The Climate Challenge



Earth’s Climate: the basics

CO, and other greenhouse gases make this planet
inhabitable (-15°C otherwise)

Increased fossil fuel use and deforestation have
increased greenhouse gas concentrations

— CO,: from 270 ppmv to 395 ppmv and growing more rapidly
as emissions increase

12 warmest years on record for 100+ years all in the
last 15 years — 2012 included

January 2013 was 335t month with temperature
above 20t century average

— There are, of course, local exceptions.



Global average land temperature: +0.91°C since 1960
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CO, emissions: still increasing globally

Figure 2. CO, emissions by sector
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Source: IEA, 2012, CO2 emissions from fossil fuel combustion, 2012 Edition.



A Shared Responsibility to Control Emissions

Figure 8.3 = Global energy-related CO, emissions by scenario
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Climate = Energy

+ forestry and agriculture

Business-as-usual energy future  Climate —friendly (A T < 2°C ) energy future

1500 ~ 1500 -
1250 1250
. [ 1Nuclear
B [ 1Renewable
— 1000 1 1000 -~ [ Bio-energy + CCS
s [ INat.gas + CCS
> [_10il +CCS
& 750+ 750 - [ Coal + CCS
2 I Bio-energy
o I Nat. gas
2 500+ 500+ [ Ol
£ I Coal
Q250

250

1980 2000 2020 2040 2060 2080 2100 1980 2000 2020 2040 2060 2080 2100

Fig. 2 Trends in global energy use for the baseline (leff) and the mitigation scenario RCP2.6 (right)
(CCS=Carbon Capture and Storage)

Source: Van Vuuren et al. (2011), Climatic Change, 109:95-116.



Climate change negotiations
Key milestones

e Rio 1992: UN Framework Convention on Climate
Change

— Annex | countries / non-Annex |

— Common but differentiated responsibilities and
respective capacities

— [EU failed attempt at a carbon tax]
* Berlin 1995: start of Kyoto Protocol negotiations

— Common policies and measures or

— Quantified emission limitation and reduction
objectives (QUELROS)



Climate change negotiations

Key milestones (2)

e Kyoto Protocol (1997)
— Agreement on country-by-country QELROs for 2008-2012

* Annex | countries: -5% from 1990 levels of CO, . emissions
* Developing countries: off the hook

— Flexibility mechanisms, i.e. emissions trading,
a.k.a. cap-and-trade

* Economists’ preferred option (=@ least-cost strategy)
* Inspired by US SO, Allowances Program

* Entry into force of Kyoto Protocol: 2005
— G.W. Bush Administration will not ratify (2001)

— US Senate resolution as early as 1997 against any treaty not
covering China and India...

* Whose per capita CO, emissions are then fractions of the US’

2-eq



Climate change negotiations
Key milestones (3)

 Copenhagen Accord (2009)
— Aspirational goal: 2°C, country pledges (incl. China)
— International climate funding: $100 Bn by 2020
— A success (global climate ‘hype’), a failure
— Main outcomes later agreed in Cancun (2010)

e Durban (2011)

— All countries agree to negotiation of [something] by 2015,
setting emission objectives by 2020

 Doha (2012)

— Salvages Kyoto Protocol ... which covers ~15% of global
emissions



Climate Change Negotiations
Key Milestones (4)

e Peru l1l-12 Dec 2014

-Will review the Synthesis Report of 5AR
-Includes 3 working groups
-This will be the main feed to COP 21

e (COP 21 in Paris 30 Nov to 11 Dec

-Will seek a binding, fair, global climate
agreement to succeed Kyoto
-Agreement comes in force in 2020
-Target remains climate change <2 degrees centigrade

 Why not set a goal that is impossible to attain?



SHALE GAS

AN INTRODUCTION



FIVE SOURCES OF NATURAL GAS

Schematic geology of natural gas resources
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PRODUCTION COSTS 1/6 of 2005
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FIRST FRACKING IN US IN 1947

1000 gallons of fracking fluid - napalm



IMPORTANCE OF PROTECTIVE CASING

General Casing Design
for a Marcellus Shale Well

Protects Aquifers



WHO GETS THE BENEFITS?

The Drilling Phase
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REDUCING THE FOOTPRINT

Still Plenty of Inconvenience



SHAKING UP GLOBAL GAS MARKETS

Shale Gas Production by Play, 2000-2012
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DOMINATING US GAS SUPPLY

Figure 2. U.S.natural gas production, 1990-2035
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SHALE OIL FOLLOWING SUIT

Exhibit 2
An unprecedented oil rush
Shale oil production in the US (million barrels per day)
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US Surge in Oil and Gas

Figure 11. U.S. energy production by fuel, 1980-2040
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Dramatically Reduces Imports

Figure 12. U.S. petroleum and other liquid fuels supply, 1870-2040

(million barrels per day)
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The Public Has the Right to Know

