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Enerqgy and Climate Change

Presentation Content — This Week
Unsustainable societal construct

1. Current unsustainable energy situation
2. Global warming and climate change
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1. Our Current Unsustainable
Energy Situation
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Our current unsustainable energy situation

Some Energy Numbers - International Energy Agency (IEA) Data

Global Total Primary Energy Supply (TPES)
1973 and 2009 fuel shares of TPES

1973 2009
i 5 i 5
Hydro  and waste art Hydro  and waste Ofher®
- 1.8% 10.6% 0% {,.:d.l"pe-:r le&:?j% 10.7% 0.E% o/
: e

0.9% 246% 5 8%

| 6111 Mtoe | | 12 150 Mtoe |

*Oifher indudes geofhermal, solar, wind, heaf, efc.

86.6% fossil fuels 80.9%

Mtoe: million tonnes of oil equivalent

over 12 billion tonnes of oil equiv.

Really HUGE number, & nearly 81% fossil fuels
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Our current unsustainable energy situation

Global CO2 emissions from energy (IEA data)

1973 and 2009 fuel shares of
CO, emissions**

1973 2009
Othee®**
Matural Cthar®*®
it AL cﬁf r m;;,g% g 4% cﬁuﬁd
50.6% 36.7%
| 15 624 Mt of CO, | | 28 999 Mt of CO, |

*Warld includes [rfernafional aviafion and infermafional marine bunkers.
**Catuofed vsing fe [EA’s energy balances and e Revised 1996 IPCC Guidalines.
CiOy emissfors are from fuel cambusfion anfy ***Offer inclvdes indusfrial wase
and norrenewable municpal wase.

2009- 99.6% coming from fossil fuels

About 29 billion tonnes of CO:

Another really HUGE number, & nearly all from fossil fuels
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Our current unsustainable energy situation

Breakdown of where primary energy goes:

Primary
Energy
Sources

L ost heat (23%)

T

Electricity |—7—————

32%

29%

Heat

Residential (14%)
Commercial (12%)
Industrial (22%)

/

Transport (29%)
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Our current unsustainable energy situation

Our big current energy unsustainability
~ 81% fossil fuels

Fossil fuels

Limited resource

Global
Energy

CO:z + others (e.g. Hg)

>

Global warming /
Climate change
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Our current unsustainable energy situation

Our big current energy unsustainability
~ 81% fossil fuels

Fossil fuels | Global CO: + ofh:rs (e.g. Hg)
o« o Energy Global warming /
Limited resource Climate change
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Limited Resource - Fossil fuels

billion
Region Fossil fuel reserve (giga tonnes of oil Fossil fuel reserve (%)
equivalent)

Oil Coal Gas Sum Oil | Coal | Gas | Sum
North America 3 170 7 185 0.86 |18.20 | 0.75 | 19.81
South America 15 13 6 34 1.61 | 1.39 | 0.64 | 3.64
Europe 2 40 5 47 0.21 | 428 | 054 | 5.03
Africa 16 34 13 63 1.71 | 3.64 | 1.39 | 6.75
Russia 18 152 52 222 1.93 |16.27 | 5.57 | 23.77
Middle East 101 0 66 167 10.81 | 0.00 | 7.07 | 17.88
India 1 62 1 64 0.11 | 6.64 | 0.11 | 6.85
China 2 76 2 80 0.21 | 8.14 | 0.21 | 8.57
Austaliaand East |, 60 10 72 |o021 642|107 | 771
Asia
Total 165 607 162 934 17.67 | 64.99 | 17.34| 100.00

[Sonree: WCT (2007) and BP (2006)]

Table 1. Location of the world's main fossil fuel reserves in 2006

934 / 12*(0.81) = 100 years
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Limited Resource - Fossil fuels

Fossil fuels are totally unsustainable because they are a
limited resource that will be exhausted: it is only a matter of time.

Figure 16.10
Global Oil Production on a 4,000-Year Timeline

A Brief History of Oil

1 Drﬂ}{] 2000 3000 4000

Around 30 - 50 years of oil left
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Our current unsustainable energy situation

Our big current energy unsustainability
~ 81% fossil fuels

Fossil fuels

Limited resource

Global
Energy

CO:z + others (e.g. Hg)

Global warming /
Climate change
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2. Global Warming &
Climate Change
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Global warming and climate change

Climate change is possibly The big worry, as the market still
has time to react to fossil fuel resource depletion.

Global warming causes climate change, not just in terms of
temperature change, but also precipitation change, rising sea levels,
changes in extreme weather events.

