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IEA (International Energy Agency)
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• Born with the 1973-1974 oil crisis, after the oil embargo.

• Founding members were Austria, Belgium, Canada, Denmark, Germany, Ireland, Italy, Japan, Luxembourg, The Netherlands, Norway 

(under a special Agreement), Spain, Sweden, Switzerland, Turkey, United Kingdom, and the United States.

• In 2015, the IEA’s Ministerial Meeting approved a new modernization strategy presented by the Agency’s newly appointed Executive 

Director, Dr Fatih Birol.

• The IEA is made up of 32 Member countries. In addition, the IEA family also includes thirteen Association countries.

• Promotes energy transition and is the main publisher in this area.



EIA (Energy Information Administration)
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• The U.S. Energy Information Administration (EIA) was created in response to the need for additional Federal initiatives to collect and 

disseminate energy-related information, and to evaluate and analyze this information. These needs were revealed as the United 

States sought to respond to the energy crises of the 1970s. The first law to address these needs was the Federal Energy 

Administration Act of 1974 and, over the years, many subsequent laws have contributed to EIA's evolution and growth.

• The U.S. Energy Information Administration (EIA) collects, analyzes, and disseminates independent and impartial energy information.

• Provides a vast amount of data with the possibility to download.



OPEC (Organization of Petroleum Exporting Countries)
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• The Organization of the Petroleum Exporting Countries (OPEC) is a permanent, intergovernmental Organization, created at the 

Baghdad Conference on September 10–14, 1960, by Iran, Iraq, Kuwait, Saudi Arabia and Venezuela.

• OPEC had its headquarters in Geneva, Switzerland, in the first five years of its existence. This was moved to Vienna, Austria, on 

September 1, 1965.

• OPEC's objective is to co-ordinate and unify petroleum policies among Member Countries, in order to secure fair and stable prices for 

petroleum producers; an efficient, economic and regular supply of petroleum to consuming nations; and a fair return on capital to 

those investing in the industry.

• Member Countries: Algeria, Congo, Equatorial Guinea, Gabon, Iran, Iraq, Kuwait, Libya, Nigeria, Saudi Arabia, United Arab Emirates, 

and Venezuela.



GECF (Gas Exporting Countries Forum)
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• The origins of the Gas Exporting Countries Forum (GECF) can be traced to the First Meeting of Ministers held in Iran in 2001. This 

Ministerial Meeting was convened by the Minister of Petroleum of Iran and was attended by the governments of Algeria, Brunei, 

Indonesia, Iran, Malaysia, Oman, Qatar, the Russian Federation, Turkmenistan and Norway (Observer).

• The Gas Exporting Countries Forum (GECF) is an international governmental organization which provides the framework for 

exchanging experience and information among Member Countries. The GECF is a gathering of the world’s leading gas exporting 

countries and was set up with the objective to increase the level of coordination and strengthen the collaboration among its 

members.

• The full-fledged Members of the GECF are Algeria, Bolivia, Egypt, Equatorial Guinea, Iran, Libya, Nigeria, Qatar, Russia, Trinidad and 

Tobago, UAE and Venezuela. Angola, Azerbaijan, Iraq, Malaysia, Mauritania, Mozambique, Peru and Senegal hold the status of 

Observers. Together, they represent 69% of the world’s gas reserves, 39% of the marketed production, and 40% of global gas exports. 

Moreover, GECF member countries collectively account for more than half of the world LNG exports (51%).



International Renewable Energies Agency
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• The proposal for an international agency dedicated to renewable energy was made in 1981 at the United Nations Conference on New 

and Renewable Sources of Energy, held in Nairobi, Kenya. The idea was further discussed and developed by major organizations in the 

field of renewable energy, such as Eurosolar.

• The International Renewable Energy Agency (IRENA) was officially established in Bonn in 2009.

• The International Renewable Energy Agency (IRENA) is an intergovernmental organization that supports countries in their transition to 

a sustainable energy future, and serves as the principal platform for international cooperation, a center of excellence, and a 

repository of policy, technology, resource and financial knowledge on renewable energy.



OIES (Oxford Institute for Energy Studies)
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• The Oxford Institute for Energy Studies (OIES) was founded in 1982 as an independent center for advanced research into the social 

science aspects of international energy. 

• The Oxford Institute for Energy Studies is a world leading independent energy research institute specializing in advanced research into 

the economics and geopolitics of the energy transition and international energy across oil, gas and electricity markets.



King Abdullah Petroleum Studies and Research Center
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• King Abdullah Petroleum 

Studies and Research Center 

(KAPSARC) is an advisory think 

tank within global energy 

economics and sustainability 

providing services to entities 

and authorities in the Saudi 

energy sector.

• Over 250 staff and 80 insights in 

2022. Inaugurated in 2017 – 

however, the establishment 

dates to around a decade 

before that.



Center for Energy Studies at Baker Institute for Public Policy 
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• From its location in the energy capital of the world — Houston, Texas — the Center for Energy Studies (CES) at Rice University’s Baker 

Institute for Public Policy provides critical insights on the world’s complex and evolving energy landscape. 

• Economic modeling and forecasting; expanded emphasis on the nexus between energy and environment; and a continued focus on 

emerging technologies, regulations, and geopolitical risk reinforce the center as a key resource for policymakers and the energy 

industry.



S&P Global (1/3)
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• In 2022, S&P Global completed a merger with IHS Markit, resulting in the formation of S&P Global Commodity Insights.

• Platts was founded in 1909 by the journalist Warren C. Platt who starts a monthly new magazine, National Petroleum News (NPN). This Publication 

provides essential insights to the oil industry and helps investors to leverage that intelligence into smart investment decisions.

