A Brief Tour of the
Global Energy System

Prof. Robert Kopp

Rutgers SEBS Honors Seminar
February 29,2012


http://www.bobkopp.net/
http://www.bobkopp.net/

Questions We’ll Address:

What is energy!?

What do we (as individuals, as a nation, as a planetary civilization) use
energy for!

What are the proximate sources of the energy we use?

What are the ultimate sources of the energy we use! How does the
human energy system fit into the natural energy system?

How has human energy use changed over history!?

Is the present energy system sustainable? What are the major risks
associated with it?

What alternatives are there to the present energy system?! VWhat are the
barriers to energy system transformation!?

What sorts of policies can overcome these barriers?
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What is energy!

Turn to a partner, and come up with a
definition of energy (in a physical sense)
and 2-3 examples.



First Law of Thermodynamics

In a thermodynamic process, the

increment in the internal energy of a

system is equal to the difference between .
the increment of heat accumulated by the K
system and the increment of work done by o

t e
—Rudolf Clausius, 1850

Wikipedia

-

Equivalently: The work required to change the state of an otherwise
Isolated system depends solely upon the initial and final states
iInvolved and is independent of the method used to accomplish this

change.

I.e.: The energy of any isolated system is constant.
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Second Law of Thermodynamics

Clausius: No process is possible whose sole result is the
transfer of heat from a colder to a hotter body.

Kelvin: No process is possible in which the sole result is

the absorption of heat from a reservoir and its complete
conversion into work.

Note that, classically, temperature is related to kinetic energy by

1 3
577?/02 — §]€BT



Second Law of Thermodynamics

Clausius: No process is possible whose sole result is the
transfer of heat from a colder to a hotter body.

Kelvin: No process is possible in which the sole result is

the absorption of heat from a reservoir and its complete
conversion into work.

Equivalently: In a closed system, entropy does not decrease.

where entropy is defined as
0

and / represents the different possible microstates of a system.



Second Law of Thermodynamics
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Equivalently: In a closed system, entropy does not decrease.

where entropy is defined as --
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and / represents the different possible microstates of a system.



Second Law of Thermodynamics

-

Exergy can be expressed as B = E — TS.
Energy E is conserved, but entropy $
increases, so B decreases.

So when we say “energy is consumed,’
what we really mean is exergy is
consumed. Exergy has the same units as
energy, but counts only energy associated
with low-entropy states, which can be
recovered to do work.

We're going to be sloppy and ignore this
most of the time, by convention.

~

> result is the
ly.

s0le result Is

ts complete

not decrease.

s of a system.




Key Units

Energy:

e | Joule = | kg m?/s? (equal to the kinetic energy of 2 kg
moving at | m/s)

Power:
e | Watt=1]/s
Energy:

e | Wattehour = | Watt applied for | hour = 3600 ] (so
a 100 W lightbulb running for | hour uses 100 Wh

energy)



A reminder on Sl prefixes

milli (m) = 10-3
kilo (k) = 10°
mega (M) = |06
giga (G) = 107
tera (T) = 102
peta (P) = 10'°
exa (E) = 108

zetta (Z) = 102



A reminder on Sl prefixes

milli (m) = 10-3
kilo (k) = 10°
mega (M) = |06
giga (G) = 107
tera (T) = 102
peta (P) = 10>
exa (E) = 108

zetta (Z) = 102

World annual primary exergy

consumption =
474 E) =132,000 TWh

World annual final exergy
demand = 325 E| =
91,000 TWh

Civilizational primary power
supply =I5 TW

Annual CO; emissions =
32 Gt CO, =32 Pg CO,



You may also encounter (with apologies)

Energy:

® | calorie = 4.184 |, the energy required to heat | g of
water by |°C [note that | food Calorie = | kcal]

¢ | British Thermal Unit (BTU) = energy required
to heat | pound (454 g) of water by |°F (0.56°C) = 252
cal = 1.055 kJ

¢ | Quad = | quadrillion BTU = 1.055 EJ (~293 TWh)
e | tonne oil equivalent (toe) =41.9 G] = | |.6 MWh



Key Electrical Units

Current:

® The Ampere (A) is a fundamental unit of the S| system; it is
practically defined as the flow of | coulomb (C) of charge/
second.

