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Key Points

Climate change means more than a “warmer world” and melting polar 
ice caps.

Stabilizing the concentration of CO2 means fundamental change to 
the global energy system and therefore fundamental change to the
entire global economy.

Technology is essential to addressing climate change and controlling 
the cost of doing so.

Cost will affect the level at which CO2 concentrations are stabilized.

There is no “silver bullet” for addressing climate change nor is there a 
“silver bullet” for managing the negative consequences of a changing 
climate. 



Dispelling a persistent climate change myth

Global warming 
has not (!) been 
caused by the 
precipitous drop 
in pirates since 
the beginning of 
the Industrial 
Revolution



Climate Change 101

Homo sapiensHomo erectus

IPCC, 2007: Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change



“Climate Change” not “Global Warming”

Climate Changes
Temperature                Sea Level Rise

Precipitation 

• Erosion and inundation
of coastal lands

• Costs of protecting
vulnerable lands

Coastal Areas

• Geographic range
• Health, composition, and 

productivity

Forest Impacts

• Crop yields
• Irrigation demand
• Pest management

Agriculture

• Weather-related deaths
• Infectious diseases
• Air quality - respiratory 

illnesses

Health Impacts

• Loss of habitat and 
diversity

• Species range shifts
• Ecosystem services

Ecosystems

• Changes in precipitation,  
water quality, and
water supply

Water Resources



Changes in physical and biological systems and 
surface temperature 1970-2004

(IPCC 2008 TS WG2)



Observed Changes in Temperature and 
Precipitation in the US 1901-2006

United States Climate Change Science Program. The Effects of 
Climate Change on Agriculture, Land Resources, Water Resources, 
and Biodiversity in the United States. CCSP Synthesis and 
Assessment Product 4.3 (May 2008).

US Temperature Change, 1901-2006

US Precipitation Change, 1901-2006



Changes in Western U.S. Snowpack

“Center Timing” of many snowmelt watersheds 
has advanced by 1-4 weeks earlier across the 
West during last 5 decades

Stewart et. al. 2005

(Leung et al. Climatic Change 2004)



Projected Temperature and Precipitation 
Changes by 2030

United States Climate Change Science Program. The Effects of Climate Change on Agriculture, Land Resources, Water Resources, and
Biodiversity in the United States. CCSP Synthesis and Assessment Product 4.3 (May 2008).



Our national water management system, which was largely built more than 50 years ago 
and that was designed for precipitation patterns, snowpack, and streamflow conditions of a 
half century or more ago, is ill suited to deal with a  changing climate.
A “changing climate” will demand a portfolio of approaches to dealing with these pressures 
on water.  There is no silver bullet for reducing greenhouse gases and there isn't likely a 
silver bullet for dealing with these kinds of water stresses.
Areas that are already seeing water stress (either due to already evident reduced 
snowmelt peaks and/or areas with high population growth rates) could well be the first 
areas which will need to rethink how water is managed and allocated

Current and Future Streamflow in the Yakima 
River Basin (Leung, 2004)
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A changing climate…



Carbon Management Problem Statement Summarized by 
Article 2 of the United Nations Framework Convention on 
Climate Change

United Nations Framework 
Convention on Climate Change has 
nearly 200 member countries, 
including the United States, and 
establishes as its “ultimate objective”:

…the stabilization of greenhouse 
gas concentrations…

…at a level that would prevent 
dangerous…interference with the 
climate system…

…and to enable economic 
development to proceed in a 
sustainable manner.

Concentrations 
not

Emissions

Don’t
Know What is

Dangerous

Economic
Development

Matters



Climate change is a long-term strategic problem with 
implications for today

Stabilizing atmospheric 
concentrations of greenhouse 
gases and not their annual 
emissions levels should be the 
overarching strategic goal of 
climate policy.

This tells us that a fixed and finite 
amount of CO2 can be released to 
the atmosphere over the course of 
this century.  

We all share a planetary 
greenhouse gas emissions 
budget.
Every ton of emissions released 
to the atmosphere reduces the 
budget left for future generations. 
As we move forward in time and 
this planetary emissions budget is 
drawn down, the remaining 
allowable emissions will become 
more valuable.  
Emissions permit prices should 
steadily rise with time.
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Stabilization of CO2 concentrations means fundamental 
change to the global energy system
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The Role of Advanced Energy Efficient 
Technologies

Climate policy works to accelerate the 
on-going electrification of the global 
economy
This increases the overall market and 
therefore increases the greenhouse 
gas emissions reduction potential of a 
large number of energy efficient 
technologies.
Increased end-use energy efficiency 
has a "multiplier" effect on total 
energy consumption as it avoids the 
conversion and transmission losses 
associated with getting primary 
energy to the end-use.

Electricity Relative to Total 
Primary Energy
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The Role of Bioenergy

550 ppm CO2Reference

For most of the century, the largest market for bioenergy crops is electricity 
generation however a climate policy expands overall bioenergy use and substantially 
increases its deployment in the transportation sector.

Global Commercial Biomass

0

20

40

60

80

100

120

140

160

2005 2020 2035 2050 2065 2080 2095

EJ

Buildings Electricity
Hydrogen Industry
Liquids Gas

Global Commercial Biomass

0

20

40

60

80

100

120

140

160

2005 2020 2035 2050 2065 2080 2095

EJ

Buildings Electricity
Hydrogen Industry
Liquids Gas



The Role of Bioenergy

The successful deployment of bioenergy in a climate-constrained world 
depends as much on continued productivity advances for food crops as on 
advancements for energy crops.

