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But first the hole in the ozone:
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Science vs. Influence

« Scientists have seen direct signs of climate change for decades
— confidence has grown based on loads of dara, often collected by scientists
who are themselves skeptical about climate change
» Scientific consensus is not as easy as you may think
— practiced by humans, each interested in making a mark
— scientists are by nature skeptical, and eager to find errors in others ideas
— but in the end, driven by evidence, not emotion or pet ideas
« Long after scientific consensus, waters were still muddied

— overt influences by financial powers emphasized controversy and “lack of
consensus”

— and had a bigger bullhorn: popular media ran the controversy over the
consensus, which has had a damaging delay-effect

— skeptics like to say “teach the controversy”, but the controversy doesn’t
exist in the scientific community. Only in the “paid for by energy
companies”, political and media communities.
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The Rise of CO,

MAUNA LOA OBSERVATORY, HAWAII
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Keeling, a researcher at Scripps Institute for Oceanography, started measuring atmospheric CO, from

Mauna Loa in Hawaii in 1958. Besides the annual photosynthetic cycle, a profound trend is seen. Years Before Present

(Currently at about 390 ppm) 7 8
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Milankovitch Cycles
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Antarctic ice core records span 400,000 years

Carbon Dioxide (parts per million by volume)
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Cyclic climate change as we enter and
leave ice ages
Tight correlation between temperature
and CO,
Never have seen CO, levels over 300
ppm

— until now (390 ppm)!
Some temperature spikes “briefly”
warmer than now

—  but sea level was 15 feet higher in these

4
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Note: Greenland’s ice sheet is 110,000 years old: melted in last interglacial period. 13
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What is the greenhouse effect?

Infrared
Radiation
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: H,0 and CO,: major greenhouse gases
What happens with more CO,? 2 2- MAOT S g

o= Fuv V'xsible I ' Infrared ' ' =
* Adding CO, to the atmosphere changes the e above the atmosphere ]
o & r H 1
radiative balance on earth o.zo0 |- ,;*"‘/ T
. . L1 at ground level 4
— CO, absorbs infrared light, so more of the thermal A Y ° 1
i ]
emission trying to escape from earth is absorbed in the el i 3 ()2 s
. = H |
atmosphere, causing earth to warm : i A;' / 1
— it’s like the glass sheet over the solar hot water £ o 7§ ]
collector: like a greenhouse - i
. . . | & i
— eventually, a hotter earth radiates more prodigiously oom| | ]
(according to oT* law), and balance is re-established [ ]
7B ]

b °= Wavelaﬂgth (um) =

Figure 4.1 The wavelength distribution of solar radiation above the a(mosphere (dashed

line) and at the earth’s surface (solid line). The Solar Constant is given by the area under the

dashed curve. The sharp dips in the solid line are due to absorption of certain wavelengths
by various atmospheric gases, including water vapor and carbon dioxide. (Adapted from.
Orz the crrrcd DIistris 2 of Solar Watt Engincering. Washington., D.C.

15 U.S. Government Printing Office, Department of Energy HCP/T2552-01, 1978).
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Infrared Absorption and its Constituents

plots show transmission of atmosphere (dip means absorption)
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Other Greenhouse Gases

CO, is the main greenhouse contributor, at 57%,
but not the whole story

CH, (methane) contributes 17%

N,O (nitrous oxide) contributes another 5%

the rest from refrigerants (chloro-flourocarbons;
CFCs and the like) and ozone (the man-made
tropospheric stuff)

Note H,O is actually largest contributor, but it’s

concentration is not directly controlled by
emissions; it is part of feedback effect
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Is rise in CO, caused by humans?

» Absolutely expected! Rough estimate: (could do better)

— Recall every gallon of gas gives 201b CO,. Roughly estimate entire world’s CO, as if all
energy was from gasoline (coal gives more, nat gas less)

— total energy = 400 QBtu/year (0.17 Gboe/1QBtu)(42 gal/bbl) = 3 trillion gal/year

— times 20 or ~6 x 10'3 pounds of CO,/year. What fraction of the atmosphere is this?