• S&P Global Platts is the leading independent provider of information and benchmark prices for the commodities and energy markets. Customers in over 

150 countries look to Platts’s expertise in news, pricing and analytics to deliver greater transparency and efficiency to markets.

• Platts’ coverage includes oil and gas, power, petrochemicals, metals, agriculture and shipping. A division of S&P Global, Platts is headquartered in London 

and employs over 1,000 people in more than 15 offices worldwide.

• IHS was founded in 1959 by Richard O'Brien as a provider of product catalog databases on microfilm for aerospace engineers. Since then, IHS Markit has 

served customers ranging from governments and multinational companies to smaller businesses and technical professionals. 

• IHS Markit is a dynamic team that includes more than 5,000 analysts, data scientists, financial experts and industry specialists.

• IHS Markit partners with hundreds of leading solution providers to deliver information and insight to customers throughout global financial, resources, 

transportation and other sectors.



S&P Global (2/3)
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S&P Global (3/3)

15Energy Strategy 4 - Fall 2025 - RF



Argus
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• Argus was founded in 1970 and is a privately held UK-registered company. It is owned by employee shareholders, global growth 

equity firm General Atlantic and Hg, the specialist software and technology services investor.

• Headquartered in London with over 1,400 staff, Argus is an independent media organization with 30 offices in the world’s principal 

commodity trading hubs.

• Companies, trading firms and governments in 160 countries around the world trust Argus data to make decisions, analyze situations, 

manage risk, facilitate trading and for long-term planning. Argus prices are used as trusted benchmarks around the world for pricing 

transportation, commodities and energy.



FGE NexantECA
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• FGE and NexantECA were merged in 2025 by investment from TA Associates.

• FGE was incorporated as Fesharaki Associates Consulting & Technical Services (FACTS) in 1983. The company was the first consulting 

firm to specialize in the oil and gas markets East of Suez and remains one of the very few firms to focus expertise on the Asia Pacific.

• With the acquisition of Energy Market Consultants (EMC) in 2006, the FGE group is unique in the oil and gas consultant market, with 

focused expertise on the Asia Pacific, Middle Eastern, North American, European, and former Soviet Union markets. FGE combines its 

technical tools, economic analysis, computer simulation, and engineering considerations with qualitative analysis of market behavior 

and political realities.

• NexantECA (Energy and Chemicals Advisory) was separated from Nexant and rebranded separately from 2021. Nexant itself was the 

result of merger (in 2001) between the old Chem Systems consulting business and a business within Bechtel Engineering, which was 

included their engineering consulting business. Chem Systems was founded in 1964



Wood Mackenzie
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• Wood Mackenzie was founded in 1923 as a small, relatively unknown, Edinburgh-based stockbroker. By the 1970s, it had become one 

of the top three stockbrokers in the UK, renowned for the quality of its equity research. In 1973, its equity analysts published the first 

oil report.

• For nearly 50 years, Wood Mackenzie has been providing quality data, analytics, and insights used to power the natural resources 

industry.

• Dedicated oil, gas & LNG, power & renewables, chemicals, and metals & mining sector teams

• In 2015, were acquired by Verisk and in 2022 acquired by Veritas.



Rystad Energy
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• Jarand Rystad founded Rystad Energy in 2004 and has, since its inception, managed the company.

• Offices in more than 28 locations worldwide, and with a 600-strong team of talented Rystad Energy employees from more than 60 

countries.

• An independent energy research and business intelligence company providing data, tools, analytics and consultancy services to clients 

exposed to the energy industry across the globe.

• Energy fundamentals, oil and gas markets, supply chains, renewables and energy transition.

• Main sources are governmental databases and archives, company presentations, professional and scientific reports, media as well as 

user feedback.



ICIS (Independent Commodity Intelligence Services)
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• ICIS was founded in 1980 by Humphrey Hinshelwood (1929-2001), a petrochemicals reporter. ICIS later was merged with London Oil 

Report. ICIS’s history goes back to 1871 as ICIS Chemical Business (ICB) magazine's forerunner Oil, Paint and Drug Reporter was 

launched in 1871, providing pricing information and insight on specialty commodities.

• ICIS is a team of over 800 people, more than a quarter of whom are subject matter experts, located in 22 offices around the world. 

• Focused on energy, petrochemical and fertilizer markets.



Energy Intelligence
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• The Oil Daily was founded in 1951 as a newspaper for the US oil industry in the post-World War II economic boom. In 1986, Mr Sidawi 

acquired The Oil Daily Co. and subsequently launched Energy Compass.

• Petroleum Intelligence Weekly (PIW) was founded in 1961 by the legendary oil journalist Wanda Jablonski, who single-handedly 

invented international energy journalism in the 1950s. Ms. Jablonski sold PIW Publications in 1988. In 1996, Mr Sidawi’s The Oil Daily 

Co. bought PIW Publications, creating Energy Intelligence.



Westwood Energy
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• Formed in 2015 due to a merger between Douglas Westwood (founded in 1990), Hannon Westwood (founded in 1993), and 

Richmond Energy (founded in 2006).

• Provides subscription-based data services, bespoke reporting, and commercial advice to clients in upstream operations, onshore 

energy services, including North American unconventionals, and offshore energy services.



Refinitiv (part of LSEG)
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• Refinitiv is an American-British global provider of financial market data and infrastructure.

• The company was founded in 2018 as a subsidiary of Thomson Reuters, which then sold a 55% stake to Blackstone Group LP in August 

2018. In October 2019, Blackstone and Thomson Reuters announced the sale of the company to London Stock Exchange Group. LSEG 

completed the US$27 billion purchase from the two previous owners in late January 2021, and Refinitiv is now a subsidiary of LSEG.

