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Historical Energy Production & GDP 

Increased energy availability defined the industrial age and was a primary catalyst of the Industrial Revolution. Energy production has played 

a pivotal role in driving global GDP growth upward over the last 200 years. 

EJ: Exajoules 

Source: Murphy and Hall, 2011 
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Source: Environment and Climate Change Canada – National Energy Board (2016)  

• The carbon intensity of fossils fuels varies: Coal produces approximately twice as much carbon 

dioxide as natural gas. Oil and oil products produce approximately 75% of the CO2 level resulting 

from coal combustion. 

• Bio-energies produce very low CO2 levels, however, face other issues to be discussed later. 

Bio-Energy 

CO2 Emissions per Energy Source 
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IEA Energy Outlook Scenarios 

The 3 IEA scenarios involve different energy demand and CO2 emissions into the future 

 

The graphic below illustrates how demand and emissions conform to each scenario measured in 

Megatons of Oil equivalent (Mtoe; left) for energy demand and Gigatons for CO2 emissions (right). 

• The 450 scenario requires a reduction in the growth of energy demand (solid green) and a steeper 

downward sloping CO2 emission curve (dashed green) 

Source: IEA – World Energy Outlook 2015 
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Mtce = Megaton of Coal Equivalent 

Source: IEA – World Energy Outlook 2015 

The increase in coal usage since 2000 arose mainly in China, Southeast Asia and India. At the 

same time, reductions occured in the United States and Europe. Forecasted population growth 

in developing nations will likely disrupt efforts to cut coal demand. 

 

Coal demand by region in the IEA New Policies Scenario 

World Coal Demand 
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World Energy Outlook 

However, under the 450 Scenario, a reduction in coal usage would need to be offset by a massive increase in renewable energies 
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+1309 Mtoe (+813%) 

-1434 Mtoe (-36%) 

• This scenario requires a reduction in coal 

consumption worldwide, which, at this point 

is unlikely 
 

• Coal made up 29% of energy demand in 

2013 and would have to shift to 16% by 2040 

450 Scenario  

2040 Energy Demand Mix 

Source: IEA – World Energy Outlook 2015 

*Includes the traditional use of solid biomass and modern use of bioenergy 



Forecasted Population Growth and  

Implied Energy Demand 

Given the anticipated levels of global population growth in the future, our demand for energy will likely continue to increase: 

Source: United Nations, Department of Economic and Social Affairs, Population Division (2015). World Population Prospects: The 2015 Revision, Key Findings and Advance Tables 
Prepared for Internal Use of Financial Intermediaries, Institutional Investors and Consultants. Confidential. Not for duplication or re-distribution. 

7 

• While population increased 7 times 

over the last 200 years, during the 

same period energy consumption 

increased approximately 25 times 

 

• In order to meet the Paris 

Agreement targets, emission 

decrease per capita must exceed 

the effect of increased emissions 

due to population growth. 

 

• World population is expected to 

reach: 

• 9.0 Billion by 2040 

• 9.5 Billion by 2050 

• 11.0 Billion by 2100 
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Forecasted Population Growth and  

Implied Energy Demand 

And given the anticipated population boom in these regions and the inexpensive nature of coal, it is unlikely that coal use will 

decrease in the Asian and African continents: 

Source: A. Raftery, University of Washington, September 18, 2014 
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• Population in Europe, as well 

as the Americas, have either 

peaked or are experiencing 

modest growth 

 

• It is unlikely that developing 

countries experiencing a 

population boom will curb 

their CO2 emissions at the 

expense of expansion 

 

• In order to reduce emissions 

globally, focus must shift to 

African and Asian continents 

 

  

 
    Africa 

    Asia 

    Europe 

    Latin America  & Caribbean 

    North America 

Solid Lines:             UN 2012 

Dark-shaded areas:   80% prediction interval 

Light-shaded areas:  95% prediction interval 



450 Scenario Global Emission Budget 

Similar to the IEA study, McKinsey & Co assessed (in 2008) that in order to limit CO2 emissions to 20 gigatons/year (~IEA 450 

Scenario) our ñtargetò lifestyle would have to change drastically: 

Source: McKinsey & Company – The carbon productivity challenge: Curbing climate change and sustaining economic growth – June 2008. 
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Global Emission Budget 

• Americans would have to reduce per 

capita emissions 90% from year 

2005 levels to meet the target  

• The target provides the choices at 

the right; theoretically, individuals 

can only choose one item among 

eating, cooling or even traveling to 

work 

• Under this scenario, developed 

nations are asked to bring down 

CO2 emissions in order for 

developing countries to experience 

population growth and an increase 

in their energy use 

*Based on 20 Gt/year sustainable emissions and future population of 9 billion 

people. The budget is calculated using 2008 Carbon productivity rates 

• To improve this scenario, McKinsey states that global Carbon Productivity (GDP/ CO2 Emissions) must 

increase 10 fold to meet the target of 6 kg of CO2 emissions per day 

• Energy efficiency is needed in order to conform to emission constraints 



Energy Return on Energy Invested 
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*D. Weißbach, et. al. Energy intensities, EROIs, and energy payback times of electricity generating power plants (2013) 

Lambert, J. G., Hall, C. A., Balogh, S., Gupta, A., & M. (n.d.). Energy, EROI and quality of life. Energy Policy, 64, 153-167. 
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(Weißbach estimates 7 ERoI*) 

Historically return on traditional energy sources was quite high. As these sources have been 

depleted, the energy required to extract new energy increases resulting in a falling ERoI over 

time.  

