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Session 3

Energy Resources 
and 

Energy Reserves

Lubomír Lízal

Energy Sector for Economists Energy Resources and Energy Reserves

• What is this about?
– Predicting future energy needs

– Predicting available future energy resources

and:

– Matching these to fit

– Economist would call it:

• Balancing constrained supply and demand

Economic Systems 101

• Economic digression on constraints:

– Resource constrained vs. Demand constrained 
system

– Resources

• Physical and technical nature of the constraint

– Demand

• Sales cannot exceed demand

– Budget

• Expenses cannot exceed initial budget plus 
proceedings from the sales

Kornai

• Capitalism (as defined by Marx ☺ ), 

• or Market economy
• Demand constrained

• Socialist economy (or CPE)
• Resource constrained

– This does not imply 100% usage of resources

– Nor efficient usage of resources

• Socialist or market economy:
• Soft budget constraints (vs. Hard budget constraint)

– Banking aid

– Subsidies

– Bailouts

Energy and Future

• Demand constraints
– The producers can’t sell more than markets buy 

• Need to estimate future demand

• Resource constraint
– Production can be limited by natural resources 
available, capacity limits or technologies
• Need to check resource balance both total and in time

• Not all resources are storable

• Limited transformation can exists

• HBC
– Can we do it w/o subsidies?

• Economic viability checks

Politics and Energy

• Policymakers worries about energy sector:

– In modern society perceived as a basic need

– Security of resources

– Crucial economic input factor

– State responsibility?

– Role of the market? 

– Often network industries with natural monopoly 
element

– World imbalance of resources and use

– Environmental issues?
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Predicting Demand

• How to predict future energy demand?

1. Wild Guess

2. Expert Guess

3. Modeling

• Physical energy models 
• Various types of energy analyzed separately

• Typically primary energy plus electricity

• Technology advances

• How “greedy” will be the future technologies? For production? 
Heating? Illumination? Transport?

• Economic models

• Local vs. Global

• Self-sustainable systems vs. open economy

World Energy Outlook  Highlights

Source: International Energy Outlook 2009 (IEO2009), http://www.eia.doe.gov/oiaf/ieo/pdf/0484(2009).pdf

World Energy Outlook  Highlights

Source: International Energy Outlook 2009 (IEO2009), http://www.eia.doe.gov/oiaf/ieo/pdf/0484(2009).pdf

World Energy Outlook  Highlights

Source: International Energy Outlook 2009 (IEO2009), http://www.eia.doe.gov/oiaf/ieo/pdf/0484(2009).pdf

World Energy Outlook  Highlights

Source: International Energy Outlook 2009 (IEO2009), http://www.eia.doe.gov/oiaf/ieo/pdf/0484(2009).pdf

WEO – Energy Demand

Source: International Energy Outlook 2009 (IEO2009), http://www.eia.doe.gov/oiaf/ieo/pdf/0484(2009).pdf
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World Energy Outlook - Electricity

Source: International Energy Outlook 2009 (IEO2009), http://www.eia.doe.gov/oiaf/ieo/pdf/0484(2009).pdf

World Energy Outlook - Electricity

Source: International Energy Outlook 2009 (IEO2009), http://www.eia.doe.gov/oiaf/ieo/pdf/0484(2009).pdf

World Energy Outlook - Electricity

Source: International Energy Outlook 2009 (IEO2009), http://www.eia.doe.gov/oiaf/ieo/pdf/0484(2009).pdf

World Energy Outlook - Uncertainty

Source: International Energy Outlook 2009 (IEO2009), http://www.eia.doe.gov/oiaf/ieo/pdf/0484(2009).pdf

World Energy Outlook - Oil

Source: International Energy Outlook 2009 (IEO2009), http://www.eia.doe.gov/oiaf/ieo/pdf/0484(2009).pdf

World Energy Outlook - Oil

Source: International Energy Outlook 2009 (IEO2009), http://www.eia.doe.gov/oiaf/ieo/pdf/0484(2009).pdf
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World Energy Outlook - Gas

Source: International Energy Outlook 2009 (IEO2009), http://www.eia.doe.gov/oiaf/ieo/pdf/0484(2009).pdf

World Energy Outlook - Gas

Source: International Energy Outlook 2009 (IEO2009), http://www.eia.doe.gov/oiaf/ieo/pdf/0484(2009).pdf

World Energy Outlook - Coal

Source: International Energy Outlook 2009 (IEO2009), http://www.eia.doe.gov/oiaf/ieo/pdf/0484(2009).pdf

World Energy Outlook - Industry

Source: International Energy Outlook 2009 (IEO2009), http://www.eia.doe.gov/oiaf/ieo/pdf/0484(2009).pdf

World Energy Outlook - Transport

Source: International Energy Outlook 2009 (IEO2009), http://www.eia.doe.gov/oiaf/ieo/pdf/0484(2009).pdf

Modeling Components

• Demand According Type

– Liquid fuels

• Oil, Biofuels, Ethanol…

– Natural gas

– Coal

• Hard coal

• Lignite

– Electricity

• Coal, gas, and oil power plants -> link to above

• Hydro

• Nuclear

• Other (solar, wind, tide, geothermal,…)
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Hubbert Peak Theory vs. No Peak

• No peak theory
• production is determined by demand & geology

• as oil prices rise, new extraction technologies become 
viable =>expanding the total recoverable oil reserves. 

