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It’s about Energy and our Future

Or live —i.e. NIMBY

Or who you work for

Or what party you affiliate yourself
Or whether your retired or not

Or your age

Or other factors

http://img.deseretnews.com/images/top/main
[26657/26657.jpg




There are Energy Impacts:

Coal: Natural Gas:

2x CO2 -
Particulates
Mercury/other

Water
contamination at
waste sites

Fugitive methane
at mining sites —
never discussed?

Earthquakes
from injection
wells

Water use

Water table
contamination?

Fugitive
methane

Proximity of
drilling
operations

Wind/solar:

 Areal
footprint

Bird kills

Reliability
ISSUes




What is Colorado doing about it?

e Colorado is one of 4 states (WY, CA, OH)
regulating/reducing emissions

Colorado mandates operators address all
wells within 1500’ of well-path

Colorado mandates operators address 4
water wells within ¥2 mile of newly drilled

well




At issue Is climate change
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http://www.texog.com/blog/2012/07/23/shale-
boom-helps-us-achieve-largest-co2-
reductions-in-the-world/

Coal
Natural Gas
m— Patroleum

== Non-Biomass Waste

http://www.c2es.org/facts-figures/us-
S o emissions/electric-power




Lest we forget: CO2 is still going up

Atmospheric Carbon Dioxide
Measured at Mauna Loa, Hawalii

Annual Cycle
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...and so are temperatures

Global Temperature Change From 20,000 B.C. to 2012 A.D.

IPCC Prediction /
for the year 2100
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Ice and Sediment Cores From Shakun e al. (2012, Nature)

“Sediment Cores From Marcott ef al. (2013, Science)
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Observations From 1880 - 2012
Prediction up to the Year 2100 by the IPCC A1B Scenario
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http://tamino.wordpress.com/2013/03/22/glob
al-temperature-change-the-big-picture/




What about Methane?
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http://www.esrl.noaa.gov/gmd/aggi/aggi.html

http://clathrates.blogspot.com/2012/04/threat-of-methane-
release-from.html




ow Much Methane do We Need to Reduce?

A 4

11.7%
A “Top-Down"
Approach in Uintah

T et

6.3% _
2.6%

“Top-Down” Approach in
Denver-Julesburg Basin

Ol 4.1%z1.5%

EPA 2014

EPA 2013

EFA 2012 Karion et al. 2013 Petron et al. 2014

Drew Nelson; edf.org




U.S. Energy Consumption

U.S. Energy Consumption by Energy Source, 2009
Total = 94.578 Quadrillion Btu Total = 7.744 Quadrillion Btu

. —Solar 1%

/ - | | — Geothermal 5%

—Biomass waste 6%
Petroleum I " Wind 9%
(o)
e Biofuels 20%

" | Renewable

Energy Wood 24%
8%
Nuclear

Electric Power Hydropower 35%
9%

Note: Sum of components may not equal 100% due to independent rounding.

Source: U.S. Energy Information Administration, Annual Energy Review 2009, Table 1.3, Primary Energy Consumption by
Energy Source, 1949-2009 (August 2010).

http://www.tclabz.com/2011/03/11/steo-eia-
short-term-energy-outlook-highlights/




U.S. Energy Consumption

Table 1.2 Primary Energy Production by Source, 1949-2011

Quadrillion Btu
70

- M

1960 1970 1980 1990 2010

//

- Fossil Fuels Total -—— Nuclear Electric Power - Renewable Energy Total

Note that renewable sources
surpassed nuclear recently

http://en.wikipedia.org/wiki/Fossil-
fuel _phase-out




At Issue

Resolving our energy future and climate issues involves:
Economic issues
Reducing emissions
 But also mitigation (Biochar/BECCS)
Educating ourselves
« About energy
 About climate
Building trust

Dialogue




At Issue

...the low priority given by the public




March 2014 Gallup poll — hard pressed to
make changes when climate change not of
great concern

A little/
Great deal Fair amount not at all

The economy

Federal spending und the budget deficit

The availability and affordability of healtheare
Unemployment

The size and power of the federal government
The Social Security system

Hunger and homelessness

Crime and violenes:

The possibility of future terrorist attaels in the TS,
The availability und atfordability of energy
Driig use

Hlegal immigration

The guality of the enviromment

Baee relations

Cuestion asleed of o half sample

March 6-9, 2014

GALLUP




Views on Global warming by whether you're a
Republican, Democrat or Independent

Ehe New YJork Eimes|CBS NEWS Poll

Views on Global Warming

Global ws;rrni-ng is an environmental problem:

That is causing a - Whose impact won't That won't have
serious impact now . nappen until the future  a serious impact

Republicans

Demaocrats

Global warming is caused mostly by: Global

Human activity such as Maturai patterns in the warming
burning fossil fuels earth’s environment doesn't exist

-m

Republicans

Democrats

Based on telephone interviews conducted Sept. 10-14 with 1,000 adults nationwide. THE REW ¥YORK TIMES




THANK YOU

With that our speakers:

John Harpole

Harv Teltelbaum

Paul E. Belanger, Ph.D.
PEBelanger@glassdesignresources.com

- fracking tab




Click on Fracking — excerpts displayed below

denverclimatestudygroup.com/7page_

[ clirnate [ web design WixCoder lll - observ.. @ CoCoRaHS- Comm... @ Intellicast - Current ... ¥, nos

W

ESudyGroup 7 8 14 < Mew ¢ EditPage

sides as well as peer reviewed articles I've come across; it is by no
means complete and you can post information/links in the comment
section of the home page where there is fracking dialogue.

MEDIA:
= 9News video and story citing USGS attribution of earthquakes to

PUBLICATONS

AAAS/Science Magazines articles:
= July 15, 2014 EMAIL commentary intr

Proceedings National Academy of Sciences (PNAS):

« PNAS-2013-Jackson-water wells near Marcellus -

+ Induced seismicitv-Hitzman soij0g03

Industry Points of view:

« Coloradans for Responsible Energy Development (CRED)




EXTRAS #1

For your information as well as for
answering qguestions from the audience

Fossil-fuel phase-out:

http://en.wikipedia.org/wiki/Fossil-
fuel phase-out




California Electrical Generation

Nuclear Geothermal
15.6% 6.1%

Wind
2.9%

Biomass
2.9%

Coal
1.0%

Natural Gas
52.1% Other

3.1%

http://en.wikipedia.org/wiki/Fossil-
fuel _phase-out




Maine Electricity Generation

Petroleum

Natural Gas
41.9%

http://en.wikipedia.org/wiki/Fossil-
fuel _phase-out




Texas Electricity Generation

Natural Gas
49.8%

http://en.wikipedia.org/wiki/Fossil-
fuel _phase-out




Washington Electricity Generation

Natural Gas
4.7%

Coal
3.2%
Biomass

O 1.4%

Other
0.5%

http://en.wikipedia.org/wiki/Fossil-
fuel phase-out




Global Anthropogenic CH, Budget by
Source in 2000

Rice

1%

Enteric
fermentation )
Y, 13%

Solid waste

. Waste water
10%
Biomass Biofuel ' Fuel stat. &
burning —  combustion '—  mobile

5% 4%, 1%

i

Total CH, emessons in 2000 = Z82.6 TgCH,

http://oceanlink.island.net/ONews/ONews7/m
ethane.html




Trends in the Top Five Coal-Consuming Countries, 1980-2012
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U.S. electricity net generation
trillion kilowatthours

2012 Reference Case $15 Carbon Fee $25 Carbon Fee

1
2010

Natural gas 28% Natural gas 34%

Natural gas 34%

Nuclear 18%

Nuclear 27%

Nucl 38%
Coal 38% HeieEt g

Coal 16%

0 e ) RN

2005 2020 2035 1990 2005 2020 2035 1990 2005 2020

Coal

Source: EIA, Annual Energy Outlook 2012

http://en.wikipedia.org/wiki/Fossil-
fuel phase-out




Table 1.2 Primary Energy Production by Source, 1949-2011

Quadrillion Btu
70

/W

T

L T L)
1960 1970 1980 2000

- Fossil Fuels Total = Nuclear Electric Power —— Renewable Energy Total

http://en.wikipedia.org/wiki/Fossil-
fuel phase-out




EXTRAS #2

Variously related slides




Drivers: aka forcings, I.e. causes

Rimmaitng atmosghasc
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Where’s the heat going?