• LSEG is one of the world’s leading providers of financial markets infrastructure and delivers financial data, analytics, news and index 

products to more than 40,000 customers in over 170 countries.



Vortexa
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• Since Fabio and Etienne started Vortexa in early 2016, the fast-growing team of engineers, data scientists, and market analysts have 

been creating a best-in-class system of data and analytics tools with the most complete view of global flows of oil & gas, delivered in 

real-time.

• The company uses technologies such as reusable rocket launching, lower-cost satellites, cloud-scale computational power and 

machine learning modelling.

• Vortexa has over 100 employees and 200 clients with 5 global offices.



Kpler
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• In 2014, Kpler released the first cargo-tracking platform for LNG. The product was a breakout success which fostered the further 

growth of Kpler. Since then, Kpler have expanded its portfolio of solutions to more than 40 types of commodities.

• Today, Kpler is the biggest commodity data platform available across the industry. Kpler is a success story.

• Kpler has grown from a start-up to a global group of 150 people, serving more than 600 accounts in 65 countries.



Domestic References
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IIES Sobhan RIEMP GPTT PetroView
VCM 
Study

VCDC SolutiEn



Events
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ADIPEC

• From 1984 in Abu 
Dhabi

CERAWeek

• From 1983 in 
Houston 

APPEC

• From 1984 in 
Singapore

WPC

• From 1933

EIF

• From 1980 in 
London



Reports
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How should we analyze the energy industry at high level?



Two dimensions of the cake
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From which sources

How much



Basic energy equation
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Energy supply Conversion and losses Energy consumption

Net imports



Basic energy equation – details
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Energy supply Conversion and losses Energy consumption

• Consumption• Production

• Import

• Export

• Stock changes

• Plants

• Energy industry’s own 

consumption

• Losses

• Others



Additional dimensions for energy modelling
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Sectors Fuels Geography

• Continents

• Countries and states

• Emerging and 

developed economies

• Industry, 

transportation, 

agriculture, etc.

• Renewable versus 

non-renewable

• Gas, liquid, solid, 

electricity



World total final consumption by sector (EJ)
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World total final consumption by source (EJ)
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World total energy supply by source (EJ)
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Energy supply by source from 1990 to 2022 – doughnut view
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2022 (EJ)1990 (EJ)

Total size: 

364 EJ

Total size: 

622 EJ

28%

23%
5%

9%

30%

3%

3%

Coal

Natural gas

Hydro

Nuclear

Wind, solar, etc.

Biofuels and waste

Oil

26%

19%
10%

37%

2%
6%

0%



World total final consumption by region (1973-2019) – doughnut view
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2019 (EJ)1973 (EJ)

Total size: 

254 EJ

Total size: 

606 EJ

14%

8%

6%

61%

1%

3%4%

4%

5%
8%

21%

14%

4%6%
4%

38%

Middle East

Non-OECD and Eurasia

China

Non-OECD Asia

Non-OECD Americans

Africa

Bunkers

OECD



Energy demand drivers
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Indirect drivers

Technology Investment Regulations

Direct drivers

Demographics Economy

Boundary conditions?

Climate Culture
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• IEA, Energy Statistics Data Browser

• IEA, Key World Energy Statistics
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What do you think about energy efficiency in Iran?



Productivity (= efficiency in energy economics)
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Output

Input

• GDP

• Energy



Intensity
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Input

Output

• Energy

• GDP



Energy intensity and energy efficiency
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• Energy intensity is a proxy to understand how efficiently we use energy

• Energy efficiency is meaningless at aggregate levels – we use it for simplicity and use

• Two items matter: disaggregation at granular level, and other explanatory items considered



Key energy efficiency metrics
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Total energy supply per unit of GDP
Total energy supply per unit of GDP 

(PPP)
Total energy supply/population



Energy intensity measured in terms of primary energy and GDP
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Energy intensity measured in terms of primary energy and GDP
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World primary energy intensity, 2010-2024 and scenarios to 2030
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Decomposition of change in IEA countries total final energy use, 2000-2021
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Services and manufacturing in selected IEA countries: energy per value 

added
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• IEA website

• US Department Of Energy

• IEA, Energy intensity
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World total final consumption by source (EJ)
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World total final consumption by source (%)
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World electricity generation by source (PWh)
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World electricity generation by source (%)
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World electricity generation by source (%)

59Energy Strategy 4 - Fall 2025 - RF

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Biofuels

Waste

Nuclear

Hydro

Wind + Solar

Exponential growth 

– continues?



60Energy Strategy 4 - Fall 2025 - RF
Can growth continue?



Renewable electricity generation (TWh) – excluding nuclear
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Key metrics to measure electricity cost
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Energy capacity (energy capacity multiplied by capacity factor)

Capital expenditures and all other costs

Power capacity

Capital expenditures

Energy value (energy capacity after adjusting for energy, capacity, and flexibility)

Capital expenditures and all other costs

Energy value 2.0 (energy value while considering chemical and physical)

Capital expenditures and all other costs

Different metrics for different 

applications, like energy per 

volume or weight

Value-adjusted levelized cost 

of electricity (VALCOE)

$/KWh

Levelized cost of electricity 

(LCOE)

$/KWh

CAPEX

$/KW



Total installed cost, capacity factor and LCOE trends by technology
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Global weighted average LCOE
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Global electric car sales
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Electric car registrations and sales share
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Oil displacement by mode (2023-2035)

67Energy Strategy 4 - Fall 2025 - RF



IEA Total Cost of Ownership Tool
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Any reflections?