Electrical potential:

o | Volt (V)=IW/A=1]J/C-so | Aflowingdowna |V
potential gradient will acquire | ] of energy per second

Resistance:

® The Ohm (Q) is defined as | V/A. Power dissipated into heat is
given by voltage x current or by current? x resistance

So:on a 120V circuit (as in the U.S.),a 1,000 W device (e.g., a
microwave) will draw a current of 8.3 A.



What do we use energy for!

Where does our energy come from!

In groups, share your personal energy consumption
and create a list of the energy sources/fuels
that are employed to fill this demand.

Then send a representative to the board
to record the energy consumption
of each of your group members.
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Energy sources Conversion devices Passive systems Final services

Primary energy 475 Direct fuel use 272 Motion 175 Vehicle 106

Passenger transport

Diesel engine 58
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@ Aircraft engine 11 |y ONMP=H0Y
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Otherename 10— d O

Factory 154

Electric 55 Structure

motor
54 Biomass P 68 | 15x10° MPa??m?
Heat 233 o~ T

Oil burner 28
Steam system 67

Biomass 49 [ Aluminium 9| Sustenance
28x10'® J (food)

97 Gas burner I Y A

Furnace 31

Gas burner 47 I, Y
Hot water system 23 Hygiene
SR 1.5x10"2 m®K (hot water)

\ Coal burner 31 2.8x10" Nm (work)
Heated/cooled 86
space

—r Thermal comfort
AR

30x10" m*K (air)

127 Coal Electric 58
heater

Electricity

Heat e\ changer 20

— .
\ OloplSeRl e Appliance 88 Communication

18
- Light device 18 280x10™ bytes

. lllumination
Heat Electronic 16 llluminated space 18 480x10"® Im's

Electricity generation 203 Other 67 Building 215

Annual global flow of energy
in 2005, EJ [10%joules]

Annual global direct carbon emissions
in 2005, Gt CO, [10°tonnes of CO,]

Fig. 2. From fuel to service: tracing the global flow of energy through society.

Cullen & Allwood, 2010



J.M. Cullen, ].M. Allwood / Energy 35 (2010) 2059—2069

Energy
sources Direct fuel use 252

129
152 Qil

Biomass

97 Gas

Electricity
generation
189

54 Electricity
127 Coal ooTTon

132 Generation +
distribution loss

34 Fuel loss
Primary energy 475

Global carbon emissions

Global energy demand
. in 2005, total = 27 Gt CO,

in 2005, total = 475 EJ

Conversion
devices

Diesel engine 54

Useful energy 55

Heat 23

Otto engine 38

Aircraft engine 10
Other engines 7

Electric motor 16
Qil burner 26

Biomass burner 46

Gas burner 43

Coal burner 28
Electric heater 17

~ Coaoler 10
Light device 6

Electronic 5

Fig. 3. The global map of energy conversion efficiency.
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| B Lawrence Livermore

Estimated U.S. Energy Use in 2010: ~98.0 Quads National Laboratory

Net Electricity

Solar 0.01 Imports
S8 12.71
28 Electricity 26.78
GCeneration
39.49 Rejected
Energy
56.13
2.36
Residential
11.79
Commercial
8.71

8.11 Industrial
- 23.27

8.01

Trans-
portation
27.45

Source: LLNL 2011, Data is based on DOE/EIA-0384(2010), October 2011, If this information or a reproduction of it is used, credit must be given to the Lawrence Livermore National Laboratory
and the Department of Energy, under whose auspices the work was performed. Distributed electricity represents only retail electricaty sales and does not include self-generation. EIA
reports flows for hydro, wind, solar and geothermal in BTU-equivalent values by assuming a typecal fossil fuel plant "heat rate” (see EIA report for explanation of change to geothermal in 2010).
The efficiency of electricity production is calculated as the total retail electricity delivered divided by the primary energy input into electricity generation. End use efficiency is estimated as 80% for
the residential, commercial and industrial sectors, and as 25% for the transportation sector, Totals may not equal sum of components due to independent rounding. LLNL-MI-410527