Greenhouse gases, such as CO2, methane and nitrous oxide cause
global warming through the greenhouse gas effect.
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Factors contributing to global warming (IPCC)

Anthropogenic

Matural

Radiative forcing components

RF Terms BF values (W/m") | Spatial scale | LOSU
1.66 [1.49 to 1.83] Global High
Longdived !
greenhouse gases ' 0.48 [0.43 to 0.53]
L |_,i_| Halocarbons 0,16 [0.14 to 0.18] Global High
. i o =0.05 [<0.15 to 0.05] | Continental
tratospheric
Ozone S P Tm?“**phe”c 0.35[0.25t00.65] | toglobal | Med
1
1
Stratospheric water |
vapour from CH, i 0,07 [0.02 to 0.12] Global Low
1
| 02 [-0.4 to 0.0
Surface albedo el Black carbon 0 [ '] c:ﬁlrﬁd [
: an SNow 1 [0.0 to 0.2]
! i Continental | Med
Direct effect ! ! 0.5[-0.910-0.1] to global -Low
Total i i
Aerosol | Cloud albedo i i Continental
effect . ! 0.7[1-810-0.3] | " global | Low
Linear contrails i i 0,01 [0.,003 to 0,03] | Continental | Low
Solar irradiance i E—{ i 0,12 [0,06 to 0,30] Global Low

Total net
anthropogenic

l___&&

1.6 [0.6 to 2.4]

-2

=1 0

1

Radiative Forcing (W/m®)

2

IPCC - Intergovernmental Panel on Climate Change
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Greenhouse gas effect and global warming

(IPCC)

Solar radiation powers
the climate system.

Some solar radiation
is reflected by
the Earth and the
atmosphere.

f‘T MDS PHE RE
gﬁ | 5\
About half the solar radiation

is absorbed by the
Earth’s surface and warms it. Infrared radiation is
emitted from the Earth's
surface,

CO: is a greenhouse gas molecule (this is well-known scientifically),

thus increasing CO2 leads to increased global average temperatures
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Some evidence for CO2 - Temperature relationship

Carbon Dioxide vs Temperature over thousands of years

400 Thousand Years of
Atmospheric Carbon Dioxide Concentration

and Temperature Change
| 400

CO, concentration from
Mauna Loa Observations
& Antarctic Ice Cores

1800 AD > i
Level

Carbon Dioxide (ppmVe

400 350 300 250 200 150 1b0 50 0

Thousands of years BP (before present)

Data Source COZ: ftp://cdiac.ornl.gov/pub/trends/co2/vostok.icecore.co2
Data Source Temp: hitp://cdiac.esd.ornl.gov/ftp/trends/temp/vostok/vostok. 1999 .temp.dat

Graphic: Michael Ernst, The Woods Hole Research Center %\ Slide 16
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The natural variation in temperature and CO:

There is evidence to show over the last 700,000 years that there
is a natural cycle that occurs every 100,000 years,

where CO2 varies from 180 ppm to 300 ppm ~ change of 120 ppm
and temperature correspondingly varies by about 6 C

The reason for this is caused by the elliptical orbit of the earth around
the sun which varies the intensity of solar radiation hitting earth,
however the effect is greatly amplified by earth processes

causing variations in greenhouse gases

(IPCC)

FAC 6.1, Figure 1. Schemalic of the Earthi's orbital chanpes (W ankowitch

ovefes] et dive the foe soe ovcles. T dencles channes in the 1 for obdiouiyd of Slide 17



The last 10,000 years before 1750

In Geological time, we are in a warm period or interglacial

Before the industrial revolution ~ 1750, Global CO2 ~ 260 - 280 ppm
and was at that level for the last 10,000 years.

Thus, we have had a nice stable climate over this period.
400

Current >
Level

CO; concentration from
Mauna Loa Observations
& Antarctic Ice Cores

1800 AD >
Level

Carbon Dioxide (ppm

400 350 300 250 200 150 100 50 0
Thousands of years BP (before present) Slide 18




What has happened since? - Lets look at GHGs

Cancentrations of Greenhouse Gases from 0 to 2005

400 (IPCC) | | | 12000
' {1800
Corbon Dioxode (CO,)
E Methane (CH,) _:“5["]
- 330 — Nitrous Oxide (N,Q)
2 1400 E
E .
a H1200 5
= 300
S 1000
-|BCO
EE‘D i i i 1 L ) 1 N . . 1 . . 1 ) ED.D
Q a00 1000 1500 2000
Year

Well, GHG concs. have greatly increased, especially CO2

We have gone from
280 ppm in 1750 to
392 ppm in 2011
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What has happened since? - Lets look at GHGs

Global anthropogenic GHG emissions

. T (TPCC)

T.0%
i 490
“7
9.4
A0 -
5, 40 356
g a0{ 287
2
0 20
10 1
0
1970 1980 1980 2000 2004

[ €0y from fossi fuel use and cther sources. [ | GO, from deforestafion, decay and peat

[ €4 fram ayicbume, wase and enemy | Mz0fromagicubraandofiers  [I] F-gases b m"m brudlclings

Note:

o G6HG from fossil fuel combustion is not the only source.

o Methane and nitrous oxide from agriculture are significant.
o Also CO2 from burning forests.
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G6HGs - CO2 equivalents - COz e

COz2 is not the only GHG, there are others,
including methane which is about 25 times stronger than CO2
So, methane has a CO2 e of around 25..

