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Requirements to Pass the Course

1) At least 50% of sessions are attended (6/12) 

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



Session 6 

Energy Resources, Energy Security 

2024
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The Aims of the Session 6 

1. To know peculiarities of different energy indicators and be 

able to interpret them correctly

2. To assess the effect of alternative energy sources

comprehensively 
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PLAN of the Session 6

1. Energy Intensity of Different Economies and Industries

2. Alternative Energy Sources vs. Nonrenewables

3. Energy Politics, Energy Security Problem

– International Energy Conflicts 

– Role of Multinationals Companies and Governments

– Types of Energy Crises
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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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,,,,

http://www.wri.org/sites/default/files/uploads/Water_Energy_Nexus_Figure_2.jpg
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• Energy Intensity of Countries

• What factors influence the energy intensity 

indicator of countries? 
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Factors influencing an economy's overall energy 

intensity

1. requirements for general standards of living

2. weather conditions in an economy 

3. energy efficiency of appliances and buildings 

4. fuel economy of vehicles 

5. vehicular distances travelled (frequency of travel or larger geographical 

distances) 

6. better methods and patterns of transportation

7. capacities and utility of mass transit

8. energy rationing or conservation efforts 

9. economic shocks such as disruptions of energy due to natural disasters, wars, 

massive power outages

10.unexpected new energy sources 

11.efficient uses of energy  

12.energy subsidies                                                The list is not complete still!
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Energy Intensity of Different Economies (colour by region)

Source: World Bank Data Visualizer, http://devdata.worldbank.org/DataVisualizer/ 
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Energy Intensity of Different Economies in Dynamics (1960- 2007)

G
D

P
 p

e
r 

c
a

p
it

a
 (

c
o

n
s

ta
n

t 
2

0
0

0
 U

S
$

 (
k

g
 o

f 
o

il
 e

q
u

iv
a

le
n

t 
p

e
r 

c
a

p
it

a
)

Energy use (kg of oil equivalent per capita)

India

Russia

S.Africa

Japan

Italy

Brazil

USA

China

Source: World Bank Data Visualizer, http://devdata.worldbank.org/DataVisualizer/ 

Germany

Bubble size: 

Energy Use 

(kt of oil 

equivalent)

http://devdata.worldbank.org/DataVisualizer/


20

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.



Renewable Energy
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World Market of Energy Resources

• Primary energy sources

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

Fossil Fuels

Non-Renewable Energy Sources



23

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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Alternative Energy ≈ Renewables

• 6 main renewable energy technologies: 

1) wind power 

2) solar energy 

3) biomass energy 

4) biofuels 

5) geothermal energy 

6) hydroelectric power 

• Nuclear energy

All of them faced unique economic challenges that made it difficult for them 

to compete with energy generated by traditional fossil fuels. 

Nowadays the situation is changing.
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Global Trends in Energy Use
•   Renewables are the fastest growing energy source (but from a 

relatively small base)
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Structural changes in global macro conditions 

in Favor of Renewables

What factors do contribute to the Growth of Renewables?

1. …

2. …

3. …

4. …

5. …
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Cost Competitiveness of Electricity Sources

32-77

50-70

52-78

68-101

+/-30
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Risks of Solar and Wind Energy

SOLAR stations WIND stations

Environmental 

Risks

Deforestation, 

utilization 

problems, 

cleaning 

chemicals, soil 

deterioration, local 

warming effect 

Construction materials (steel, 

copper, aluminum, concrete), 

infrastructure around, special 

roads, deforestation (1 wind 

generator → 0.35 sq.km), 

industrial pollution, fire cause,

utilization problem, local warming 

effect
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Risks of Solar and Wind Energy

SOLAR stations WIND stations

Risks for 

Health

Utilization → soil & water 

contamination, especially in 

Africa, due to the impossibility 

of rare earths safe storage or 

utilization

Reduction of bird's population, negative 

effect on health of animals and people

on local farms nearby, animal’s 

miscarriages on local farms

Risks of New 

Technologies

Public unpopularity of this topic 

(it is customary to respond only 

positively)

Underestimating noise pollution (only the 

audible range is considered, without 

infrasound and vibrations)

Public unpopularity of this topic (it is 

customary to respond only positively)

Energy 

Security 

Risks

Dependence on sun 

Deterioration of the stability of 

the power grid and dependence 

on electricity imports

Dependence on wind

Deterioration of the stability of the power 

grid and dependence on electricity 

imports
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Risks of Solar and Wind Energy

SOLAR stations WIND stations

Risks for 

Health

Utilization → soil & water 

contamination, especially in 

Africa, due to the impossibility 
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on local farms nearby, animal’s 
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Risks of New 
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Public unpopularity of this topic 

(it is customary to respond only 

positively)

Underestimating noise pollution (only the 

audible range is considered, without 

infrasound and vibrations)

Public unpopularity of this topic (it is 

customary to respond only positively)

Energy 

Security 

Risks

Dependence on sun 

Deterioration of the stability of 

the power grid and dependence 

on electricity imports

Dependence on wind

Deterioration of the stability of the power 

grid and dependence on electricity 

imports
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Risks of Solar and Wind Energy
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World Biofuels Production

USA +

Brazil, Argentina  +

Germany, France, 

Netherlands +

Source: BP Statistical Review of World Energy, 2020

Indonesia
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World Biofuels Consumption
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Ethanol Production Obstacles 

More land 
for sugar 
cane or 
maize

Rising soil 
erosion and 
contaminati

on with 
fertilizers

Less land 
for food 

production 

Food 
prices 

grow up

Energy volume necessary to 

grow up future ethanol crops is 

very close to the energy 

volume that this ethanol fuel 

will provide being used in 

vehicles
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