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What we know so far:

 Planet surface temperature:  increased 0.9 deg C since late 1800’s
 Ocean temperature:  increased by 0.22 deg C since 1969
 Sea level:  rose by 8 inches in the last century
 Ocean acidification:  increased by 30% since beginning of the Industrial Revolution

 Let’s look at surface temperature from 
1880 to 2018
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Greenhouse Gases
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NASA
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What are greenhouse gases and where do they come from?

 EPA 2014 data
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Background on En-ROADS Dynamics
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Note:  End Time 2:45 pm



En-ROADS
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Subsidies (or Taxes) on Energy Supply

 Coal
 Oil
 Gas
 Bioenergy
 Renewables
 Nuclear
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Subsidies in En-ROADS:



BRAND NEW TECHNOLOGY

 New!
 Cheap!
 Clean!
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How to get NEW TECHNOLOGY

 Invest in research and development
 Public/private partnerships

 In En-ROADS:
Breakthrough occurs in 2022
Price could be approximately equal to coal or half the price of coal.
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Carbon Pricing

 Coal, Gas, Oil

 Cost will likely be passed on to customers, so policy must be designed to minimize the 
impacts on the poorest.

 Intent: market effect on energy consumption
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Transportation

Efficient
 Vehicles, shipping, air travel, transportation 

systems.

 Think: hybrids, public transport, 
cycling/walking.

 Think more: higher density neighborhoods, 
reducing flying, telecommuting, buying local, 
higher parking prices.

Electric
 New cars, trucks, buses, trains, ships

 Think: EV charging stations, battery 
investments.

 Think more: EV sales targets.
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Buildings and Industry

Efficient
 Well-insulated homes, reduce the amount of 

energy factories use

 Think: people buy energy efficient tech 
(lighting, motors, appliances, servers, 
HVAC), conserve energy

 Think more: tax breaks for incentivizing 
energy efficient products

Electric
 Use more or less electricity in 

buildings/appliances/machines
 Alternative to more electrification is using 

fuels like oil and gas

 Think:  replace gas furnaces with electric 
heating systems

 Think more: research electric motors – could 
wind/solar replace oil and gas-fired 
industrial facilities?
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Economic Growth
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17% of the 
global 

population 
lacks access to 

electricity

Energy access is about providing modern energy services to everyone around the world.  These 
services are defined as household access to electricity and clean cooking facilities (e.g. fuels and 
stoves that do not cause air pollution in houses).        - International Energy Agency

1.2 billion people 
don’t have 
access to 
electricity



Equity

 At what GDP per capita would you be comfortable living?

 In En-ROADS:  Population*GDP per capita = Total Global GDP (Gross World Product) 17



Land and Industry Emissions

 Deforestation
 REDUCE: Public support and campaigns to support land preservation.
 INCREASE: Government subsidies for expanding farms into unused forest

 Methane & Other
 REDUCTION: Decreased meat consumption.
 REDUCTION: Modified agricultural practices such as increasing digestion of manure and decreasing 

fertilizer use.
 REDUCTION: Decreased leakage from oil and gas industries (natural gas is largely methane)
 INCREASE: Larger landfills due to many disposable products
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Carbon Removal

 Afforestation (planting trees)
 Government policies, incentives, and funding to identify available land, plant trees, and manage 

forests
 Business, land owner, and public support for large scale tree planting

 Technological (Carbon Dioxide Removal - CDR)
 Advancements in various CDR technologies through research and development and government 

policies.
 Support from businesses, land owners, and general public to implement such technologies.

19



Role Play
Climate Summit Simulation
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Group Designation

 Introduce yourselves:
 Where you work
 Why you are in energy industry
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United Nations Climate Summit
Welcome
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Round 1
2 minute speech by group lead; 1 action your group will take
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Round 2
3 actions your group will take
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Discussion
Reflect | How do we feel?
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Concluding Remarks
Plan a “UN Summit” for an outreach event!
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