— Atm pressure = 14.7 Ibs/in? is weight of air above each square inch of earth

— Total weight is 14.7 x area = 14.7 x 4 pi R"2 = 184 (4000 mi)> = 1.2 x 10'* Ib

— So fractionis 6 x 1013/ 1.2 x 10" =5 x 10 or 5 ppm/year BY MASS

— This is 3.8 ppm by volume (CO, is 44 g/mol vs 29 for air)

— if half goes into ocean, half into atmosphere (roughly true ), atmospheric
rise is 1.9 ppm/yr, by volume

— this is darn close to what we see on the “Keeling curve” graph

 Anyone who claims CO?is not caused by humans needs to
explain where all the CO? we are putting into the atmosphere is
going. Who cares that there are also natural sources of CO?.
These are small potatoes. 19
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Total CO, rise

*  We can do the same thing for the entire fossil fuel history

have gone through 1 trillion barrels of oil — 140 Gtoe
* Gtoe is gigaton (10° ton) oil equivalent (by energy)
used about 160 Gtoe coal worldwide
« using 40 Gtoe U.S. times four, since U.S. uses 25% of world
energy

used 1037 tcf natural gas in U.S. — 27 Gtoe, so guess 100 Gtoe
worldwide

400 Gtoe of fossil fuels — 1.2x10'° kg of CO, (3x FF mass)
228 ppm of atmosphere by mass; 150 ppm by volume

half into atmosphere — 75 ppm increase

see 100 ppm increase (280 ppm pre-industrial to 380 ppm)

*  So the CO, increase is absolutely expected! Human fossil fuel use is
only sensible explanation.

20
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Temperature record of the past

TEMPERATURE ANCMALY (°C)

0.8

— reconstruction (AD 1400-1980)

—— raw data (AD 1902-1998) 1998’
---~ calibration period {AD 1802-1980) mean

— reconstruction (40 year smocthed)

YEAR

Often called the “hockey stick” curve
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a7
—T in degrees with 1960-1990 baseline)
——Atmospheric carbon dioxide (COZ in parts per million)
33 2
g
va &
= 2
& s
£ @
8 >
3 2 B
g
&
N 02
04
2 06
S00 80 700 €00 500 200 X0 10¢C
Years Before Present
22

Lecture 17

11



Global Warming

May 31, 2007

UCSD

UCSD

A little more detail: [PCC Assessments

The Intergovernmental Panel on Climate Change (IPCC) is a body of
scientists tasked with providing the most robust analysis on climate
change available

— about 1000 scientists

— emphasis is on consensus view of the most solid facts/data

— governments are allowed to request changes

— as aresult, the conclusions are very conservative
Have worked on four major assessments

— third assessment in 2001; latest is fourth in 2007

— can see products at: http://www.ipcc.ch/
Explore a variety of scenarios as modifications to our current “business
as usual” trend

23

IPCC Working Group I
Summary for Policymakers

FINAL FIGURES

Please note...
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UCSD Concept of radiative forcing
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Hqu content of oceans is also INCreasing riwerss
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The consensus view

» From 2007 IPCC report (a rather conservative body):

“Most of the observed increase in global average
temperature since the mid-20th century is VERY
LIKELY due to the observed increase in
anthropogenic GHG concentrations."

(But Ralph Keeling says that many of the authors in
the IPCC report say that this conclusion was
deliberately made less conclusive; “very likely”
means 90%-95% confidence. He says science

actually says ~99% confidence (report should have
said “extremely likely”.

30
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Predicted Temperature Changes

* The IPCC predicts an increase of 1.4°C to 5.8°C
from 1990 to 2100 depending on scenario

 Earth can be slow to respond, due to thermal sink
of oceans, and this lag means the temperature will
continue to rise even if we ceased burning fossil
fuels today!