Bitumen  from Tar Sands 

Corn-based Ethanol 
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Energy Return on Energy Invested 

According to Weißbach (2013), an ERoI of 7 is required to 

maintain a complex society (e.g. hospitals, universities, 

law and order, etc.) 
 

Lower ERoI would force society to focus on basic 

necessities (e.g. growing food and taking care of family). 
 

An ERoI of 1.0 implies that an energy source produces the 

same amount of energy that was used throughout the 

supply chain to obtain the energy. 
 

 

High ERoI energy sources 

• Nuclear 

• Hydroelectricity 

• Coal 

Medium ERoI typically reflected in hydrocarbon sources 

• Oil and Gas 

Low ERoI energy sources 

• Wind 

• Solar 

• Biomass 

Corn ethanol among the lowest ERoI (estimated between 

1.1-1.3) 
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Societyôs Hierarchy of ñEnergetic Needsò 

*D. Weißbach, et. al. Energy intensities, EROIs, and energy payback times of electricity generating power plants (2013) 

Lambert, J. G., Hall, C. A., Balogh, S., Gupta, A., & M. (n.d.). Energy, EROI and quality of life. Energy Policy, 64, 153-167. 



Intermittent Energy 

• Renewable energy sources, specifically wind and solar, exhibit intermittency due to the fact 
that energy sources (wind, sun) are not continuously available 

• Intermittency reduces the ERoI of wind and solar below the threshold required to maintain 
a complex society 

Source: D. Weißbach, et. al. Energy intensities, EROIs, and energy payback times of electricity generating power plants (2013) 
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Integrating Intermittent Energy 

Germany is often cited as the model in terms of integrating renewable energy sources.  In the 

wake of the Fukushima disaster, Germany began phasing out its nuclear infrastructure in favor of 

renewables, which represent over 25% of all German power generation (heavily subsidized at ú24 

billion every year*). 

 

Note: Hard Coal and Lignite (Brown coal) make up ~45% of the German energy mix illustrating heavy 

dependence on fossil fuels and the domestic jobs tied to these industries. 

 

*Source: Agora Energiewende 
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Integrating Intermittent Energy 
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Source: Agora Energiewende 

The following Chart of Germanyôs Q1 2014 electricity highlights the intermittencies produced by 

the countryôs large use of renewable energy. 
 

Key Takeaways: 

• Renewables (Intermittent energies) alone cannot supply societies’  energy needs 

• Conventional energy sources are needed to provide a more consistent power supply to pick up slack 

of intermittency 



Integrating Intermittent Energy 

In order for Germany to bring renewable projects online, they must be heavily subsidized (again, 
ú24 billion a year) resulting in electricity costs that are significantly higher for the people of 
Germany when compared to other developed countries. 

The average cost of electricity in the U.S. was approximately €0.0968* per kilowatt hour in 2015 compared 
to €0.294 in Germany: German consumers paid approximately 3 times as much as the average 
American for their power. 
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Electricity Costs Renewable Related Fees & Taxes 

*Source: Bloomberg U.S.A avg. € Cents per Kilowatt hour converted from 10.52 cents USD at 12/31/2015 USD/EUR = 1.0866 

Source: Agora Energiewende 

Source: Statista Ltd. (U.S. Retail electricity Prices from 1990 to 2015) 
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Integrating Intermittent Energy 

Yet, despite these heavy subsidies funding the shift to renewables, CO2 emissions in Germany 

have decreased less than those in the United States: 

• U.S. CO2 reduction was primarily driven by a large shift from coal to natural gas 

Source: IEA, UBA (Germany’s Federal Environmental Agency), Exxon Mobil 
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United States           Germany 



Bilan énergétique du Québec 

Source: hydrocarbures.gouv.qc.ca    
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About CoreCommodity Management, LLC 

CoreCommodity Management, LLC (“CoreCommodity” or “CoreCommodity Management”) is an independent commodity asset management 

firm based in Stamford, Connecticut, which provides advisory and fiduciary commodity management services to investors globally. 

CoreCommodity was founded in 2003 by an experienced group of commodity professionals, many of whom have held senior executive 

positions in several of the world’s largest and most prominent commodity trading firms. 

 

Since 2003, CoreCommodity Management has provided enhanced commodity exposure to institutional investors globally, including 

sovereign wealth funds, public and corporate pensions, endowments and foundations as well as other prominent investors.   

 

CoreCommodity Management is an investment adviser registered with the SEC, a commodity trading advisor (CTA) and commodity pool 

operator (CPO) registered with the CFTC and a member of the NFA.  

 

CoreCommodity Management’s assets under management exceed $5.5 Billion as of June 30, 2016, in assets across commodity futures and 

natural resource equities for investors globally. 
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Disclosures 

PAST PERFORMANCE IS NOT NECESSARILY INDICATIVE OF FUTURE RESULTS. COMMODITY TRADING INVOLVES SUBSTANTIAL RISK OF LOSS. 

 

This document does not constitute an offer of any commodities, securities or investment advisory services.  All expressions of opinion are subject to change without 

notice in reaction to shifting market conditions. Data contained herein from third-party providers is obtained from what are considered reliable sources. However, its 

accuracy, completeness or reliability cannot be guaranteed. The economic statistics presented herein are subject to revision by the agencies that issue them. This 

documented is presented as of the date set forth herein, and we are under no obligation to advise you of changes or updates to the data contained or the opinions 

expressed herein. 
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