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Greenhouse Gases & Global Warming



Global Human Population



GDP per capita

• Total value of 

all goods and 

services 

divided by 

number of 

people

• Long-term 

growing trend



Energy Intensity
� “Energy Intensity” 

generally refers to 
the economy

� = E/GDP

� “Energy Intensity 
Index” excludes 
factors unrelated to 
energy efficiency

� “Decoupling” 
energy and GDP



Energy Intensity, Selected Countries

Source: IEA. TPES is Total Primary Energy Supply; toe is 

tons of oil equivalent; PPP is purchasing power parity



Carbon Intensity Index

Source: International Energy Agency’s (IEA) Energy Technology 

Perspectives (ETP) 2014.



CO2 Emissions – Putting it All Together

Source: IEA. Graph shows percent change relative to 1990.



Radiative Forcing (RF, W/m2)

From IPCC AR5, WG1 Ch.2. Figure 2 on p.136.



Greenhouse Gas Emissions by Economic Sectors



Global Energy Consumption

Source: BP Energy Outlook 2035



Coal production

Sources: BP Energy Outlook 2035; The geographical distribution of fossil 

fuels unused when limiting global warming to 2°C, McGlade & Ekins 2015.



Stranded Assets

� To have a 66% chance of halting warming at 2°C, 
need to keep 2/3 of fossil fuels in the ground.

� Global value of unburnable reserves is roughly 
$20 trillion.

� Divestment movement increasingly successful. 
Syracuse U. recently joined the list of 
universities, non-profits and cities (Ithaca, NY) 
that have stopped investing in fossil fuel 
companies.

Unburnable fossil fuels from Sharing a quota on 

cumulative carbon emissions, Raupach et al 2014



Concurrent Challenges

• Economy • Population • Peak Oil
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Learning Assessment Time!

What are the trends (increasing, decreasing, static) 
for world population, GDP/capita, energy intensity 
and carbon intensity index?

� Increasing (linearly); increasing; static or slightly 
decreasing; static or slightly decreasing

Which fossil fuel has to be most strongly curtailed 
in the use of its reserves to have a chance of 
staying below the 2°C global warming threshold?

� Coal



Solutions – Essentials & Co-Benefits

Must reduce greenhouse gas emissions

• Using current technologies

• Rapidly scalable

• High EROEI

Best solutions combine mitigation with adaptation 

and co-benefits

• Reduce reliance on fossil fuels

• Increase resiliency

• Using sustainable processes & materials

• Environmental co-benefits – biodiversity, water 

resources, soils



Energy Conservation & Efficiency



Hydropower



Solar ElectricitySolar Electricity

Photos courtesy of DOE Photovoltaics Program

Install 20,000 square kilometers for 

dedicated use by 2060

A wedge of solar electricity would mean increasing current capacity 100 times

E / $$$



Solar Thermal and Concentrating 
Solar Power

• Parabolic trough

• Power tower

• Linear reflector

• Sterling Dish



Wind ElectricityWind Electricity

Install 1 million 2 MW windmills to 

replace coal-based electricity, 

OR

Use 2 million windmills to produce 

hydrogen fuel

Photo courtesy of DOE

A wedge worth of wind electricity will require increasing 

current capacity by a factor of 10

E, T, H / $-$$



Ocean Renewables
Wave Energy

Ocean Thermal Energy Conversion (OTEC)

Tidal Energy - Dams
Currents & Tidal Streams



Energy Storage – Pumped Hydro

Blenheim-Gilboa Pumped Storage Power Project



Energy Storage – Compressed Air

Possible reservoirs are salt caverns and porous rock formations 

such as depleted gas reservoirs. Source: PG&E



Energy Storage – Batteries

PNM Prosperity Energy Storage Project 



Energy Storage – Molten Salts & 
Phase Change Materials



Energy Storage for Grid Renewables

Source: U.S. Energy Information Administration, based on the 

National Defense University.



Biofuels

• Ethanol

• Methanol

• Biodiesel



Energy Density

Source: U.S. Energy Information Administration, based on the 

National Defense University.



Transportation Powered without Oil

� Biofuels – Low EROI; Competes with agriculture; 
Scalability is limited by land area, water

� Hydrogen – Mostly from natural gas; New 
infrastructure needed at high cost

� Batteries – Low energy density; What energy 
source?; Scalability limited by resources/metals;

� Coal-to-liquids (CTL) – High emissions; low 
EROI



Wood & Biomass

Large pile of willow chips grown on former industrial 

site near Syracuse, NY.



Afforestation



Triple the world’s nuclear electricity 

capacity by 2060

Nuclear 

Electricity

Nuclear 

Electricity

Graphic courtesy of NRC

The rate of installation required for a wedge from electricity  is equal to 

the global rate of nuclear expansion from 1975-1990.

E/ $$



Coal and CCS

� substantial investment needed in new CCS 
technology;

� Higher coal prices and shortages due to 
depletion;

� Higher electricity generating costs (IGCC, 
CCS);

� Lower electricity generating efficiencies
From Blackout: Coal, Climate and the Last Energy Crisis, Richard 

Heinberg

If carbon capture and sequestration is pursued, it is 
unlikely to be feasible before 2035. By then, we face 
these interrelated costs and risks:



Geoengineering



Geoengineering
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Learning Assessment Time!

What are some renewable technologies for 
generating electricity?

� Hydropower, Solar PV, Concentrating Solar 
Thermal, Wind, Wave energy, OTEC, Tidal

What methods of grid energy storage have the 
largest capacity?

� Pumped Hydro, Compressed Air Energy 
Storage (CAES), Molten Salts



Current/Recent U.S. Climate Policies 

Source: DOE “Our Common Future Under Climate 

Change” Roland Risser presentation, July 7-10 2015



Paris Agreement 



Policy Changes from the Current Administration

• March 28th 2017 “Executive Order on Promoting 

Energy Independence and Economic Growth

• Reevaluation of the Clean Power Plan

• Lifts moratorium on federal land coal leases

• Rescinds climate change executive orders

• Rescinds the Climate Action Plan

• Instructs departments to ignore or downplay 

climate change in decision-making



Climate Solutions Caucus



Social Cost of Carbon

• Climate change is a classic market failure

• Costs of greenhouse gas emissions are borne 

by society

• Benefits go to those burning the fossil fuels

• To correct the market failure, the costs must 

be quantified

• Estimating it includes many variables, including 

discount rate – the higher the rate, the lower 

the SCC. Common discount rate is 3%

• U.S. government currently uses $39/ton-CO2



Putting a Price on Carbon



Putting a Price on Carbon

Source: Citizens’ Climate Lobby, Pasadena-Foothills
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Learning Assessment Time!

Which carbon pricing policy specifically sets 
emissions limits?

� Carbon cap & trade

Which metric do we use to quantify the costs of 
long-term damage due to climate change?

� Social cost of carbon (SC-CO2)



Questions?
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