World total energy supply (EJ)
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World total final consumption (EJ)
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World electricity generation (PWh)
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World electricity generation in the SPS
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Let’s ask ChatGPT…
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Greenhouse effect
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GHG emissions
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Average temperature anomaly (global)
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Greenhouse gas emissions by sector
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Annual CO₂ emissions from fossil fuels
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3 scopes of emissions
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Scope 1: Direct GHG emissions

• Emissions from operations that are owned or controlled by the reporting company

Scope 2: Electricity indirect GHG emissions

• Emissions from the generation of purchased or acquired electricity, steam, heating, or cooling 
consumed by the reporting company

Scope 3: Other indirect GHG emissions

• All indirect emissions (not included in scope 2) that occur in the value chain of the reporting company, 
including both upstream and downstream emissions 



Global emissions in 3 scenarios
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World energy investment (Billion USD)
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World energy investment (Billion USD)
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Investment in fuels supply (Billion USD)
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Investment in power supply (Billion USD)
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Annual energy sector investment by sector and scenario
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Upstream oil and gas capital expenditure by activity and field type
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Upstream oil and gas investment by company type
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Investment in refineries by region and net refining capacity change
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Final investment decisions for LNG export capacity (right) and investment 

and cumulative export capacity (left)
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Investment in coal production
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Source of finance?



Cumulative historic clean and fossil energy in other EMDE (left), China 

(middle) and advanced economies (right), 2015-2024
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Value creation
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Operating profit after tax

Cost of capital

Economic value added

• WACC

• EVA



ROC and WACC
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Venture capital investment in energy start-ups, by technology area, for 

early-stage (left) and growth-stage deals (right)
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Key technologies
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Wind Solar PV Nuclear
Electric 
vehicles

Green 
Hydrogen

Heat pumps CCUSBattery
Sustainable 

fuels
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What is a hydrocarbon?



Overview of key hydrocarbons
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C1

• Gas 
industry

• Methanol

• Ammonia

C2

• Ethylene

C3, C4

• LPG

• Propylene

• Butadiene

Naphtha, 
Gasoline

• Crackers

• BTX

Jet, 
Kerosene

Diesel, 
Gasoil

VB, LC

• Fuel Oil

• Bitumen

• Lubricants



Some important hydrocarbon groups
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Group Description Example

Alkane (Paraffin) Consisting only of atoms connected by single bonds Ethane – C2H6

Alkene (Olefin) Contains at least one double bond Ethene (ethylene) – C2H4

Cyclo-alkane 

(Naphthene) 
Presence of 2 hydrogen atoms per carbon atom, with a ring structure Cyclohexane – C6H12

Aromatics Presence of a 6-atom cycle with alternating single and double bonds (benzene core) Benzene – C6H



Steam cracking of Ethane 
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C C
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C C

HH
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Gas abbreviations

110Energy Strategy 4 - Fall 2025 - RF

• Compressed Natural Gas (Cars in Iran)

CNG

• Liquified Natural Gas (Power Sector)

LNG

• Natural Gas Liquid (C2+ for Olefin, …)

NGL

• Liquid Petroleum Gas (C3 & C4 for fuel, …)

LPG

• Gas to Liquid (Convert C1 to Products)

GTL



Distillation tower
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A simplified industry flow
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Rich gas

Oil

C1

C2

C3, C4

C5+

Naphtha, Gasoline

Jet, Kerosene

Diesel, Gasoil

VB, LC

Methanol

Ethylene

Propylene

Butadiene

Benzene

Toluene

Xylenes

Ammonia

Condensate



From crude oil to basic petrochemicals
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Breaks down saturated hydrocarbons into smaller, often 

unsaturated, hydrocarbons.

Converts naphtha into liquid products called reformates, 

which are "blending stocks" for high-octane gasoline.

Convert heavy hydrocarbon fractions of petroleum into 

gasoline, alkene gases, and other products.



From natural gas to basic petrochemicals
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Petrochemical feedstock and derivatives
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Resources classification framework
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Global recoverable oil reserves
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Oil markets and downstream crude oil grade map (general)
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World proven crude oil reserves by country (Billion barrels)
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World proven crude oil reserves by country (Million barrels per day)
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Oil trade movements
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OPEC Reference Basket in nominal and real terms
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Is oil cheap? Why?
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• 159 liters of oil = 70 USD => .44 USD/liter

• 9 liters of Zamzam = 2.7 USD => .3 USD/liter



126Energy Strategy 4 - Fall 2025 - RF

What is oil? What is gas?



Short-to-medium term oil price forecast methodology
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Demand

• GDP growth

• Mobility

• Industry activity

Supply

• Non-OPEC+/DoC

• Shale oil

• OPEC+/DoC

Stocks

• OECD commercial 
stocks

• SPR

• Major hubs

Outlook



World oil demand (Million barrels per day)
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Non-OPEC+/DoC liquids production (Million barrels per day)
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DoC NGLs + non-conventional liquids production (Million barrels per day) 
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DoC production/demand balance for 2025 (Million barrels per day) 
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OECD commercial stocks
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DoC crude oil production based on secondary sources (kilo barrels per day)
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DoC crude oil production based on direct communication (kilo barrels per day)
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OPEC secondary sources
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Before 2022 After 2022 After 2025

Platts Platts Platts

Argus Argus Argus

Energy intelligence Energy intelligence Energy intelligence
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Short-to-medium term oil price forecast methodology
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Demand

• GDP growth

• Mobility

• Industry activity

Supply

• Non-OPEC+/DoC

• Shale oil

• OPEC+/DoC

Stocks

• OECD commercial stocks

• SPR

• Major hubs

Other factors:

• Refinery throughput and margins

• Tankers

• Future markets

• Spare capacity



Long-term price forecast methodology
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Demand

Supply

• Non-OPEC+/DoC

• Shale oil

• OPEC+/DoC

Other factors

• Electrification

• Investments

• Breakeven points and cost 
curves

• Crude oil quality



Crude oil dated brent price forecast (USD) – IHS
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Global crude oil runs by region (million barrels per day) – IHS
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World oil supply by breakeven point – IHS
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Cost curve
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Is shale oil important to us? Why? 



