances.

Speaking of cost, pipeline is also by far the most affordable form of transportation.
While costs vary depending on distance and petroleum grade, pipeline transportation
typically costs between $2 and $4 per barrel. Pipeline transport often costs 2 to 5 times as
much as rail transport. Depending on the distance, barge might be less expensive than rail
and more expensive than pipeline. The most expensive option, especially for shipments
that are made over shorter distances, is trucking. [22]

The Land of the existing refinery in Zahrani is ideal for the construction of a new
refinery due its location far from residential areas (minor environmental effects) and near
seashore facilitating the export of refined petroleum products. In addition to that the
availability of the existing pipeline (Tapline) ensures a steady supply of crude oil since it
facilitates the transportation of this crude from near producers (Saudi Arabia, Iraq, ...)
with low costs. Tapline recommends maintenance to be reused since its partially

destroyed due to wars.
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The new cost to be calculated here is the cost of maintaining the existing pipeline
(Tapline). Corrosion control and integrity management come at a significant expense to
maintaining a pipeline. Maintaining the pipeline's asset and ensuring safe operation
without breakdowns that might endanger public safety, result in product loss, or result in
property and environmental harm is what motivates maintenance spending. The corrosion
operation and maintenance costs ranging from 3100 to 6200 dollars per km. These Costs
are minor compared to the use of barges or trucks. [23] Hence, pipelines are the most
advantageous means of transportation from an economic standpoint and because they
make it simple to reach refineries close to producers.

The main issues in the mode selected is the environmental effect of the pipeline
due to oil spills, and the political effects. There is highly volatile liquid release that may
result in unintentional fire, explosion, and pollution. This effect is lower in the case of
pipelines used on land since leakage can be detected easily. But generally, environmental
effects due to transportation mode are hard to estimate. If more stringent regulations and
cutting-edge technology are implemented, these modes can be made safer. [24] The
accessibility of crude oil is impacted by politics as well. Pipelines pass through other
nations before arriving at the refinery, thus stopping the passage of a pipeline might force

a refinery to shut down.

3.10.2 Project Profitability with forecasted Petrol prices

Due to the fact that oil is a commaodity, its price tends to fluctuate more. There are
several factors that affect oil prices such as the decisions about output made by producers
like OPEC, independent states like Russia, and producing firms like ExxonMobil, in

addition to the laws of supply and demand, natural disasters and many other factors.
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The variability of Petrol prices has a major effect on the NPV and IRR values
calculated, subsequently on the profitability of the Project. So, considering this
fluctuation in prices is a must in this study.

To proceed with that, the Crude Oil and some of the refined product’s prices are
forecasted based on available data. The historical prices are listed in Table 4. Prices of
products not mentioned in Table 4 are listed in Table 3. [5]

These are the prices of petroleum products in the USA, while the costs calculated
were related to the middle east region. However, there is a substantial disparity in these
prices between nations. Richer countries often have higher pricing whereas poor countries
and those that produce, and export oil typically have much lower costs. The U.S. stands
out as an outlier since it has cheap gas prices while being an economically developed
nation. The varying of taxes and subsidies are the cause of the refined products price
variations across nations. Although all nations have access to the same petroleum pricing
on global markets, they choose to apply various taxes. The retail price of refined products
varies as a result. A Factor of 1.2 is used to approximate the average price of Gasoline,
Diesel, AGO, Kerosene, Residual Oil since the price in U.S. is much lower than the
average. [18]