New Jersey Primary Energy Consumption in 2009
(Total = 701 TWh;80,000 kWVh/person)

Residential
2476
[Jransportation

387

Commercial
267

AINAUStrals

Data from EIA |7



Figure 13. 2011 New Jersey Energy Generation by Fuel Type (MWh and %)

Renewables; 889,386;
Oil; 134,714; 0.18% 1.18%

Coal; 6,475,488; 8.61%
Natural Gas;

28,628,214; 38.08%

Nuclear; 39,046,246;

51.94%
* Through July 2011

NJ State Energy Master Plan 201 |



Where does our energy come from!

What physical processes led to the formation of the proximal
energy sources we use today?

Each group will be assighed some energy sources. Briefly discuss
where these sources came from, over the 4.6 billion year history
of the solar system, then return to discuss with the class.

4. Nuclear
|. Solar 5. Geothermal

2.Wind

3. Hydro 6. Biomass

i /. Coal, Natural Gas, and Petroleum)
19




Solar Energy Flux

® Conversion of
nuclear energy
(nuclear fusion)

 ~ | ’360 W/ m2 (cross-section at Earth’s orbit) §

Visible, IR, and UV radiation

i % Turbulent convection
westive zone

0 2100000 K

~~
e~
Radic emission

Core
Neutrinos

“He + 3.5 MeV
n + 14.1 MeV

o
Coronal loops .«

Radioc emission ‘é}/

Energetic particles 48
© Bright spots and shorl-lived
magnetic regions

X-rays and prays

Wikipedia
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Energy balance of the Earth

Global Energy Flows W m

102\ Reflected Solar 341 Incoming 239 [Outgoing
Radiation Snla_r . Lnngv»{ave
101.9W m? Radiation Radiation

341.3Wm? 238.5Wm?
Reflected by
ﬂ;ﬁ;ﬁg?e Atmgspheric
: : Window
79 iTlﬁed by 160
mosphere

78 Atmosphere

Greenhplﬁ?.
) Gases

333
Back
Radiation

17 80 333
Absorbed by Thermals Evapo- Sm:fan.:e
Surface transpiration Radiation  Absorbed by

Surface

Net absorbed
0.9
W m*

Fig. I. The global annual mean Earth’s energy budget for the Mar 2000 to
May 2004 period (W m=2). The broad arrows indicate the schematic flow of
energy in proportion to their importance.

314 | BAMS MARCH 2009 )| Trenberth et al., 2009



Geothermal Energy Flux

~100 mW/m? over oceans

Crust 0-100 km f
thick

= )/ Lithosphere
# (crust and upper-
most solid mantle)
Mantle
\

7/ Not to scale

N 6,3;;18 Km
To scale

Wikipedia 27

L ~65 mMW/m? over continents

44 TWV total ,

® Conversion of
gravitational
energy (planetary
accretion and
differentiation)

® Conversion of
nuclear energy
(fission of
radioactive
nuclides)



Energy balance of photosynthesis

(@ 2.0
Sun Energy loss | T o
1000 kJ Eoua| K i?x
487 513 Outside photosynthetically S o 1Y
active spectrum 5 > 08 ! I\
g = B!
438 49 Reflected and transmitted - ‘,,\
il i
372 66 Photochemical inefficiency N g ‘;{\\_.‘w\
C3 C4 (b) .9 v v
126 246 85 287 Carbohydrate synthesis g {"&5
65 61 85 0 Photorespiration § “ o F 15
46 19 60, 25 Respiration 5 E |orsi
) £ l\ c O | | ’
3 /\ PG / “ % g : ‘ 3 L'\\
¥ % - l a1 o - R IR :
) ) = ‘ s} ; RN
- -~ at maximum efﬂuency | ;o %
Biomass 46 kJ Biomass 60 kJ R | 0 S e
ot Opinion in Bi 0 1000 2000 3000 4000

~4 kWh/kg biomass energy den5|ty sy Wi

Note units should be per nm, not per s
~2 kWh/kg C

Zhu et al., 2008
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Global annual net primary productivity
(g C/m?ly) for the biosphere