» CO, hangs around long enough that we would
likely not see the end of changes until ~2300

— this is under scenario that we STOP fossil fuels
tomorrow (not going to happen!)

— also sea-level rise is a gift that keeps on giving

31
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Impacts

Heat stress on ecosystems/people
Diseases/plants will change

Impacts of more intense rainfall on storm drains/
sewers/levees

Changes in circulation and the implications for air
pollution

Coastal cities and tidal surge
Implications of increased wind storms

Sea level rise will swamp low elevation islands

and coastal cities
32
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Sea-level rise

Thermal expansion of water plus glacial and polar
ice-cap melting raise the sea level
The oceans are predicted to rise something like
around 1 meter by 2100, maybe more

— goodbye to much of Bangladesh, much of the Nile

valley, Louisiana, much of Florida

Doesn’t stop there: it won’t stabilize until maybe
2300, by which time the rise could be several
meters

— this is even if we stop the CO, production foday

33

History of Sea Level

Over the past four cycles, each lasting about 100,000
years, sea level rose and fell by about 400 feet, with ice
ages having lower sea level and warm interglacial periods
having higher sea level.

During the warmest part of the last interglacial period
(about 130,000 years ago), global average temperature was
2-3 °F warmer than today and global sea level was 13-20
feet higher.

During the Middle Pliocene (3 million years ago), global
temperature was 3.5-5.5 °F warmer than today and sea
level was 80—115 feet higher.

If emissions of man-made greenhouse gases continue
without abatement, the earth could warm by 5.5 °F (3 °C)
within the next century.

from http://www.pewclimate.org/global-warming-basics/slr.cfim 14
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Sea Level After the Ice Age
- Post-Glacial
Sea Level Rise
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Note: this is a good example of real/ data: lots of measurements from different

scientists around the world all pointing to similar (and sensible) results. Note also error bars.

Sea Level Change (m)
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What’s the sea doing lately?

| Recent Sea Level Rise |

23 Annual Tide Gauge Records
= Three Year Average J{
= Satellite Altimetry |

1880

1900 1920 1940 1960 1980 2000

current rate is 3 mm/year — about a foot per century

130

Sea Level Change (cm)
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Global Consequences

The earth’s ocean/atmosphere/ice system is very complex

— it’s difficult to make predictions due to the
interconnectedness

Naive extrapolations say that by the end of this century,
the global temperature will be 1.4 to 5.8 °C warmer than
today

Same predictions have oceans rising roughly one meter by
2100, and several meters by 2300

These predictions don’t account for all possible feedback
scenarios; if all ice in Greenland and Antartica melts sea

will rise about 65 meters (215 ft); Greenland alone would
cause 7 meters

38
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What about surprises/abrupt climate change?

Collapse of the West Antarctic Ice Sheet
Melting of the Greenland ice cap

Collapse of the North Atlantic thermohaline
circulation

Of course, the real surprises are the ones we
haven’t thought of

39
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IMPACTS OF A WARMING ARCTIC

Greenland Ice Sheet Melt Extent

May 31, 2007
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ucsp 3 ucsb But even a few meters has a big effect

FLORIDA

Boston if sea level
rises 3 meters

41 o % “Google 42
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ucsb - San Diego with a 3 meter rise in sea level ucsD

Miami if sea level
rises 1 meter

) 3 2030, Inc.
43 3 = ““Google 44
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Ice-age scenario

The interconnectedness could drive us in the
opposite direction
As Greenland ice cap melts, North Atlantic
becomes less salty, and the “Great Conveyor Belt”
that is responsible for bringing warmth to northern
latitudes (especially Europe and eastern North
America could shut off

— already faltering, possibly foreshadowing collapse

— could shut off this year, or in next several decades

— climate shift would be abrupt and dramatic

45
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The Great Conveyor Belt
* ...of which the Gulf Stream is a part, it goes like
this:
— warm water from the tropics flows on the surface to the
North Atlantic

— as it goes, much evaporates, leaving saltier water

— as water becomes colder and saltier, it becomes denser
— dense water sinks to ocean floor (near Greenland)

— cold, salty flow empties into Pacific

— warm surface water from Pacific replaces lost water,
flowing north and closing the cycle

— called thermohaline cycle

46
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Great ocean conveyor belt If the circulation stops...

