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Overview of Current Energy Systems



Global GHG Emissions Trends 1900-2010



Global GHG Emissions by Country 2014
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U.S. Energy Flow Map



Washington State Energy Flow Map
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History of Low-Carbon Approaches



Early Recognition of Global Warming

Heat Is 
Trapped

1827

John Tyndall 
observes that 
carbon dioxide 
and water vapor 
are greenhouse 
gases.  CO2 in 
atmosphere 
=290 ppm; 1st

industrial 
revolution

Joseph 
Fourier 
observes the 
trapping of 
heat by the 
atmosphere

A Joint UNEP/ 
WMO/ICSU 
Conference 
concludes that 
greenhouse gases 
“are expected” to 
cause significant 
warming in the next 
century

Svante Arrhenius 
publishes the first 
calculations of how 
much global 
warming might be 
caused by burning 
coal and releasing 
carbon into the 
atmosphere

Charles David 
Keeling shows 
that the level of 
carbon dioxide in 
the atmosphere is 
in fact rising. 
CO2= 315 ppm

Consensus 
Forming

1985

CO2 
Rising

1960

Global 
Warming

1896

CO2 a 
GHG

1864

1st 
Intergovernmental 
Panel on Climate 
Change PCC report 
world is 
warming; future 
warming likely. 

1st IPCC 
report

1990



Carbon Emissions Mitigation Efforts 
U.N. Earth 

Summit Rio
Romm/Lovins

1992

First 
international 
effort create a 
treaty to 
stabilize GHG

Amory Lovins
and Joe Romm
article in 
Foreign Policy, 
“Fueling a 
Competitive 
Economy”

Kyoto Protocol 
80% of 1990 

levels by 2050 

1997

Seattle Mayor 
Greg Nickels 
launches effort 
in wake of U.S. 
failure to adopt 
Kyoto Protocol 
cities and states 
start setting 
reduction 
targets

Stabilization 
Wedges

2004

Princeton 
researcher 
Stephen 
Pacala and 
Robert H. 
Socolow 
release first 
iteration of 
their climate 
mitigation 
wedges

McKinsey 
Abatement 

Curve

2007

McKinsey & 
Co. 
release first 
GHG marginal 
abatement 
curve in 
February 2007 ; 
updated in 
2009, 2010   

CA & US Low-
Carbon/ DDP 

models

2014-15

Models and 
studies released 
National deep 
decarbonization 
studies; low-
carbon pathways 
and low carbon 
grid studies for 
California; 
Jacobsen’s 100% 
Wind, Water, Sun 
promise

U.N. COP 21 
Paris/

U.S. Mid-
Century 
Strategy

2015-16

Paris Accord
Commitment to 
hold to2o C; 
aspiration to hold 
to 1.5o C.

Obama 
Administration 
releases
Mid-Century 
Strategy for Deep 
Decarbonization 
November 2016

Election of 

Donald Trump
Drawdown 
Framework 

2016-17

Trump 
Administration
Radical about-face 
with appointments 
of pro-fossil fuel 
administrators  
Perry (DOE); Pruitt 
(EPA); and Zinke 
(Interior)

Drawdown effort 
by Paul Hawken 
and Amanda Joy 
Ravenhill, et al., 
released

RGGI & 
California AB 

32 passed

2005-06

Regional 
Greenhouse 
Gas Initiative & 
AB 32 in 
California
9 states in New 
England first C 
& T for power 
sector; 
CA passes first-
in-the-nation, 
watershed 
legislation 
requiring 30% 
by 2020 GHG  
reduction. 



1.6

Billions of Tons  
Carbon Emitted per 
Year

Historical
emissions Flat path

0

8

16

1950 2000 2050 2100

Stabilization Wedges

16 GtC/y

Eight “wedges”

Goal: In 50 years, same
global emissions as today



Washington Historical GHG Emissions, BAU 
Projection, & Emissions Targets
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K4C Achieving 50 X 30 Reductions



Climate Mitigation Cost Abatement Curve



Roadmap to Paris-Global Carbon Law



Fossil Fuel Phase-Out



Global Carbon Law-Decadal Pathways
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Drawdown Framework



What is Drawdown?
▪The point in time when the concentration 

of greenhouse gases in the atmosphere 
begins to decline on a year-to-year basis

▪Meticulous research that maps, 
measures, models, and describes the 
most substantive solutions to global 
warming

▪Modeled atmospheric and financial 
impacts of deploying and scaling existing 
solutions globally over the next 30 years