Total = 105 Pg Clyr (~200,000 TWhlyr = ~23 TW),
of which ~0.1% is buried for the long term,
of which ~0.05% will turn into fossil fuels (very roughly)

NP

180 120 W 60 W 0 60 E 120 E 180
B e I L
0 100 200 300 400 500 600 700 800

C B Field et al. Science 1998;281:237-240 24



Table 2 Annual global HANPP estimates

Low estimate  Intermediate estimate  High estimate
u m a n Product (Pg C) (Pg C) (Pg C)

°® Py Vegetal food 0.90 1.73 2.95
appropriation
p p p Milk 0.15 0.27 0.43
Eggs 0.09 0.17 0.26

® Food (subtotal) 2.83 4.09 5.86

of terrestrial
Fibre 0.32 0.36 0.42

Wood (fuel) 2.68 4.31 4.71

Wood (construction) 1.97 2.50 3.44

N P P Wood and fibre (subtotal) 517 7.45 8.95
Total 8.00 11.54 14.81
% of annual NPP (56.8 Pg) 14.10 20.32 26.07

HANPP
Units: % of NPP

& 200-40,000
« > 100-200
> 80-100

¢ ) 60-80

C > 45-60
¢ 30-45
& 20-30
& 10-20
‘& 0.1-10
- 0

~20% total (~10 Pg C = ~20,000 TWh = ~2 TW)

25 Imhoff et al., 2004



Coal: fossil fuel from ancient swamps

——_— Proved recoverable lignite and coal

"'?af* ,,)p* e Y reserves (WEC,2010):
’ ’\‘ é, t\";‘\l"

Time 860 Gt globally
| > 240 Gt USA

Pressure

'Q @

a9,
Peat . i S S, Lignite is 60-75% C
Ighite Coal Anthracite > 91.5% C

Equivalent to ~8 y terrestrial NPP, ~8
ky of terrestrial NPP burial

http://www.uky.edu/KGS/coal/coalform.htm

Dragline removing Surface Mining
s a\f, mountain top Methods

Dozer along
. contour bench

0o
"
q,fb

AsS3
@
=

B B A B B N ON
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http://www.uky.edu/KGS/coal/coalform.htm
http://www.uky.edu/KGS/coal/coalform.htm

US coal rese
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EXPLANATION

Antheacite, semianthracite, Subbituminous
and meta-anthracite

Low-volatie bituminous Ugnite
.‘ - N -
Medium- and high-volatfle Red points indicate coking coal

bituminous

Dashed black lines indicate uncertain boundaries
Dashed yellow lines delineate general province boundaries

USGS OF 96-92
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Deep color represents areas known 1o contain cod beds that are of
commercisl value at the present time or that may be of value n the
future. In general the minimum thicknesses included are 14 inches for
anthracite and bituminous coal, and 30 inches for subbituminous coal
and ligrite

ht color represents areas of doubtful value for coal. These may
be divided into three classes- (1) areas containing thin or iregular beds,
which generally have litthe or no value, but which locally may be thick
enough 1o mine, (2} sress In which the coal Is poor In quality, snd (3)
areas where information on the thickness and guality of cod beds is
meager or lacking.




Petroleum and natural gas:
fossil fuels from ancient oceans

Depth (km) Hydrocarbons generated
0 9
e
3 | R
g @ o 5 )
@ ) B Biochemical
& © o methane
o | E Fi4E
£ S
=
Q
i -
v
9
@ L2 40
0 S
& ~
5 |3
o>
)
+
)
U 5% =
o 2
<O
Y N
=
0| w
S8 o4 -
> O
= 8 S N
Tucker (2001)
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Proved recoverable conventional oil
reserves (WEC,2010): 163 Gt
globally, 3 Gt USA

Prospective oil shale resource in
Canada: 105 Gt

Proved recoverable conventional
natural gas reserves (WEC, 2010):
148 Gt globally, 6 Gt USA

Updated: May 9, 2011
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Oil and Natural Gas Production in the United States
{Decwed from Mast ot of 1998)

[ Current shale plays
Stacked plays

— Shallowest / youngest
—— Intermediate depth / age
—— Deepest / oldest

* Mixed shale & chalk play
** Mixed shale & limestone play
*** Mixed shale & tight dolostone-

siltstone-sandstone play

[ Prospective shale plays
Basins




How does our energy use fit into
natural energy flows?