+ Ifthe conveyor belt shut off, Europe, Canada, northeastern
U.S. would be plunged into Siberian winter

» Transition would take only 2—3 years, based on historical
onset of ice ages

* Much greater reflectivity of snow would result in much
less absorbed solar energy—>global cooling

— oh—the irony

* Condition would be sustained for 700—100,000 years,
judging by durations of previous ice ages

» Lower latitudes are not spared: droughts, firestorms

— less evaporation off of warm surface currents in ocean

GRID (@)
Cold and salty == Arendal unee
deep current P

1991,in 1996, Impacts, i o
48
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The Venus Scenario

Increasing temperatures could unleash a runaway process:
positive feedback

Example of negative feedback (tendency toward stability)
— warmer—more clouds—more reflection—cooler
Examples of positive feedback:

— warmer—>less CO, absorption by water—more
greenhouse gases—>gets warmer

— warmer — air holds more water vapor — more
greenhouse effect — warmer

— colder—more ice on planet—more reflection—colder

The open question is which type of feedback will
dominate: positive feedback means runaway

Positive feedback contributors

Warm water has diminished ability to absorb CO,
— already “sharp drop” observed in Pacific CO,
Hotter soil means CO, is given off
More stable ocean (hot on top) starves plankton
— they rely on nutrients swept up from bottom
— net result: reduced activity means less CO, absorbed
Thawing tundra—wetlands—more methane
— a powerful greenhouse gas
Submarine methane-hydrates frozen in place are
warmed out

50
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The consensus view?

» The majority view among climate researchers globally is
that positive feedback is likely to dominate over negative
feedback

— but this isn’t being explicitly stated (published), as the uncertainties are
still too high

— good lesson of less-than-alarmist science community

51
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UcsD precipitation UcsD

DJF observations

Other effects from climate change

* The earth is slowing down as polar ice melts and
redistributes into the oceans
— like an ice-skater slowing down by holding arms out

* Glaciers retreating
_ Projected change ) Projected change . .
in 2090 - 2099 for A1B) D in 2090 - 2099 for A18 e More erratic weather (hard to quantlfy, though)
= * Species extinctions at an unprecedented rate
* Plant growing season and insect cycles are longer

©IPCC 2007: WG1-AR4

55 56
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How are we responding?

Globally, the response is positive and encouraging

The U.S., however, has been egregiously reluctant
to accept the consequences

— doing so would impact “our way of life”
— not surprising that the worst offenders/contributors are behaving the least
responsibly (e.g. U.S., China)

— Very recently both U.S. and China are saying they will reduce emissions.
So far no actual actions by either.

A tragic human epitaph:

— We wanted to save the world, but our leaders told us it
would be too expensive

Result so far: Business as Usual

57
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A detailed look at the U.S. response

I highly recommend reading the document put out
by the Union of Concerned Scientists in March
2004

— titled: Scientific Integrity in Policymaking

— http://www.ucsusa.org/scientific integrity/
« under “Read the UCS reports” link

Conclusion:

— The Bush administration suppressed and distorted the
truth at an unprecedented level; this is according
scientists who are both Republican and Democrat.
Obama has been slow to correct things. Will he ever?

58
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vcsp What can we do about Climate change?