An old story
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Overview of shale oil and gas production

146Energy Strategy 4 - Fall 2025 - RF



Shale oil porosity and permeability
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Weekly US crude oil production (million barrels per day)
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Shale oil data
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US tight oil production and active oil rigs (total)
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DUC wells
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US liquids supply outlook
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US shale gas production (billion cubic feet per day)

153Energy Strategy 4 - Fall 2025 - RF

0

10

20

30

40

50

60

70

80

90

100

Jan
2008

Jan
2009

Jan
2010

Jan
2011

Jan
2012

Jan
2013

Jan
2014

Jan
2015

Jan
2016

Jan
2017

Jan
2018

Jan
2019

Jan
2020

Jan
2021

Jan
2022

Jan
2023

Jan
2024

Jan
2025

Rest of U.S.

Woodford

Niobrara-Codell

Mississippian

Fayetteville

Barnett

Bakken

Eagle Ford

Utica

Marcellus

Haynesville

Permian



The underlying law…
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Upstream oil and gas capital expenditure by activity and field type
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US Shale oil CFO and CAPEX
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Breakeven reduction
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Structural Cyclical

Productivity
Drilling and completion 

efficiency
Costs High-grading



Vintage year order for crude oil IP180 by region
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Six-month initial production of crude oil by region
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Permian P50 drilling and completion cost by completion year (USD/feet)
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Cumulative oil production and cost changes (2014-2022)
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Permian oil production forecast in January 2025 (Thousand barrels per day)
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US oil, gas, and NGL production forecast in January 2025
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North America LNG export capacity (billion cubic feet per day)
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US LNG exports
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US LNG facilities as of 2024
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US net trade of hydrocarbon gas million barrels per day)
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Do you expect a peak oil? What does it mean?



Peak oil
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Old and new peak oils
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Old: peak supply Old: peak demand

• Paradigm: resource scarcity

• Concern: asset over-exploitation

• Paradigm: resource abundance

• Concern: stranded assets 



Parliament’s view – by Professor Saidi (2002)
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Global oil demand at risk (IEA)
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Global liquids demand (OPEC)
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Average annual oil demand growth (OPEC)
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Average annual oil demand growth in OPEC WOO for period 2035–2040 
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Global oil demand forecast (Rystad Energy)
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Fossil fuels demand outlook (Wood Mackenzie)
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Liquids demand per sector
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Global liquids demand for light vehicles
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Oil supply by scenario (Rystad Energy)
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Another old story
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NPV of upstream oil and gas production
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Stranded assets
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What is specific to gas compared to oil?



APPROXIMATE conversion factors for natural gas
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Volume

• 1,000 cubic feet ≈ 28.3 cubic meters

• 1 cubic meters ≈ 35.3 cubic feet

Weight

• 1 tons of LNG ≈ 48,000 cubic feet

Energy

• 1,000 cubic feet ≈ 1,000,000 BTU

• 1,000 cubic meters ≈ 5.8 BOE

• 1 BOE ≈ 5,800,000 BTU ≈ 6,200,000 KJ

• 1 KCAL ≈ 4 BTU ≈ 4.2 KJ



Volumetric energy density of fuels (MJ/liter)
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World gas reserves by country (TCM)
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Gas production and demand (BCM)
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Pipeline (left) and LNG (right) trade flows – top net importers/exporters
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Pipeline versus LNG
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Pipeline

593 BCM

LNG

544 BCM

• Long-term

• Limited distance

• Less flexibility

• Short-term/long-term

• All distances

• More flexibility

Numbers excluding 

intra-regional flows.



Gas prices (USD/MMBTU)
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Cost of gas exports (OLD)
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The breakeven prices of gas projects
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North America gas balance
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Russia piped capacity and flows to Europe
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Regional gas demand by sector
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More flexible LNG markets
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Major gas pricing mechanisms
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Gas-on-gas markets

US

EU

Indexed to energy prices

Asia

Regulated

Middle East



Wholesale price formation mechanisms map
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Oil parity curve
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LNG Price Asia vs TTF
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Middle East supply-demand imbalances
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Iran – major LNG projects announced around 2000
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Pars LNG

Phase 11

Total, PETRONAS, and 
NIGEC

10 mmtpa

Cancelled

Iran LNG

Phase 12

NIOC and OPIC

10.5 mmtpa

Delayed

Persian LNG

Phases 13 and 14

Shell, Repsol, and NIOC

16 mmtpa

Cancelled



Iran LNG update (2022)
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Overview of key hydrocarbons

211Energy Strategy 4 - Fall 2025 - RF

C1

• Gas 
industry

• Methanol

• Ammonia

C2

• Ethylene

C3, C4

• LPG

• Propylene

• Butadiene

Naphtha, 
Gasoline

• Crackers

• BTX

Jet, 
Kerosene

Diesel, 
Gasoil

VB, LC

• Fuel Oil

• Bitumen

• Lubricants



From crude oil to basic petrochemicals
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Breaks down saturated hydrocarbons into smaller, often 

unsaturated, hydrocarbons.

Converts naphtha into liquid products called reformates, 

which are "blending stocks" for high-octane gasoline.

Convert heavy hydrocarbon fractions of petroleum into 

gasoline, alkene gases, and other products.



Refining: low complexity (Hydroskimming (Topping)
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Uses hydrogen, high temperatures, pressures, and catalysts 

to remove impurities like sulfur, nitrogen, and olefins.