This data is used to forecast all product prices throughout the lifetime of the refinery using
the time series function from @RISK software.
The forecasted prices are used in the model built to calculate the NPV of the project. A

simulation of 10000 iterations is run and the results are shown below.
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Year | Gasoline | Diesel | AGO | Kerosene | LPG | Residual Oil | Crude oil
1977 3.27 - - - 0.407 - 72.43
1978 3.10 - 0.516 0.404 0.335 0.263 67.49
1979 3.76 3.27 0.689 0.566 0.357 0.399 89.83
1980 4,57 3.83 1.084 0.885 0.482 0.528 124.22
1981 4,58 3.94 1.303 1.0735 0.565 0.663 123.31
1982 3.94 3.61 1.312 1.026 0.592 0.612 105.10
1983 3.66 3.45 1.255 0.9195 0.709 0.609 88.97
1984 3.42 3.38 1.234 0.939 0.737 0.654 83.97
1985 3.28 3.28 1.201 0.913 0.717 0.577 75.82
1986 2.44 2.46 1.011 0.6595 0.745 0.305 38.39
1987 2.43 2.49 0.907 0.6565 0.701 0.385 48.25
1988 2.32 2.34 0.891 0.6255 0.714 0.3 37.31
1989 2.41 2.43 0.995 0.6505 0.615 0.36 44.07
1990 2.61 2.70 1.12 0.8445 0.745 0.413 50.27
1991 2.45 2.51 1.047 0.745 0.73 0.314 41.56
1992 2.34 2.38 1.027 0.699 0.643 0.308 39.22
1993 2.23 2.33 0.99 0.667 0.673 0.293 33.75
1994 2.19 2.27 0.957 0.597 0.53 0.317 31.68
1995 2.20 2.20 1.005 0.5645 0.492 0.363 34.00
1996 2.31 2.38 1.116 0.6955 0.605 0.42 39.73
1997 2.26 2.25 1.128 0.679 0.552 0.387 34.81
1998 1.91 1.94 0.975 0.4765 0.405 0.28 22.37
1999 2.07 2.04 1.059 0.574 0.458 0.354 31.34
2000 2.61 2.62 1.306 1.011 0.603 0.566 48.66
2001 2.43 2.40 1.323 0.91 0.506 0.476 37.55
2002 2.26 2.21 1.288 0.8555 0.419 0.53 39.84
2003 2.56 2.47 1.493 1.048 0.577 0.661 45,55
2004 2.96 2.90 1.819 1.1835 0.839 0.681 57.43
2005 3.51 3.72 2.231 1.846 1.089 0.971 75.67
2006 3.86 4.06 2.682 2.121 1.358 1.136 88.54
2007 4.09 4.20 2.849 2.214 1.489 1.35 97.94
2008 4.57 5.37 3.273 3.1675 1.892 1.866 129.98
2009 3.31 3.48 2.442 2.1895 1.22 1.342 83.16
2010 3.85 4.15 3.028 2.632 1.481 1.697 105.09
2011 4.74 5.18 3.803 3.335 1.709 2.336 137.84
2012 4.77 5.23 3.971 3.4735 1.139 2.457 133.08
2013 455 5.09 3.932 3.4105 1.028 2.278 127.31
2014 4.29 4.89 3.986 2.772 1.097 2.044 114.45
2015 3.10 3.45 - 1.629 0.481 0.996 59.10
2016 2.71 2.91 - 1.319 0.498 0.745 48.74
2017 2.98 3.27 - 1.629 0.772 1.116 60.40
2018 3.28 3.83 - 2.616 0.925 1.463 73.83
2019 3.08 3.61 - 1.97 0.603 1.428 68.51
2020 2.55 2.98 - 1.293 0.502 1.143 43.46
2021 3.37 3.67 1.954 1.088 1.77 73.53

Table 4: Historical Prices ($/Ga| for Refined Products, $/Barrel for Crude Oil)
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Figure 6: Forecasted Prices ($/Gal for Products , $/Barrel for Crude Oil)
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Worst Case Scenario:
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Figure 7: NPV Distribution for Worst Case Scenario ($MM)
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Figure 8: IRR Distribution for Worst Case Scenario
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Best Case Scenario:
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Figure 9: NPV Distribution for Best Case Scenario ($MM)
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Figure 10: IRR Distribution for Best Case Scenario
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The simulation results show a positive NPV with a probability above 80%, and IRR
values with a mean of 35.79% and standard deviation of 20.79% for the worst-case
scenario and a mean of 54.75% and standard deviation of 32.47% for the best-case
scenario. The simulation is run while considering the hazards provided by price changes.