Good references on the subject

http://www.ucsusa.org/global_warming/
— Union of Concerned Scientists
lwf.ncdc.noaa.gov/oa/climate/globalwarming.html
— NOAA: the National Oceanic and Atmospheric Admin.
http://epa.gov/climatechange/index.html
— Environmental Protection Agency site
Ten myths about global warming

— http://www.sierraclub.ca/national/programs/atmosphere-energy/climate-change/

ten-myths.html

Field Notes from a Catastrophe, by Elizabeth Kolbert

— well-written overview book on climate change

59

Calif. law: AB 32 Emissions Reductions

Required % CO, change from 1990 levels

50%

40%7 |

BCEC Data
HBusiness as Usual
= AB 32 Scenario
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1995 2000 2005 2010 2015 2020
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UCSD  The California commitment - scaled to the nation
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25 A .0
Historic U. S. Pid
emissions 0"y
204 et ‘ . Administration intensity target
. -

California AB 32, AB1493
& EE 3-05

0.5

U.S. GHG Emissions (GT C eq.)
P

0.0

1990 2000 2010 2020 2030 2040

Kammen, “September 27, 2006 — A day to remember”, San Francisco Chronicle, September 27,

2050

61

1IN
California Climate Strategy Supply Curve
(As of October, 2007)
250
200 -
Appliance Efficiency Stds.
150

100

Dollars per ton of CO2 eq.
o

Pavely (motor
vehicles)

l EE Prog[ams

Coal Reduction Policy

HFC Reductions

2020 Emissions
Reduction

Target

4

Simple Payback in
years

2
1

40

80 120 160
Tons of Reductions of CO2 in 2020 from a Baseline of 600 MtCO2 eq.

174

Source: http://www.climatechange.ca.gov/events/2007-09-14_workshop/final_report/
2007-10-15_MACROECONOMIC_ANALYSIS.PDF
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Exhibit B
U.S. MID-RANGE ABATEMENT CURVE - 2030 Acetement
cost <$50/ton
Cost Commercial Residential
Real 2005 dolars per ton COze ooy, 2uldogs - buldngs -
y equipment  equipment
o Soalpower piants or | officency  efficiency
Industrial
Residential
Fuel econom process Goal Mg = jgngs —  Active forest Distibuted Solar CSP
packages - Light improve- Methane Shell management solar PV
&0 trucks ents mamt rotrofits
Residontial Commercal -
electranics ommercial Nuclea
: ouildings — Residential |, jings — o
Combined water Control build
0 Residential heat and heaters
buildings — power
Lighting
0
26 30 32
Potential
Onshore wind - Gigatons/year
-30 Low penetration Onshore wind —  Industry
Industry - High penetration - CCS new
ety s on
heat and Biomass power—  ntonsive
-60 power Cofiring processes
llulosi
Soluase Manufacturing - Car hybrid
Exatng power HFCs mgmt Coal power plants - CCS o o
90 Residental D racsion new buids with EOR
buildings ~ efficiency Onshore wind - Medium
New shell improvements 0al-to-gas.
Commercial improvements " Consonaton penetration ot~ aapetch of
120 | electronics foos Winter exsting plants.
L Commercial
3 Sotdngo- coverroes Cosl poworpants -
T s Reforestation €CS rebuids
20 Commercial
buidings — Commercial
LED lighting buidings - Afforestation of
New shol Natra gzs | pastuoand Pl
Fuel economy  impravements systems new builds
packages - Cars management
Source: McKinsey analysis

Global cost curve for g

© Approximate abatement required
beyond ‘business as usual,' 2030

Carbon capture and storage (CCS); new coal

gas ab beyond ‘business as usual’; greenhouse gases measured in GtCO,e’

Biodiesel
Waste | Industrial CCS

Coal-to-gas shift

Medium-cost forestation CCS; coal retrofit
Cofiring biomass Industrial Higher-cost
" Wind; low penetration motor systems abatement
Industrial feedstock substitution P e
CCS, enhanced oil recovery, new coal e
50 Low-cost forestation ‘ | _______________
§‘ Livestock m Further polemial3
2 Nuclear ‘
g 0 |
w
g | Industrial non-CO, (2)
% Standby losses q " 7
.§ -50 Sugarcane biofuel bl bt A pin 00 b
5 | Fuel efficiency in vehicles ~25 ~40 ~50
g Water heating Marginal cost*€ per tC0,e?
~100 Air-conditioning
| Lighting systems
Fuel efficiency in commercial vehicles
~150 8% 17% 25% 33% 42% 50% 58%
5 10 15 20 25 30 35