TRANSLATION  Meet the Master Well Formula — the chemical cocktail that Encana Corp. 2010, when Wyoming adopted an unprecedented rule requiring companies
will use to hydraulically fracture every natural gas well it drills in Wyoming's ~ to publicly disclose them amid rising concern about fracking's potential
What in Jonah Field. Drillers mix 11,800 gallons of this solution with over a million health effects. But a loophole in the law still allows companies to hide reci-

gallons of water and a heavy dose of sand, inject it underground to release pes by applying for “trade secret status” — something the Wyoming Oil and
the Well? gas deposits, and collect the fuel as it spouts to the surface. Thirty to 70 per-  Gas Conservation Commission has granted for about 70 fracking products.
*  cent of the solution re-emerges with "produced” water and is trucked off to The public may know more than before, but not quite enough to understand
evaporation pits. The rest lingers underground. the full range of hazards. SIERRA CRANE-MURDOCH

Chemical lists like this one weren't publicly available until September

Health effects associated with chemicals in fracking fluid*

Skin, eye Gastrointes- Brain & Cardio-
&sensory  Respir  tinal  nervous vascular Develop-  Repro-  Endocrine
Chemical Percent of volume ogans”  atory  &liver  system  Immune  Kidney  &blood Carcinogen Mutagen mental  ductive disruptor  Other uses
Diammonium peroxidisulphate 29 | el ] bleach, laboratory cleaning
Distillates (petroleum), hydrotreated light 17 [ | [} [ | [ | kerosene
Guargum 15 [ | i [ | food additive
Tetramethylammonium chloride 9 [ | | m chemical catalyst
Vinylidene chloride/methylacrylate copolymer 6 Not available plastic wrap
Methanol 5 ] 8} [ | | | ] fuel & chemical synthesis (formaldehyde)
1,2, 3 - Propanetriol 4 | | ] 8] 11 sweetener & preservative
2,2°,2"nitrilotriethanol 2 | 5] 6] i &) i ] chemical manufacturing
Sorbitol 2 ] m sweetener & laxative
Sodium tetraborate decahydrate 2 | [ | [ | [ | 1 cleaning products & insecticides
Sodium borate (borax) 1 | n il al ‘ 2 cleaning products & insecticides
Acrylamide-sodium 2-acrylamido-2-methyl-1-propanesulfonate 0.9 No health effects drilling
Ethoxylated branched C7-9, CB-rich alcohols 0.8 | ] industrial cleaning
Ethoxylated branched C9-11, C10-ich alcohols 0.8 8] [ | industrial cleaning
Sodium hydroxide (lye) 0.8 | ] soap & textiles
Bis(hydrogenated tallow alkyl)dimethylammonium bentonite 0.6 2] ] & various industrial uses
Ethoxylated propoxylated 4-nonylphenol-formaldehyde resin 0.6 | [ ] €] & 5] i i [ ] circuit board manufacturing
Heavy aromatic naphtha 0.4 ] ] i} gasoline & paint thinner production
Alcohols, C11-14-is0alcs., C13-rich, ethoxylated 04 [ | | | chemical catalyst
Alkylbenzyldimethylammonium chlorides, benzyl-C10-16- 0.4 Not available various industrial uses
Magnesium silicate hydrate (talc) 0.3 a [ | e} @ baby powder
Poly(oxy-1,2-ethanediyl) 0.2 o [ | @ ] pesticides
Alcohals, C12-13-alkyl, ethoxylated 0.2 Jui | chemical catalyst
Alcohol ethoxylate C-10/16 with 6.5E0 0.2 [ | &l industrial cleaning
Sodium chloride 0.1 [ ] [ | it [ | ] [ | table salt
Tetrakis(hydroxymethyl)phosphonium sulfate 0.1 | o B ] | a 8 5] pesticides
Non-crystalline silica 0.1 ] @ 2] electronics
Boricacid 00042 W | & i 8 a ] insecticides

100.0% *Dependent upon degree and route of exposure.

SOURCES: WYOMING OIL AND GAS CONSERVATION COMMISSION; THE ENDOCRINE DISRUPTION EXCHANGE
www.hen.org High Country News 3
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These Claims Need Validation




Fukushima

William C. RAMSAY
Directeur & Senior Fellow

Institut Francais des Relations Internationales
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NUCLEAR FALLOUT MAP
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Irradiated Water Storage

How to Decontaminate?
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Fuel Removal from # 4

Started in November 2013
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An Ice Wall to Block Water into Damaged Reactors

1550 WELLS TO BLOCK 400 TONS OF WATER PER DAY



AVERAGE AGE OF REACTORS - 28 YRS
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1Tl NUCLEAR MOVES EAST

SOME DOWN - SOME OUT

JAPAN
GERMANY
SWITZERLAND
ITALY

SPAIN
FRANCE?

UusS?

OTHERS GROWING

INDIA

CHINA
RUSSIA
KOREA
MIDDLE EAST

NUCLEAR CAPACITY WILL GROW OUTSIDE THE OECD



All Forms of Power Generation to Fuel Development

Electricitygeneration in non=OECD S WORLD

OUTLOOK

countries has only begun to rise o

Electricity generation by source
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Non-OECD countries make up an ever-increasing share of global generation,
with coal steadily rising & more than outweighing the decrease in the OECD
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Trends in RE Electricity Generation 2005-2013 and Forecast to 2020
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= Continuing growth, over 25% of global electricity generation by 2020
= OECD RE electricity growing by 31% between 2013 and 2020;
= In non-OECD RE electricity growing by 57% (80% in China)
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International
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Trends in RE Electricity Capacity and Investment in
2005-2013 and Forecast to 2020
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Investment required stabilises at around 250 billion USD as costs of PV
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