This means that the refinery design proposed is profitable considering price changes.

3.10.3 Ethylene and Propylene Demand Rise

Light olefins are crucial starting materials in many petrochemical processes
because they serve as the foundation for a variety of finished goods including
polyethylene and polypropylene. Current market analysis reveals that the demand for
propylene is growing faster than the demand for ethylene, and the supply cannot keep up
with the demand. The steam cracking (SC) and Fluid Catalytic Cracking (FCC) of light

naphtha yield a significant amount of ethylene and propylene. [25]

120
“Propylene Gap'\

2000 2005 2010 2015 2020

100

2011 Propylene Production

80 |

million MTA
o

4

o

2

o

0

s Supply from Refinery FCCs

Refinery FCC m On purpose W Steam Crackers m== Supply from Steam Crackers
== Doemand (Polymer/Chemical Gr.)

Figure 11: Propylene Supply and Demand

In this study, the steam cracking process will be considered. This process will

replace the Methaforming Process used in the refinery. The cost of the Steam Cracker is
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added, and the Cost of the Methaforming Process is removed. The Capital Cost will be as

calculated in Table 5.

. Low Costs High Costs
Capital Costs ($Million) ($E/Ii|lion)
ISBL Cost 1504.63 2934.53
OSBL Cost 601.852 1173.81
Engineering and Construction Costs 210.65 410.83
Contingency Charges 315.97 616.25
Working Capital 315.97 616.25
Total 2949.07 5751.67

Table 5: Capital Costs for the new proposed Refinery design

Steam Cracking of Naphtha yield many products as shown in Figure 9:

Yield by weight Ethane (%) Propane (%) Butane (%) Naphtha (%) Gasoil (%)
Hydrogen and methane 13 28 24 26 18
Ethylene 80 45 37 30 25
Propylene 2 15 18 13 14
Butadiene | 2 2 5 5
Mixed butenes 2 1 6 8 6
C5+ 2 9 13 8 7
Benzene 0 0 0 5 5
Toluene 0 0 0 4 3
Fuel oil 0 0 0 2 18

Figure 12: Steam cracker yields of various petrochemical feedstocks.

The following table represents the revenue streams from the newly proposed design of

the refinery and based on latest averaged available online prices. [18] [26]
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Revenue

Products Flow Rate Price L
($Million/year)
Ethylene 121.1 MT/h 1235 ($/MT) 1196.46
Diesel 10000 bpd 203.72 ($/barrel) 679.06
Main Propylene 52.48 MT/h 1317 ($/MT) 552.93
Product | Kerosene 8800 bpd 176.65 ($/barrel) 518.17
AGO 4000 bpd 135.6 ($/barrel) 180.79
Methane & Hydrogen 231400 Ib/h 1.23 ($/L) 2448.36
Main Product Total Revenue 5575.77
LVGO 2000 bpd 191.44 ($/barrel) 127.62
By HVGO 2000 bpd 191.44 ($/barrel) 127.62
Product | Gases 6.7 x 10° Ib/h - -
Residue 1.05x 10° Ib/h 690 ($/MT) 2630
By Product Total Revenue 2800

The calculated Costs and Revenues are then used to calculate the NPV and the Internal

Table 6: Revenue Streams for New Design

Rate of Return of the Project using the same Excel model and the same assumptions are

made.

The Results are as follows:

Worst Case Scenario:

The Net Present Value of the refinery is calculated to be $6,972.8 Million.

Internal Rate of Return (30 years) is calculated to be 36.1%.

Simple Pay-Back Period is 1.5 years.

Best Case Scenario:

The Net Present Value of the refinery is calculated to be $9,264.2 Million.

Internal Rate of Return (30 years) is calculated to be 64%.

Simple Pay-Back Period is 0.76 years.
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These results show that the NPV values are positive but lower than the values from the
initial study. This could be due to the low yield of propylene and ethylene from the steam
cracking process compared to that of gasoline and LPG from the Methaforming process.
The huge increase in demand of ethylene and propylene requires more studies to be done
on the processes available in a way that increases their yield, and subsequently the

profitability of the refineries that produce these types of products.