Building insulation

Abatement beyond ‘business as usual,’ GtCO,e’ per year in 2030
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40

-160

Cost of abatement
EURACO,e

Global CO, Abatement Opportunities

2030

Coal-to-  Avoid

Industrial

UCSD

feedstock substitution CCS;  gas shift

CCS EOR;
New co:
Forestation

Asia

Livestock/
Smart transit soils
Small hydro
Industrial non-CO,
Airplane efficiency
Stand-by losses,

retrofit

1"

12 13

14 18

19 20 |21 22 |23 24 25|26 27

Cellulose  Industrial Avoided Industrial
Sugarcane ethanol  non-CO, Co-firing ccs: deforestation Cccs
America
biofuel biomass new coal
Fuel efficient vehicles Industrialmotor  Abatement
Water heating systems GtCOze/year

Air Conditioning
Lighting systems

Fuel efficient
commercial
vehicles

* ~27 Gton CO,e below 40 EUR/ton
* ~7 Gton of negative and zero cost opportunities
* Fragmentation of opportunities

Insulation improvements

Vattenfall, 2007
65

25000

-0)

20000

15000

10000

CO, emissions and reductions/storages (M

CO, Emission Reduction Effects by Technology
(550ppm)

O Forestation

[ Energy conservation
[ Fuelswitching

[ Biomass

M Solar

W Wind

[ Hydro, geothermal
M Nuclear

@ ECBM

O Sea absorptions

B Infection into aquifers
B Injection into abandoned gas well
O EOR

W Emissions after reductions

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Year
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Ibs CO2/gal gasoline equivalent

Low-Carbon Fuel, but it can be
(California Executive Order S-7-01)

BFT (Coal)

= Gasoline (Shale)

B Gasoline (Tar Sands)
BFT (Coal CCD)

= Gasoline

oEthanol (Cor Coal)
B Ethanol (Today)
8Ethanol (Com NG)

B Biodiesel

BEthanol (Corn Biomass)
8 Ethanol (Celluiose)

Ucsb _An Alternative Fuel is Not Necessarilya

aktanol (comBomasscep) | 2007 standard
5 Ethanol (Celulose CCD)
o 2020 standard
5
O ooo\
&

67

tons CO2 equiv.

15

10

Summary of GHG Emissions for Typical U.S. Household
(LEAPS Results) 50 Metric tons of CO, equivalent gases

m Indirect
n Direct | —

_ ailines
50
45
40
- EBE 35
.
~ Financing 2
e e :
10
Natural 5
0

————— |
i
I

lousehold equi

Clothing

— oqucaton
S 11—

healthcare

Transportation

Goods

Housing

Services
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. . A carbon-emission-free fossil-fuel economy
Carbon sequestration strategies

fossil |Resource energy |Carbon content| {E/C)fyel (E/C) Burial/mining Solving the climate
Sequester fuel [Tv-yr] [61c] [TW-yr/GtC] | [TWoyr/G1C] | rate [6tC/yr] problem with
carbon Gos 1200 570 2.1 1.6 -07 6 -14 sequestration
Qil 1200 750 L6 1.2 -05 g-19 requires a more
Coal 4800 3690 1.3 1.0 -04 10 - 23 ambitious program

than yet exists.