Refining: Medium Complexity (Catalytic Cracking)
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Convert isobutane and low-molecular-weight alkenes 

into alkylate, a high-octane gasoline component.



Refining: Coking / Resid Destruction
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Heating a residual oil feed to its thermal cracking 

temperature in a furnace with multiple parallel passes.

Cracks the heavy molecules of gas oil into distillate and 

gasoline in the presence of hydrogen and a catalyst.



Refinery output by product
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Top refining companies by capacity (million barrels per day)
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Crude distillation capacity additions over 2025–2050 (million barrels per 

day)
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Global oil demand by over 2024–2050 (million barrels per day)
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How profitable is refining business?



Regional refining margins (USD per barrel)
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Refining petrochemical integration
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COTC configuration
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COTC: Ultimate integration / Merger of refinery and 
Petrochemical

Full: Refining + Steam Cracking + PX Complex

Single: Refining + Steam Cracking or Refining + PX Complex

Refining Plus: Refining + BTX + Propylene

Refining



Fuels refinery integrated with petrochemicals (example)
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COTC complexes in operation or planned
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Nelson Complexity Index of Iranian refineries
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Iran refineries: fuel or feed
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Oil demand in the petrochemical sector
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Production growth for selected bulk materials and GDP
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Petrochemical building blocks and products
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World capacity for primary petrochemicals
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Production of primary petrochemicals by region
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World consumption of base petrochemicals (1/4)
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World consumption of base petrochemicals (2/4)
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World consumption of base petrochemicals (3/4)
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World consumption of base petrochemicals (4/4)
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237Energy Strategy 4 - Fall 2025 - RFHow profitable is refining business?



Feedstock options by chemical product
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Yield of individual HVCs in multi-product processes
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Primary feedstock use and chemical production by region
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ICIS top 100 chemical companies 2023 (billion dollars)
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ICIS top 100 chemical companies 2025 (billion dollars)
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What is an energy/E&P/oil company?



TotalEnergies business model



Classification of energy companies by S&P Global Capital IQ (1/2)

Oil, gas, and coal (excluding oilfield services)
Integrated oil and gas

Oil and gas exploration and production

Oil and gas exploration services

Oil and gas production

Oil and gas refining and marketing

Petroleum refining

Petroleum and petroleum products

Oil and gas storage and transportation

Fuel dealers

Oil and gas pipelines

Natural gas pipelines

Oil and gas tankers

Coal and consumable fuels

Anthracite coal mining

Coal products

Bitumen coal and lignite mining

Metallic mining geophysical surveying

Uranium ores



Classification of energy companies by S&P Global Capital IQ (2/2)

Utilities and power

Electric utilities

Electric power generation by fossil fuels

Electric power transmission and control

Electric power generation by nuclear fuels

Electric power distribution

Gas utilities Oil and gas distribution

Multi-utilities

Hydroelectric power generation

Electric power by wind energy

Alternative energy resources

Electric power by solar energy

Alternative fuels

Fuel cells

Biofuels

Independent Power 

Producers and 

Energy Traders

Utilities



Oil and gas: upstream to downstream
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Downstream

• Refining

• Chemicals

• Transportation and storage

• Retail and marketing

Upstream

• Exploration

• Production

Midstream

• Transportation and storage

• Refining



E&P / oil / energy
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Energy

• Oil and gas, sometimes plus other 

energy sources

E&P

• Upstream (exploration and/or 

production)

Oil and gas

• E&P and midstream/downstream



Key players classification by IEA

NOC INOC Majors

Independents OFS Co. Pure Downstream Co.

Trading Co.



National Oil Companies



International National Oil Companies



Majors



Independents



Oilfield Services Companies



Pure Downstream Companies



Trading Companies



The Evolution of Standard Oil



Oil and new seven sisters
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• The Old Seven Sisters

• The New Seven Sisters?!

The concept did not become popular – but is taking 

off with names like ADNOC and ARAMCO.



Total: sales excluding inter-segment sales (Billion USD)

261Energy Strategy 4 - Fall 2025 - RF

0

20

40

60

80

100

120

140

IGRP E&P RC MS

2015 2019 2020 2022



Downstream NPV10 and % of downstream NPV10 to total Corporate NPV
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Breakdown of downstream EBITDA exposure by segment, 2030 vs 2024
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Implied long-term oil price (USD per barrel), NPV10
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Practical difficulties and setbacks with NOCs (The World Bank)

265Energy Strategy 4 - Fall 2025 - RF

• Historical context and ideology

• Economic cost of political control

• Operational inefficiencies

• Lack of competition

• Subsidies and noncommercial objectives

• Weak corporate governance

• Funding strategy and requirements

• Conflict of interests and balance of control



NOC value creation index
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National mission

• Share of local content (%)

• Domestic output use (%)

• Share of nationals in NOC 

workforce (%)

• NOC employment share of country 

workforce (% )

• Employment growth (%)

• Non-commercial expenditure / total 

expenditure (%)

• Non-core commercial net income / 

total net income (% )

• Price subsidies / revenue (%)

Operational

• E&P production growth (%)

• Reserves replacement ratio ( %)

• Refinery utilization (%)

• Output / total assets (boe)

• Output / employees (boe )

Financial

• EBIT / revenue (%)

• EBIT / total assets (%)

• Net cash flow from operations

• / CAPEX (% )



Competition for the “last barrel”
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Classification of energy companies by S&P Global Capital IQ

Oilfield services and equipment
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Oil and Gas Drilling Oil Rig Services

Oil and Gas Equipment and 

Services

Oil and Gas Machinery and 

Equipment

Oil and Gas Field Exploration 

Machinery

Well Drilling Machinery and 

Equipment

Oil and Gas Production Equipment

Oil and Gas Field Services
Oil and Gas Geophysical Mapping 

and Surveying



Oilfield market dynamics
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Oil and gas prices E&P revenues E&P expenditure OFS revenues