Drawdown Framework
▪Book released in 2016-most 

comprehensive plan ever produced to 
reverse global warming in 30 years
▪Inclusive presenting extensive array of 

impactful measures
▪100 “no regrets” solutions that make 

sense regardless of climate
▪Each modeled to determine carbon 

impact through 2050, total and net 
cost to society



Drawdown Top Ten Solutions
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Overview of Low-Carbon Pathways



Decarbonization Guidelines
▪Major reduction in greenhouse gas emissions
▪Comprehensive changes in energy sourcing
▪Rethinking forest and agricultural systems 

management
▪Major focus on how we live and move in 

urban areas
▪Must address consumption and waste



Deep Decarbonization Pathways
▪Conservation & Efficiency
▪Decarbonization
▪Fuel-Shifting
▪Waste Reduction
▪Emission Sequestration
▪Methane Emission Reduction
▪Carbon Capture and Sequestration



Six Sectors to Decarbonize
▪Energy supply 
▪Transportation (air, marine, fleet, freight)
▪Residential and commercial 
▪Industrial (manufacturing, construction, 

agriculture energy transformation, mining)
▪Agriculture and waste
▪Land use and forestry



Electricity Sector
▪Ramp up energy efficiency to decrease 

energy required; stretch existing 
resources; obviate the need for new fossil 
fuel supplies
▪New utility business models to 

transform utilities and power markets 
to incentivize decarbonization
▪Decarbonize the electricity sector; 

replace coal and natural gas with renewables 

▪Modernize the grid to integrate 
renewables and storage



Transportation Sector
▪Vastly improve fuel and engine 

efficiencies 
▪Electrify as many transportation uses as 

possible with an increasingly clean grid
▪Reduce vehicle miles traveled 
▪Fuel-switch to replace petroleum-based 

fuels with as many low- or no-carbon 
alternatives as possible



Residential and Commercial Sectors
▪Deep energy efficiency, and energy 

conservation
▪Fuel-switching from oil or natural gas for 

space and water heating to clean electricity; 
onsite renewables
▪Energy storage in buildings in electric 

vehicles batteries parked onsite
▪Buildings to produce energy



Industrial Sector
▪Deep energy efficiency, and energy 

conservation
▪Fuel-switching from oil or natural gas for 

industrial processes to clean electricity; 
onsite renewables
▪Onsite energy management such as 

combined heat and power plants to capture 
and reuse waste heat



Agriculture and Waste Sectors
▪Reducing harmful methane emissions 

from land, agriculture, and animals

▪Decreasing nitrogen in fertilizers 

▪ Increasing nutrients in carbon-
capturing soil

▪Developing processed that convert 
manure to energy to power farm 
operations

▪Electrifying farm equipment and using 
onsite renewable energy generation



Land Use and Forestry Sectors 
▪Maintain/increase forests as 
critical carbon sinks 
▪Curtail logging 
▪End deforestation, esp. for development; 

reforestation and afforestation essential
▪Increase carbon sequestration potential of 

lands and natural areas in urban areas for 
carbon-capturing and heat-cooling



Low-Carbon Pathways
▪Efficiency & Conservation

▪Fuel-Switching

▪Decarbonizing Electricity

▪Decarbonizing Liquid & Gas Fuels
➢All applied to all sectors



Four ‘Pillars’ of GHG Mitigation
1. Efficiency and 
Conservation

Energy use per capita 
(MMBtu/person)

2. Fuel switching

Share of electricity & H2 in 
total final energy (%)

4. Decarbonize 
fuels (liquid & gas)

Emissions intensity 
(tCO2/EJ)

3. Decarbonize 
electricity

Emissions intensity 
(tCO2e/MWh)

CCS

* Example from California PATHWAYS results



U. S. Mid-Century Strategy
▪Paris agreement in December 2015:
Parties agree to achieve net-zero global 
emissions in 2nd half of century
▪Countries submit near-term targets called 

“nationally determined contributions” NDCs
▪Develop a “mid-century, long-term low 

greenhouse gas emission development 
strategies”



U. S. Mid-Century Strategy
▪Low carbon energy system: cutting energy 

waste; decarbonize electricity; deploy clean 
electricity, and low-carbon fuels in 
transportation, buildings, and industrial 
sectors
▪Sequestering carbon: forests, soils (“land 

sinks”) + CO2 removal carbon beneficial 
bioenergy with carbon capture and storage 
(BECCS)
▪Reducing non-CO2 emissions: methane, 

nitrous oxide, fluorinated gases 



Summary

▪Exceptionally complex and dynamic

▪Considerable activity globally, 
regionally, and locally in the absence of 
nationally in the U.S.

▪We will dig deeply into an economy-
wide pathways roadmap approach for 
the Northwest
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