Cent ‘;“'l + Carbon sequest ration rates to produce
PowWETPInTS | 10 Twy COz-emission-free from fossil fuels

biomass

Strategies Strategies
requiring CO, not requiring

magnesium carbonate bricks 05

or O, separation separation DOE goals:
1 GtC/yr by 2025
| | | | 4 GtC/yr by 2050
. Ocean Ocean Carbonate
Geologic L P -
injection fertilization|| \weathering|
Carbon black| | Silicate Land Air
storage weathering biosphere removal
69 70
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CO, Burial: Saline Reservoirs

130 Gt total U.S. sequestration potential
Global emissions 6 Gt/yr in 2002 Test sequestration projects 2002-2004

Study Areas

* Near sources
(power plants,
refineries, coal
fields)

+ Distribute only
H, or electricity

* Must not leak

DOE Vision & Goal:
1 Gt storage by 2025, 4 Gt by 2050

May 31, 2007

UCSD

Temperature Rise of Various Materials in Sunlight

T T T T

50 [ Galvanize'd Steel o
%) g //5:2
[ » S IR-Refl. Blac! 1
® 40 2 & /% é
K] é //"O £ m
o 5] Fe < I )
o 30 ¢ 3 etz |
E : E E/‘é K5 &
© o & ) e 8% <
S 20 g o T3 55§ |
5} T s 7 oo s O
= £ /{ a z

10 [© = |

b
0 ' ‘

0.0 0.2 0.4 0.6 0.8 1.0
Solar Absorptance
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=10% of Greenland = 50% of California

Cooler cities as a mirror

Mirror Area = 1.5x10'2 m?[5] *(0.1/0.7)[3 albedo of cities/  albedo
of mirror]

=0.2x10'2 m?= 200,000 km? {This is equivalent to an square of 460
km on the side}

ICECAP

GREENLAND
% (DENMARK)

73

UCSD

Lecture 17

and in Santorini, Greece
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2000

Average Energy Use per Unit Sold (kWh per year)

1800 T

1600 T

1400 T

1200 T

1000 T

800

600 T

400

200 +

United States Refrigerator Use, repeated, to compare with

Estimated Household Standby Use v. Time

Estimated Standby
Power (per house)

1978 Cal Standard \
1987 Cal Standard .

— o

Refrigerator Use per

Unit \

e

1980 Cal Standard

1990 Federal
Standard

1993 Federal
Standard

75

ucsb Switching from Kerosene Lanterns to Rechargeable LEDs

Lecture 17

Commercially available LEDs
* 0.1 to 1 watt

* Lumens/watts > 100 better
than kerosene lanterns

* Much better directionality adds
to this advantage

Evan Mills
Energy Analysis Department
Lawrence Berkeley National Laboratory
Emills@lbl.gov
+ 1510 486-6784
http://www.ifc.org/led
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(a) CO, emissions

1 sconarios
8

»

CO; emissions (Gt C/yr)
= »
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Temperature Change (°C)
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The global climate of the 21st century

(b) CO2 concentrations (c) SO, emissions
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Y22 Hoffertetal.’s Conclusions

“These results underscore the pitfalls of “wait and see”.”

Without policy incentives to overcome socioeconomic inertia,
development of needed technologies will likely not occur soon
enough to allow capitalization on a 10-30 TW scale by 2050

“Researching, developing, and commercializing carbon-free
primary power technologies capable of 10-30 TW by the
mid-21% century could require efforts, perhaps international,
pursued with the urgency of the Manhattan Project or the Apollo
Space Program.”
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Figure TS.29 IPCC Estimates on Sea Level
= Europe
[
% 3
Q 4 North:Amerlca E )
E‘ £, g
52 - ’# H :
£ F { £ Y H
2 £ s i
E o M- 1900 1950 vear 2000 2050 %
¢ 1900 1950 Y 2000, § A A'rit{ﬂ g e ?
) E 3 . Year fz i
0. 5 i
A Y- A i |
5 H P ., Australia @ it
N 1) ,-—-—-/ — £ i
g2 £ g3 3 i
e, " 1000 20007 2050 § . o i
3 Year 5 it
§ o qem— £ z i
§ i o g
= 1000 1950 2000 2050 g H P
Year #1900 1950 2000 2050 1950 2000 2010 2020 2030 2040 2050 2080 2070 2080 200 2100
Year Year
models using natural forcing only projected changes (A18 scanarc) — observations A note of significance: none of these have yet stabilized as of 2100.
models using both anthropogenic and natural forcings MM range of anomalies with natural forcing only in 20th century simulations. Even the green curve (eliminating C02 emissions by 2100) is still
steadily climbing. This effect won’t play out until 2300 at least.
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vesb Land use, GHG emissions, and ‘carbon debt’