Different definitions for oilfield services
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All equipment and services for oil and gas industry, or even in some 

cases energy industry

All equipment and services for oilfield

Selected services for 

oilfield – excluding rigs or 

equipment



Oilfield equipment and services segmentation
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Service purchased by oil and gas companies (billion USD)
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Oilfield services market by segment (billion USD)
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Revenue of top oil and gas suppliers
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Change in unit price of oil
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Oilfield services segments
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Exploration Drilling Completion Production
Capital equipment

and offshore services

Geophysical Offshore Contract Drilling Hydraulic Fracturing Artificial Lift Offshore Construction Services

Land Contract Drilling Subsea Equipment Specialty Chemicals Rig Equipment

OCTG Wireline Logging Well Servicing Supply Vessels

Directional Drilling Services Completion Equipment & Services Floating Production Services Petroleum Aviation

Drilling & Completion Fluids Rental & Fishing Services Contract Compression Services Unit Manufacturing

Cementing Surface Equipment Downhole Drilling Tools

Drill Bits Production Testing

LWD Coiled Tubing Services

Solids Control & Waste Management

Casing & Tubing Services

Surface Data Logging

Inspection & Coating



Rigs market
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Land

• Drilling

• Workover

Offshore

• Jack-up

• Semisubmersible

• Drillship

Could be segmented 

by horsepower.



Average number of rigs operational and global rig utilization
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Top 10 land drilling contractors
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Top offshore rig drillers (2023)
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Completed wells
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Offshore rigs day rates
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Offshore rigs demand
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Offshore rigs utilization
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Active rigs in MENA
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Which country has been successful in developing its oil and gas sector? Why?



Overview of five countries
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Subject KSA UAE Qatar Iraq Oman

Population (million inhabitants) 35.3 11 2.8 46.1 5.5

GDP at market prices (Billion USD) 1237 552 218 279 107

GDP per capita (000’ USD) 35 50 73 6 20

Proven crude oil reserves (Billion barrels) 267 113 25 145 4.8

Proven natural gas reserves (Trillion cubic meters) 9.7 8.2 24 3.7 Less than 1

Crude oil production (000’ bbl/d) ~9 ~3 Less than 1 ~4 Less than 1

Refinery capacity (000’ bbl/d) 3.3 1.2 Less than 0.4 1.2 Over 0.5



KSA

Overview
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• World’s largest oil exporter and OPEC’s most influential member

• Oil production comes mostly from onshore fields and is dominated by the Ghawar field – the world’s largest

• National oil company Saudi Aramco is responsible for nearly all oil and gas production

• Saudi exports 7-8 million barrels per day with the remainder going to local refineries and power stations

• During the hotter summer months, demand for power generation increases, which increases crude burn

• The Government has awarded Aramco a concession (40 + 20 + 40 years), with a few exceptions. Including Chevron in the neutral zone



KSA

Oil and gas fields and infrastructure
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World’s largest 

onshore oil field. 

World’s largest 

offshore oil field. 

Most fields in the 

eastern part.

Some oil is 

exported from west.

Most oil is exported 

from east.



KSA

Liquids capacity
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KSA

Long-term capacity provider
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KSA

Gas supply
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KSA

Jafurah 

297Energy Strategy 4 - Fall 2025 - RF

• 229 tcf gas and 75 billion barrels of condensate in place

• 100 BUSD investment plan

• 11 BUSD pipeline deal with GIP 

• Production plan: 200 mcfd in 2025, 650 mcfd in 2026 and 2 bcfd in 2030



KSA

Aramco IPO involved companies
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KSA

Aramco financials (1/2)
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2019 2020 2021 2022 2023 2024

330

230

400

604

495 480

Revenue and other income related to sales (Billion USD)

2019 2020 2021 2022 2023 2024

178

88
99

49

205

110

307

161

237

121

209

106

Income (Billion USD)

Income before income taxes and zakat

Net income



KSA

Aramco financials (2/2)
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2019 2020 2021 2022 2023 2024

184
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-3

EBIT by main segments (BUSD)

2019 2020 2021 2022 2023 2024
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33
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39
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CAPEX by main segments (Billion USD)

Upstream DownstreamUpstream

Downstream



UAE

Overview
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• Most of the UAE's oil and gas production (>95%) is in Abu Dhabi – five fields account for more than 85% of the total oil production

• Started LNG exports in 1970’s

• Pipeline gas imports from Qatar – Dubai was the first emirate to begin LNG imports, followed by Abu Dhabi

• ADNOC is the sole owner of gas, and can take up to 60% in all concessions

• ADNOC is major shareholder in the main existing concessions (offshore and onshore)

• Gas available for the domestic market is limited due to the continued reliance on gas re-injection for oil recovery

• Most contracts in the UAE are in the form of concession agreements and contractors are liable to pay royalty and income tax

• Activities outside Abu Dhabi is limited, mostly in Sharjah and Dubai – oil infrastructure exists in Fujairah



UAE

Oil and gas fields and infrastructure
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Dolphin pipeline.

LNG plant.

Salman field.

Fujairah terminals.



UAE

Liquids supply
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UAE

Gas balance

304Energy Strategy 4 - Fall 2025 - RF



UAE

Abu Dhabi sovereign wealth funds

305Energy Strategy 4 - Fall 2025 - RF

Name Area AUM (billion USD) Note

ADIA Abu Dhabi 1100
Main sovereign wealth fund, highly diversified with many non-controlling 

investments.

Mubadala Abu Dhabi 330

Ownes ADIC, Mubadala Energy, Mamoura Diversified Global Holding 

(previously known as Mubadala Development Company), CEPSA. IPIC merged 

into it.

