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Requirements to Pass the Course

1) At least 50% of sessions are attended (6 sessions) 

2) At least 60% points for the final course test 

3) Individual Project (Presentation) is done properly and 

delivered in time
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General Scheme for Resource Limitations Analysis

Resources 

Steps of Analysis

Step 1 Step 2 Step 3 Step 4

Role/

Importance

Limitations produced for
Ways used to 

overcome 

existing 

limitations

Suggestions how 

to improve these 

ways  of coping 

with limitations
World 

economy 

National 

economy

Industries/ 

Business

Unique Resource 

or Problem 

selected by you 

Scale: world or a 

country or an 

industry

… … … … … …

Scheme for the Individual Project (1-2 students per 1 project)
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Learning Schedule

• Our classes will take place on Wednesdays at 

15:00 for 3 months (12 weeks)

• Communication with the course reader:
– During classes

– Via e-mail

– All administrative issues should be addressed via your Personal Account in 

the MSU Learning Management System  

• Before each session you will receive Pre-Reading 

and Food-for-Thought Assignment through your 

Personal Account 
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Сourse Route

Growth Limits

Ecological Factors

Climate

Energy, Energy Efficiency

Population, Land, Food 

Water

Group Project, Final Test
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PLAN of the Session 5

1. World Market of Energy Resources and Energy Balance 
- Experiential Exercise on Energy Balances

2. Energy Intensity of Different Economies and Industries



Session 5 

Energy Resources 

and Energy Demand-Supply

2024
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The Aims of the Session 5 

1. To understand the idea of energy balances, to be able to 

give a description of the country's economy according to it

2. To know peculiarities of different energy indicators and be 

able to interpret them correctly
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World Market of Energy Resources

• Primary energy sources

– Oil, natural gas, coal, nuclear, hydro and geothermal power, biomass 

• Secondary energy sources

– Electricity, such renewables as wind and solar power, different 

derivatives from oil like fuel oil, kerosene etc.
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Energy Mix VS Electricity Mix 

• Mix = Structure

• Energy Mix refers mainly to the final energy 

consumption by primary energy source

Electricity Mix

Energy Mix

+ secondary

electricity 

sources
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Energy Balance

• Example of a Primary Energy Balance Structure

• Scheme to analysis of any energy source: 
– Reserves (R), Production (P), Consumption, Reserves/Production, Import/Export

• Reserves/Production: method “to the last drop”

• Method of “Peak Oil” (Reserves/2  ≈ time of shortage begins)

Oil Gas Coal Nuclear Hydro Geothermal 

and others

Total Total 

(%)

Production

Consumption

Export (-)/ 

Import (+)

Total
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Simplified Energy Balance: World (2014)

Source: IEA, 2016 

(Key world energy statistics)
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Simplified Energy Balance: World (2014)

Total Primary Energy Supply =

Total Final Consumption =

Source: IEA, 2016 

(Key world energy statistics)
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World Fuel Shares of Total Primary Energy Supply

Source: IEA, 2020. (Key world energy statistics) https://www.iea.org/reports/key-world-energy-statistics-2020#
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World Fuel Shares of Total Primary Energy Supply (TPES)

Source: IEA, 2016 

(Key world energy statistics)

Source: OECD/IEA, 2015



17

World Fuel Shares of Total Primary Energy Supply

Source: IEA, 2016 

(Key world energy statistics)

Source: OECD/IEA, 2015
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Oil, Gas or Coal?

What fossil fuel out of the traditional fossil fuels:

1. Is the most abundant?

2. Has the most energy per carbon (carbon unit)?

3. Is the cleanest-burning? 

4. Is the most expensive? 

5. Is most likely to be in a short supply soon?



Oil
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Oil: Proved Reserves in 1999, 2009 and 2019 (%)

Source: BP Statistical Review of World Energy, 2020
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Source: IEA, 2020 

(Key world energy statistics)

Producers, net exporters and net importers of crude oil
• 2006 – the peak of oil production (IEA)

• Principle: "grab what's best and what's closer"

• Economic profitability of oil production in the USA:

• 100:1 in 1930 

• 30:1 in 1970 

• 12:1 on 2005
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Oil: Reserves-to-Production (R/P) Ratios, 2019 (years) 

Source: BP Statistical Review of World Energy. 2020
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Oil: Consumption per Capita, 2019 (GJ per capita)