Gonversion of native ecosystems
to biofuel production

Balowground biomass
; , Toss

a2
A 12

Aboveground biomass.
carbon loss

Convarsion of dsgraded cropland
o biofuel production

Carbon debt
(Mg CO, ha™")
2
g

Iz . o 100 o - 100 100
B3
2 = |: 2 30
52 ° |
1
&8s
C 5L 2.8
Ex 10 7.1 7.1 7.8
g2 5 4.3
Ba, 12 12
55 o
£z
D
EP 423 310
25 03
7z @ = e 48
g3 17 No debt
28 w© incurred
28
g3 1
F 1 ]
Paim  Sojean Sugarcane Soybean Com  Com  Praiie  Prairia
Biofuel biodiesal biodiesel bicdiesel ethanol biodiessl ethanol  ethanol  biomass  biomass

ethanol  ethanol

Fargione, et

Former Tropical  Peatland  Tropical Cemado  Carrado  Central Abandoned Abandoned  Marginal [ .
acosystem rainforest rainforest rainforest wooded grassland grassland cropland cropland  cropland at, Sc1ence,
Location Indonasia/ Indonesia/  Brazil  Brazil  Brazi  US us us us Feb 8, 2008
Malaysia  Malaysia
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How to Save 40 MtCO?2 eq. per year

. UV Water Purification— An alternative to boiling

Worldwide 3 Billion people have access only to polluted water
1.2 Billion boil this; the remainder must use polluted water

— Many get sick and children die
Boiling water emits an avoidable 20 MtCO2 eq. per year

— Primarily fire wood is used for this

— With heat content = 2 million barrels of petroleum per day

2. Switching from Kerosene Lighting to LED rechargeable Flashlights

2 Billion people off of electricity grid use kerosene lanterns
Rechargeable LED flashlights now cost less than $20
Worldwide this will avoid another 20 MtCO2 eq. per year

The total of 40 MtCO2 eq. per year = 1% of reduction target in the building

sector, as estimated earlier in talk by “Design To Win”
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Depth (m)

o w0 nom i amo  ome am  sow  smo  suw Is rise in CO, surprising?

260 * Every gram of fossil fuel used produces 3 grams of CO,

€O, (pp.m.v)
w
3
T

— it’s straight chemistry: to get the energy out via combustion, the carbon
from the hydrocarbon gets attached to oxygen and off it goes

*  How much should we expect?

1
IS
Temperature (°C)

700 : WA — global energy budget is 4x10%° J; pretend all from fossil fuels
2 soolt] A A-
g ”Uoﬁ'f , ‘A’ / ﬂ //\')“J ] ‘,W i A Py — average 10 Cal/gram — ~40,000 J/gram — 10'¢ g/yr F.F.
gk Lﬁ*‘»f A : k W”frv\/ AT Y M\f“"” Vol ~ 50 3x10'6 g/yr CO, — 3x10'3 kg/yr CO,
s : M— 00 % — atmosphere has mass = 5.3x10'® kg — CO, adds 5.7 ppm/yr by mass
o 05 & — about 3.7 ppm/yr by volume (CO, is 44 g/mol vs. 29 for air)

— if half goes into ocean, half into atmosphere (what I’m told),
atmospheric rise is 1.85 ppm/yr, by volume

50000 100000 150000 200000 260000 300,000 850,000 400,000 — this is darn close to what we see on the “Keeling curve” graph
Age (yrBp)

Insolation J 65°N
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