ADQ Abu Dhabi 250 Ownes TAQA and ENEC.



Qatar

Overview

306Energy Strategy 4 - Fall 2025 - RF

• A global gas and LNG player, with huge reserves in the North Field (shared with Iran, where it is known as South Pars)

• LNG production capacity of 77 mmtpa, to be increased to 140+ mmtpa by 2031 by NFW, NFE, and NFS projects

• Upstream sector managed by Qatar Energy

• Key partners are ExxonMobil and Shell, followed by other companies like TotalEnergies, ConocoPhillips, Eni, SINOPEC and CNPC

• North Field Production Sustainability project to maintain production capacity by compressors

• 60% of liquids production is condensate and NGLs, and the rest mostly comes from Al Shaheen and Dukhan

• The integrated LNG projects under concession terms (tax/royalty) and the rest under PSC



Qatar

Oil and gas fields and infrastructure
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Al Shaheen field.

Dolphin pipeline.



Qatar

Liquids supply
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Qatar

A major LNG player
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Iraq

Overview
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• Huge upside potential from new explorations

• Production capacity increased from 2.4 mbpd in 2010 to around 5 mbpd – 85% from southern fields

• 110 tcf of gas resources, mostly associated

• Issues in relationship between Kurdistan and federal governments

• PSC in Kurdistan, TSC Iraq (rounds 1-4) and profit-sharing (round 5 onwards)



Iraq

Oil and gas fields and infrastructure
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Kurdistan fields - 

usually challenging.

Cross-border fields.

Not many gas 

fields.



Iraq

Liquids capacity
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Iraq

Gas balance
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Oman

Overview
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• The largest non-OPEC oil producer in the Middle East

• Challenging geology and requirement for EOR technology – steam flood, miscible gas and polymer injection projects

• EDO is formed in 2020 and owned by the government – main owner of PDO

• Presence of Occidental, BP, and smaller global/local E&Ps

• EPSA contracts – Block 6 (PDO) under concession

• Oman Oil has participation right up to 30%



Oman

Oil and gas fields and infrastructure
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Large share of 

block 6.

Out of Hormoz 

Straight.

New refinery in 

Duqm.

Several small fields.



Oman

Liquids supply
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Oman

Gas supply
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Oman

OQ
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Middle East upstream investment 
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Middle East power mix forecast 
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Middle East solar PV installed capacity by country 
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Energy flow summary
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3405 MBOE

Primary Energy 

Production

2343 MBOE

Primary Energy Supply

1449 MBOE

Final Energy 

Consumption

582 storage

239 export

164 injection

128 flare

445 loss

71 Internal



Primary Energy Production (MBOE)
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1187.4
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14.1 14.5

Oil

Rich Gas

Nuclear, Hydro, Renewables

Others



Final Energy Consumption by fuel and sector (MBOE)
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Iran Energy Flow (1399)
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Fossil fuel subsidies
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What is your judgment about D’Arcy Concession?



3 periods of oil history
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1872-1953

Concession

1954-1973…1979

Consortium

1979-Now

Service



Period 1: Concession
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1872

Reuter Concession

1901

D’Arcy Concession

1908

First Commercial 
Exploration at MIS

1932-1933

1933 Agreement

1946

Qavam - Sadchikov

1949

Gass-Gulshaiyan

1951

Nationalization

1952

NIOC Statute 
Ratification



Period 2: Consortium
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1954

Consortium Contract

1957

1st Oil Law

1957

Sirip Contract 
(production sharing)

1966

Erap Contract (service)

1973

Consortium 
Revocation (2nd 

Consortium Contract)

1974

2nd Oil Law

1974

Total Contract 
(service)

1979

Revolution



Period 3: Service 
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1979

Formation of MOP

1987

3rd Oil Law

1989-1993

Legislation of 
Foreign Investment 

and Buy-Back

1995

Total Contract

2011

4th Oil Law

2012

MOP Law

2015

IPC Resolution

2016

NIOC Statute

2017

Total Contract



Iran oil and gas infrastructure
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Huge gas network.

Most oilfields in 

Southwest.

Shared fields with 

Qatar.

Most gas fields in 

Fars and Bushehr.



Classification of companies active in Iran’s energy sector
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EPC

• Jahan Pars

• Kayson

OFS

• NIDC

• NDCO

Manufacturing

• OTCC

• LulehGostar

Consultants

• Monenco

• TEC

E&P

• NIOC

• Dana Energy

Chemicals

• Arya Sasol

• Jam

Refining

• Tehran

• Abadan

Power & Utilities

• Mahtab Gostar

• Mapna

Investment

Supply Chain



Post JCPOA E&P Players in Iran
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Iranian E&P companies
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Government Public 100% private

• PetroPars
• PetroGohar
• TENCO
• Petro Iran
• IDRO
• Persia
• Sina

• MAPNA
• OIEC
• Sarvak Azar
• IOEC
• IGC
• Pasargad

• Ofogh
• Pars Kayhan
• Dana Energy
• Kayson
• Marunkaran-Sealand
• WSI-Arvand
• Axone-Asmari
• Hirbodnirro-KPS



Iran’s oil production potential
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Middle East upstream investment 
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Reserve to production ratio (years)
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Oil production of Iran and competitors (million barrels per day)
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Recovery factor in selected countries
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Ab Teymour example (thousand barrels per day)
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Iran’s oil strategy in January 1973
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8 MBPD exports (9 

MBPD production).

R/P ratio is key.

IOR/EOR 

deployment.
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“The Stone Age did not end for lack of stone, and the Oil Age will end 
long before the world runs out of oil.”

Sheikh Zaki Yamani
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