Kyoto protocol GHGs: CO2, CH4, N2O, HFCs, PFCs & SFe
Montreal protocol GHGs: CFCs, HCFCs & CH3CCI3
Other warming / cooling agents: ozone, water vapour and aerosols

In 2009: [European Environmental Agency data]
CO2 ~ 388 ppm

CO2 e [Kyoto protocol gases] ~ 439 ppm

CO2 e [Kyoto + Montreal gases] ~ 461 ppm
CO2 e [Kyoto + Montreal + Other] ~ 399 ppm

Slide 21



Evidence of climate change - Lets look at Temperature

Global Global Land Global Ocean
| | |
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- madals using only natural foreings — CUSETVALONS (IPCC)

models using both natural and anthropogenic forcings

Global average temps have increased by about 0.8 C since 1750

Also, beware, there is a time lag, thus temp will increase
further even if there are no more emissions.

It is reckoned that CO2 e:
- 350 ppm gives 1 C increase
- 450 ppm gives 2 C increase
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More evidence & Impacts of global warming

Changes in temperature, sea level and Northern Hemisphere snow cover

(IPCC) D.E:- (a) Global average surface temperature © _:14_5 S Hea"' S'h"ess
: < - Affect on agriculture
Soor j40% - Biodiversity loss
a
E
&
~0.5F 113.5
& 1 | |
EI sof. (b) Global average sea level ] R|s|ng sea levels
e ] - Coastal flooding
£ Bl Good global warming indicator
o ET
@© —100F .
% 150}
S 150 i
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4:_ (c) Northern Hemisphere snow cover Mel-ring Of ice / glﬂCier'S
< | : ‘ 1 ¢ - Affect on water
s of 1 S sprIy / agricq‘lfure
E | #| E Artic ice as the “canary
4 1so in the coal mine”
1850 1%00 1m0 2000
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Accelerated climate change & tipping points

One example is:

Thawing of the permafrost in Thundra & Siberia

Permafrost is frozen ground that is a storehouse of frozen carbon,
locked up in the form of leaves, roots and other organic matter
trapped in icy soil.

When thawed, it can produce methane and COz2,

that warms the planet, which can cause further thawing of permafrost,
which leads to more methane and CO2 release, which can cause

more warming, etc...and the warming accelerates.

When the global temperature exceeds a “tipping point” temperature,
then sufficient permafrost melting occurs to initiate this
accelerated warming effect.

This is a real worry, because there is a lot of frozen carbon there.
This has the potential to lead to accelerated global warming
and climate change.



Rate of increase of global CO2 concentration

PARTS PER MILLION

Year CO2 [ppm]

Atmospheric CO, at Mauna Loa Observatory

40 * 0T 1960 317

- Scripps Institution of Oceanography

NOAA Earth System Research Laboratory 2000 369.H52

2001 371.13
2002 373.22
2003 375.77
2004 377.49
2005 379.80
2006 381.90
2007 383.76
2008 385.59
2009 387.38

| | | 2010 389.78
1960 1970 1980 1990 2000 2010

- 2011 391 .57

380

360

340

320

June 2012

Global CO2 conc.increasing at about 2 ppm / year
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What CO2 conc. should we NOT go above ??

Many scientists have written about definitely not going above
450 PPM or else encounter seriously dangerous climate change.

However, more recently, some renowned climate scientists, including
Jim Hansen NASA, state we need to get back below 350 Ppm

Where are we now? How many years to get to 450 ppm?

450 ppm Overly simplified calculation:

(450 - 392) / 2 = 29 years
392 ppm - 2011

The year 2040

350 ppm

317 ppm - 1960

280 ppm - 1750 Slide 26




What do we need to do to avoid serious climate change?

O Well, definitely do not go above 450 ppm CO2
d Try to get back below 350 ppm!

O Remember, we had a very nice climate for 10,000 years at 270 ppm

How do we avoid serious climate change?

> Kick the “fossil fuel habit”

> Prevent agricultural emissions of methane and nitrous oxide
» Stop burning forests

Next o
. e Move:

Time - How? Technological, Economic ..

- Issues & barriers

- What will happen?

>
Sustainable ENERGY path
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Enerqgy and Climate Change

Presentation Content — Next Time
Moving to a sustainable societal construct

3. The Move: A planned approach

4. The Move: Technological perspective

5. The Move: Economic & Social perspective
6. What will happen?
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