Source: BP Statistical Review of World Energy, 2019
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Major Trade Movements 2019 (trade flows worldwide, mln tonnes)

Source: BP Statistical Review of World Energy, 2020.
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Shares of World Oil Consumption by Sector

Source: IEA, 2016 

(Key world energy statistics)
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Natural Gas
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Natural Gas: Proved Reserves in 1999, 2009 and 2019  (%)

Source: BP Statistical Review of World Energy. 2020.
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Producers, Importers, Exporters
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Natural Gas: Reserves-to-Production (R/P) Ratios, 2019 (%) 

Source: BP Statistical Review of World Energy, 2020
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Natural Gas: Consumption per Capita, 2019 (GJ per capita) 

Source: BP Statistical Review of World Energy, 2019
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Natural Gas: Major Trade Movements, 2019 (bln cubic m)

Source: BP Statistical Review of World Energy, 2020
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Compare international 

natural gas trade and 

international oil trade in 

terms of intensity 
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Shares of World Natural Gas Consumption by Sector

Source: IEA, 2016 

(Key world energy statistics)
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Coal 
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Coal: Proved Reserves at End 1999, 2009 and 2019 (%)

Source: BP Statistical Review of World Energy, 2020
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Producers, net exporters and net importers of coal
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Reserves-to-Production (R/P) ratios (years), 2019 

Source: BP Statistical Review of World Energy, 2019
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Coal: Consumption per Capita,2019 (TOE) 

Source: BP Statistical Review of World Energy, 2020
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Shares of World Coal Consumption by Sector

Source: IEA, 2016 

(Key world energy statistics)
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World Primary Energy Sources

Source: BP Statistical Review of World Energy, 2020
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R/P ration of … Coal, Oil, Gas

? ?

?
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Regional Consumption by Fuel (2019), %

Source: BP Statistical Review of World Energy, 2020

1 2 3

4

5

6

7

• North America

• Asia Pacific

• Africa

• CIS

• Europe

• C.& S.America

• Europe
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Fuel Shares of Electricity Generation
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World’s Largest Electricity Producers

➢ 56.2% of the world’s 

electricity (IEA, 2016)
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Electricity Production from Fossil Fuels
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Producers of Nuclear Electricity
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Producers of Hydro Electricity
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Shares of World Electricity Consumption
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COVID-19 influence on Energy Sector

Main impacts:

1) Direct impact(s) 

2) Indirect impact(s)
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COVID-19 influence on Energy Sector

Main impacts:

1) the direct impact of coronavirus on employees of energy 

companies and on the stability of enterprises 

2) the consequences of various kinds of restrictive measures 

for the fight against coronavirus, leading on the one hand to 

disruptions in the supply chain, and on the other - to a sharp 

decline economic activity and reduced demand for energy

3) a tough price triggered by a drop in demand competition 

and, as a result, a sharp drop in prices

What’s next? Decarbonization.

Source: https://energy.skolkovo.ru/downloads/documents/SEneC/Research/SKOLKOVO_EneC_COVID19_and_Energy_sector_RU.pdf

https://energy.skolkovo.ru/downloads/documents/SEneC/Research/SKOLKOVO_EneC_COVID19_and_Energy_sector_RU.pdf
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Definitions of some energy terms & indicators

Fawkes S., Oung K., Thorpe D., (2016) Best Practices and Case Studies for Industrial Energy Efficiency 

Improvement – An Introduction for Policy Makers. Copenhagen Centre on Energy Efficiency.
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Energy Intensity

• Energy intensity is the ratio of energy use to output.

Energy intensity = 

Energy use 

Output [$ of GDP, $ of Gross Output, 

$ of Industry Production; 

tonnes, cubic metres, etc.]

[MJ, Kcal, t, etc. ]

What factors influence the energy intensity of a country? 
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Energy Intensity of Industries

Nearly two-thirds of industrial energy use is accounted for by 4 industries: 

1. Chemical and petrochemical 

2. Iron and steel 

3. Non-metallic minerals  

4. Paper and pulp

Sources: 

• IEA, 2007

• Fawkes S., Oung K., Thorpe D., (2016) Best 

Practices and Case Studies for Industrial Energy 

Efficiency Improvement – An Introduction for Policy 

Makers. Copenhagen Centre on Energy Efficiency.

Breakdown of industrial energy use by sector 2004. 
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