550 ppm Stabilization:  No Improvement 
in Agricultural Productivity

550 ppm Stabilization:  0.5% per Year 
Improvement in Agricultural Productivity
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The Role of Wind and Solar Power

Wind and solar power will 
continue to grow in 
absolute and relative 
terms and the imposition 
of a climate policy acts to 
accelerate this growth.

Intermittency and the cost 
of reliable large-scale 
energy back up are lesser 
although still significant 
constraints. 

However, the principal 
constraint on wind and 
solar power deployment is 
likely deteriorating cost 
competitiveness as it 
becomes necessary to tap 
poorer grades or more 
distant wind/solar 
resources.

 
Global Electricity Production
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The Role of Nuclear Power

Outside the U.S., nuclear 
power remains a growing 
part of the world’s energy 
supply.
A climate policy tends to 
accelerates the deployment 
of nuclear power. 
The long-term deployment 
of nuclear energy will be 
driven by key factors such 
as:

the availability and cost of 
uranium,
an acceptable solution to 
long-term waste disposal, 
and
Public acceptance of new 
nuclear power plants
the performance of next 
generation nuclear reactor 
technologies.
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The Role of Carbon Dioxide Capture 
and Storage (CCS)

Courtesy of CO2CRC



CCS Deployment Across the US Economy
Large CO2 Storage Resource and Large Potential Demand for CO2 Storage

2,730 GtCO2 in deep saline formations (DSF) with perhaps close 
to another 900 GtCO2 in offshore DSFs
240 Gt CO2 in on-shore saline filled basalt formations 
35 GtCO2 in depleted gas fields
30 GtCO2 in deep unmineable coal seams with potential    for 
enhanced coalbed methane (ECBM) recovery
12 GtCO2 in depleted oil fields with potential for enhanced oil 
recovery (EOR)

• 1,053 electric power plants 
• 259 natural gas processing 

facilities
• 126 petroleum refineries 
• 44 iron & steel foundries
• 105 cement kilns 

• 38 ethylene plants
• 30 hydrogen production 
• 19 ammonia refineries
• 34 ethanol production plants
• 7 ethylene oxide plants

1,715 Large Sources (100+ ktCO2/yr) 
with Total Annual Emissions = 2.9 GtCO2

3,900+ GtCO2 Capacity within 230 Candidate 
Geologic CO2 Storage Reservoirs



The Role of CCS

It is important to realize that we 
are in the earliest stages of the 
deployment of CCS 
technologies.
The potential deployment of 
CCS technologies could be 
truly massive. The potential 
deployment of CCS in the US 
could entail: 

1,000s of power plants and 
industrial facilities 
capturing CO2, 24-7-365.
10,000s of miles of 
dedicated CO2 pipelines.
100s of millions of tons of 
CO2 being injected into the 
subsurface annually.

2020
2035

2050
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WRE450: 2035
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WRE550: 2020

WRE550: 2035

WRE550: 2050

WRE450 WRE550



The Challenge of Scale Grows with Time —
the near term
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Annual Rate of Deep Geologic CO2 Storage
0

200

400

600

800

1000

1200

1400

1850 1900 1950 2000 2050 2100

E
J/

ye
ar

   
  .

FutureHistory

Preindustrial
280 ppm

1900
300 ppm

1950
310 ppm

Today
380 ppm

2050
490 ppm

2100
550 ppm

0

50

100

150

200

250

300

Monitored CO2 Storage 2007 2020 (550 ppm)

M
tC

O
2/y

ea
r



The cost of capturing CO2 is not the single biggest obstacle standing 
in the way of CCS deployment. 

When thinking about storing 100% of a large power plant’s emissions 
for 50+ years, there are a number of things that we would like to 
know today but are likely to only learned through real world 
operational experience:

Can the same injector wells be used for 50+ years?

Are the operational characteristics that make a field a good 
candidate CO2-driven enhanced oil recovery similar to the 
demands placed upon deep geologic formation that is being 
used to isolate large quantities of CO2 from the atmosphere for 
the long term?

What measurement, monitoring and verification (MMV) 
“technology suites” should be used and does the suite vary 
across different classes of geologic reservoirs and/or with time?

How long should post injection monitoring last?

What are realistic, field deployable remediation options if 
leakage from the target storage formation is detected?

Who will regulate CO2 storage on a day-to-day basis?  What 
criteria and metrics will this regulator use?

The Role of CCS



Climate change is a long-term strategic 
problem with implications for today

Climate change is a long-term, century scale, problem that ultimately implies a 
fundamental transformation of the global energy and economic system but that also has 
implications for today.

Technology is essential to addressing climate change and controlling the cost of doing so.

There is no “silver bullet” for addressing climate change nor is there a “silver bullet” for 
managing the negative consequences of a changing climate.

A strategy to address climate change while simultaneously meeting all of society’s other 
goals and aspirations must include:

Development and subsequent global commercial deployment of advanced, cleaner 
energy technologies 

Continued scientific research on the climate system and impacts

Emissions limitations

Adaptation to climate change.

There are many strategies for managing the risks posed by climate change. It is 
collectively up to us to put the best possible strategy on the table.