Hubbert Peak Theory 

• Marion King Hubbert
– Geoscientist, working 

for Shell lab. in Texas

– 1956 predicted 
(Hubbert) oil peak

Peak oil is the point in 
time when the 
maximum rate of  
extraction is reached.

See also:

The “Hirsch Report”

Peaking of World Oil 
Production: 
Impacts, Mitigation, 
and Risk 
Management (2005)

Source: Hirsch et al., (2005), http://www.netl.doe.gov/publications/others/pdf/Oil_Peaking_NETL.pdf

Hubbert Curve 

• Hubbert curve is not 
normal but logistic  
function

• Question origin:

– William Jevons, 1865

– “The Coal Question”

• Note:
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Hubbert Curve and Typical Oil Field

• Hirsch report

Source: Hirsch et al., (2005), http://www.netl.doe.gov/publications/others/pdf/Oil_Peaking_NETL.pdf

Hubbert Curve and Typical Oil Field

• Hirsch report

Source: Hirsch et al., (2005), http://www.netl.doe.gov/publications/others/pdf/Oil_Peaking_NETL.pdf

Hubbert Curve – World Oil
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Hubbert Curve and Typical Oil Field

• Hirsch Report – Oil Consumption Mix

Source: Hirsch et al., (2005), http://www.netl.doe.gov/publications/others/pdf/Oil_Peaking_NETL.pdf

Hirsch Report – Can Technology Help?

• Better Field Utilization

Source: Hirsch et al., (2005), http://www.netl.doe.gov/publications/others/pdf/Oil_Peaking_NETL.pdf

Hirsch Report – Can Technology Help?

• Better Cars

Source: Hirsch et al., (2005), http://www.netl.doe.gov/publications/others/pdf/Oil_Peaking_NETL.pdf

Hirsch Report – Can Technology Help?

• Better Everything

1. Enhanced Oil Recovery is applicable worldwide.

2. Heavy oil / Oil sands is currently commercial in 
Canada and Venezuela.

3. Coal liquefaction is a well-developed, near-
commercial technology.

4. Gas-To-Liquids is commercially applicable where 
natural gas is remote from markets.

5. Fuel-efficient cars

Hirsch Report – Can Technology Help?

• Better Everything

Source: Hirsch et al., (2005), http://www.netl.doe.gov/publications/others/pdf/Oil_Peaking_NETL.pdf

Hirsch Report – Can Technology Help?

• Timing Matters

Source: Hirsch et al., (2005), http://www.netl.doe.gov/publications/others/pdf/Oil_Peaking_NETL.pdf
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Hirsch Report – Can Technology Help?

• Timing Matters

Source: Hirsch et al., (2005), http://www.netl.doe.gov/publications/others/pdf/Oil_Peaking_NETL.pdf

Hirsch Report – Can Technology Help?
• Timing Problem

1. Waiting until world oil production peaks before taking 
crash program action leaves the world with a 
significant liquid fuel deficit for more than two 
decades.

2. Initiating a mitigation crash program 10 years before 
world oil peaking helps considerably but still leaves a 
liquid fuels shortfall roughly a decade after the time 
that oil would have peaked.

3. Initiating a mitigation crash program 20 years before 
peaking appears to offer the possibility of avoiding a 
world liquid fuels shortfall for the forecast period.

4. Mitigation actions initiated prematurely will be costly 
and could result in a poor use of resources.

5. Late initiation of mitigation may result in severe 
consequences.

Hirsch Report – The World

Source: Hirsch et al., (2005), http://www.netl.doe.gov/publications/others/pdf/Oil_Peaking_NETL.pdf

Hirsch Report – Two Scenarios

Source: Hirsch et al., (2005), http://www.netl.doe.gov/publications/others/pdf/Oil_Peaking_NETL.pdf

Modeling Components

• Demand According Use

– Industries
• Energy intensive

• other

– Transport

• Freight vs. Passenger

• Mode:

– Ground

– Rail

– Air

– Sea

– Space…

– Heating

• Industries

• Households

Example: Household Energy 
Consumption
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Example: Household Energy 
Consumption

y = 30 + 0.64x 
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Apartment Size and Household Energy Consumption

Czech Electricity - Installed

Coal –
Other 

Nuclear - CEZ

Coal - CEZ

Graph: Installed Facilities, Source: NEK Report, 2008

Czech Coal (Lignite) Reserves

Graph: Estimated Lifetime of Brown Coal Mines, Source: NEK Report, 2008

Czech Hard Coal Reserves

Graph: Estimated Lifetime of Hard Coal Mines, Source: NEK Report, 2008
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Czech Republic – Practical Example of 
Prediction Excercise

• Currently, the Czech Republic imports almost half 
of its primary energy resources (NEK, 2008, 
pp.153, 167) and this share is expected to 
continue its upward trend: 

80.375.463.160.152.447.239.6Import energy 
dependency, % 
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Real Convergence of Czech Republic
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Predicting Future in the CZ - Electricity

Obr.1: HDP na hlavu a spot řeba elekt řiny
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Real EU-27 GDP per capita and Energy consumption per capita

No Longer Outliers

Influential Observation?
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0.4850%24%EU 27

Income consumption 
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GDP per capita growth
Electricity per capita 
consumption growth

Countries

Predicting Future in the CZ - Electricity
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Source: NEK Report, 2008