3.10.4 Shifting to Electrical Cars

Gasoline and other petroleum-based fuels will likely become less popular over
time because of the shift to electric vehicles, which is anticipated to have a considerable

impact on oil refineries.

The demand for gasoline is anticipated to decline as more people transition to
electric vehicles, which would reduce the requirement for oil refining infrastructure. As
a result, there could be fewer prospects for employment in the oil business and a decline

in revenues for oil refineries.

Additionally, the type of products that oil refineries produce could change as
electric cars gain popularity. For instance, to suit the changing demands of the
transportation industry, refineries would need to create more specialized goods like

lubricants and chemicals.

The effect of this shift in Lebanon on the refinery is the drop in revenues due to
decreasing demand for gasoline, which is the major product of the refinery. This decrease

is gradual through years. Finding a new exporting market for gasoline or shifting to the
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production of ethylene and propylene are some solution this issue. Further studies shall

be done in the future do evaluate the impact of this shift in a more precise approach.

3.10.5 Gas Exploration in Lebanon

According to a 2015 study by the Credit Libanais SAL bank’s economic research
unit, the French company Beicip Franlab estimated oil reserves between 440 and 675
million barrels and the British oil company Spectrum estimated there to be between 12
and 25 trillion cubic feet (TCF) of gas in Lebanese waters. [27] Following the completion
of drilling operations in Block 4 in April 2020 it was determined that there was a
hydrocarbon system since there were tiny levels of gas present. [28]

The gas exploration in Lebanon may influence the refinery inputs and outputs. If
the explored gas is used for electricity generation demand for diesel and fuel oil will drop,
yet the output streams could be exported to other countries with competitive prices.
Moreover, the condensate produced from the explored gas may be used as input to the
refinery with the imported crude depending on the properties of the extracted condensate.
This will decrease the consumable costs and subsequently increase the profitability of the
refinery.

Further studies shall be performed to cover the effects of the Lebanese offshore
gas exploration on the refinery specially the issues related to the real quantities and
properties of the condensate that may be used as a feed to the refinery and its impact on
the yield of the refined products, their properties and their prices that directly affect the

revenues of the project.
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CHAPTER 4
CONCLUSION

In conclusion, the construction of a new refinery is technically, economically,
and environmentally feasible based on the findings of the feasibility study. The initiative
has the potential to significantly boost the local and regional economies, particularly
through the creation of jobs and higher tax collections. The country's energy supply
security can be improved by the construction of a new refinery. The various managerial
aspects of the project were considered. The economic analysis results, the design, the
location, and the importing method chosen showed that the project is profitable
considering the market fluctuations and risks through a simulation model that account for
the crude oil and petroleum products prices variation through time.

Another design for the refinery was suggested that fulfills the rising demand of
petrochemical products such that ethylene and propylene and showed profitable results.
This design can also be used when shifting to electrical cars is imposed, and the demand
for gasoline drops considerably.

This Report also covered a modest study on the effect of Lebanese gas resource
exploration in terms of feed and end products and it showed that the effect could be
positive based on the properties of the gas condensate and the way it will be treated in the
refinery processes.

The limitations of this study are the chosen imported crude oil properties and price
that determine the refinery design in addition to the yields of refined products and their
prices that will vary widely the project profitability. In addition, the lack of information
about the gas reserves in Lebanon makes it harder to determine the exact effects of these

reserves’ exploration on the refinery.
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Further studies shall address the topics related to the design and yield of the
refinery based on various crude oil types. Additionally, accurate prices of middle east
crude oil and petroleum products shall be determined to achieve accurate profitability
results. Moreover, studies shall be done on refinery processes that produce ethylene and
propylene in a way that maximizes their yield and properties to fulfill their rising demand.
Finally, more information shall be collected regarding the Lebanese gas reserves that

allow a more detailed study on their effect on the refinery.
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