Answer — the ocean

How "Skeptics” View Global Warming
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Simulations of the 20th century: Time \

NCAR
Global Average Temperature
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Change in Earth’s Climate: Natural and Human Factors August 13, 2007




Temperature Anomaly (ref. 1980-1999)
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Climate Changes from Ocean Sediment

Cores, since 5 Ma. Milankovitch Cycles

the last time inferred temperatures
will have been this high — once
equilibrium is reached, will have

been 3 5 million years ago or more
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When CO, levels get below ~400-600 ppm Orbital parameters
become more important than CO,




Correcting for EI Nino and La Nina Influences

Shows the Global Warming Trend More Clearly

El Nifio/La Nifa Global Surface Temperature Influence
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How to Abuse Statistics: Choose a Short Time

| nterval and lgnorethe Long-Term Trend

How "“Skeptics" View Global Warming
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How to Abuse Statistics: Choose a Short Time
Interval and Ignore the Long-Term Trend

How "Skeptics" View Global Warming
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How to Abuse Statistics: Choose a Short Time
Interval and Ignore the Long-Term Trend

Global Surface Temperature Change (*C)

How Realists View Global Warming
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Figure 2, L5, energy-related carbon dioxide
emissions by majorfuel, 2009

mitllion meine tons carbon dioxide
2009 total = 6,425.6"

Fetraleum

. o F 2 -
2.318.8 (42.7%)

http://www.eia.gov/environment/emissions/g
hg report/ghg _overview.cfm




EXTRAS #3

From Drew Nelson: Natural gas symposium
9/25/2014

http://denverclimatestudygroup.com/wp-
content/uploads/2014/07/Drew-Nelson-
slides20140925.pdf




Widely Acknowledged Eiomplatura, Gas
The Ol and Cas Boom conference 9/25/2014
Has Clear Advantages...

* Economic
development

* Increased energy
security

* Less air pollution

* Fewer greenhouse
gases (GHG) from
combustion than coal.

.
R g e, T Rl N i, S
g, - - - T Ty L

iy = By, b 'L'“-":_-?F“.‘.,'- ':-"L:-i‘.' e S

Drew Nelson; edf.org



And Potential Risks: NEED to:

e Ground and Surface e Reduce risks

water contamination .
e Reduce emissions

* Induced Earthquakes _ _
injecting waste water * Rebuild public trust

e Increased GHG
emissions

e Local impacts: noise,
truck traffic, lights,
etc.

It’s in everyone’s
_ Interest to minimize
j ... If NOT done correctly risks and emissons

Modified from Drew Nelson; edf.org




Climate Implications of Methane

POUND FOR POUND METHANE TRAPS
84X MORE HEAT OVER 20 YEARS

CO: CHaq

Drew Nelson; edf.org




Even 1.3% Leakage ™
is Too Much... &~

* Annual GHGs of:
- 117 million cars or
- 146 coal power plants '

of ~615 coal plants

Gas carried by 127 LNG
tankers.

$1.7- $6.2 Billion of lost
revenue

Comment: we’ve reduced the output of

about 25% of our coal plants but offset that

with about and equivalent increase or worse

In equivalent GHG emissions Drew Nelson: edf.org




Final Thoughts

Urgency of climate problem requires solutions
that slow the rate and amount of warming.

Reducing methane reduces the rate of warming.

Industry can cost-effectively reduce methane, but
not everybody is doing so.

- Commpn-sense regulations can and should be
wmplemented. -

e el B

Reductions will prdvide climate and-hicaith;’
benefits.




EXTRAS #4 -
other

WG1; AR5 chapter 8

http://www.ipcc.ch/report/ar5/wgl/#.UuAsbxDn9OhE




Table 8.7 | GWP and GTP with and without inclusion of climate—carbon
feedbacks (cc fb) in response to emissions of the indicated non-CO2 gases
(climate-carbon feedbacks in response to the reference gas CO2 are always

iIncluded).

Lifetime (years)

CH,e 124 Mo ccfh
With cc fb
HFC-134a . No cc fb
With cc b

Nocc fb
With cc fb

Noccfb
With cc fb
50,000.0 Mo cc fh
With cc fb




Table 8.7 | GWP and GTP with and without inclusion of climate—carbon
feedbacks (cc fb) in response to emissions of the indicated non-CO2 gases
(climate-carbon feedbacks in response to the reference gas CO2 are always

iIncluded).

Lifetime (years)

CH,? 12.4° No cc fb
With cc fb
HEC-134a : Mo cc fb
With cc fb
No cc fb
With cc fb
No cc fb
With cc fb
50,000.0 Mo cc b
With cc fb




Table 8.7 | GWP and GTP with and without inclusion of climate—carbon
feedbacks (cc fb) in response to emissions of the indicated non-CO2 gases
(climate-carbon feedbacks in response to the reference gas CO2 are always

iIncluded).

Lifetime (years)

EH,," 12.4°

HFC-134a

50,000.0




ort-lived Forcers Mitigation
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About 25 percent of the man-made warming we are
experiencing today is caused by methane.

J. K. Shoemaker, 1 D. P. Schrag, 1 * M. J. Molina, 2,V. Ramanathan 3, 4, Science 9/25/2014
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