Human primary power demand: |5 TW

— Fossil fuel use: 12 TW
— Human appropriation of net primary productivity: 2 TW

Solar flux to surface: 184 W/m? = 94,000 TW
Geothermal flux: 44 TW
Net primary productivity: 23 TW
— Buried net primary productivity: ~23 GW
— that ultimately turns into fossil fuels: ~10 MW
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How has this changed over time?

Think about your personal energy consumption, and
about the energy sources that underlie it.

In 1800, at the start of the Industrial Revolution, the
world had a population of ~900 million and a GDP

of ~$200 billion (compared to ~7 billion and ~$63
trillion today).

How much energy do you have at your disposal
today compared to the average person of 18007
Write down your estimate.
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World GDP Per Capita

N

—_k
o

1800 (~$200 [vs. ~$6,500 in 2000])

GDP/capita (1990 USD)

1
1 0 I I I I I I I I I
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Delong (1998) 33



Est. Global Energy

10
g 10° -
S 1800 (~60 GW [vs. ~15TW today])
o
% 10 F /——//
LLl
10—4 e —— e ———— | | |
—10000 —-8000 —6000 —4000 —2000 0 2000
10 ¢
s
=
£ 10°F
= [ 1800 (~500,000 TWh = ~14% of total to 2000) _
S _— -
LCI,_I) . e ——

—10000 —8000 —6000 —4000 —-2000 0] 2000

assuming constant energy intensity (~0.4 Wh/$) 34



Est. Global Energy Per Capita

—
o
(&)

—
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N
III 1 1 rrrriri

—
o
w

= 1800 (~600 kWh/personlyr [vs. ~20,000 in 2000])

Est. Energy/Person/Year (KWh/yr)

[\

0 200 400 600 800 1000 1200 1400 1600 1800 2000

—_k
()

assuming constant energy intensity (~0.4 Wh/$) 35



Est. Global Energy Per Capita

105 I I I I I I I I I

= 1800 (~600 kWh/personlyr [vs. ~20,000 in 2000])

Est. Energy/Person/Year (kWh/yr)

1 O l l l l l l l l l
0 200 400 600 800 1000 1200 1400 1600 1800 2000

4 )

The average American today has about ~100,000 TWh/yr
at his/her disposal. By this calculation, that’s equivalent to

~|70 people of 1800.

- J

assuming constant energy intensity (~0.4 Wh/$) 35



U.S. Primary Energy Consumption Estimates by Source, 1775-2010

45
—Petroleum
40 T  —Coal /-ﬁi
35 .~ Natural Gas /\
—Hydroelectric Power /V \r/'\/'
30 —— Nuclear Electric Power
>
m —Wood /
5 X1 —Other Renewable Energy’ / M
% 2 JAWR ,
3 / / yr
"’ / A\/W
10 / h/ /w
5 /
—‘-é’—_’“/‘/
0 - T = T — ! ! ! '
\2) Q \») Q \2) Q (o) Q \2)
& & o & & Y Cl & & S
Z~

(D
e ¢
5)

Source: U.S. Energy Information Administration Annual Energy Review, Tables 1.3, 10.1, and E1.
" Geothermal, solar/PV, wind, waste, and biofuels.
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Global fuel mix by decade

Percent

100 ~ Other

* renewables

-l Nuclear

M Hydro
80

-l Gas

60

40 -l Oil

20
- Coal

-l Biomass

1800 1850 1900 1950 2000 2040
Source: Smil, Energy Transitions (1800-1960)

46 exxonmobil.com/energyoutlook
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Historical trends and patterns of development...

Energy use per unit of GDP
toe per thousand $2009 PPP

Forecast

0.6
0.4 China
US
S —— TN
0.2 J -~ —
7~
_ World
_ 7~
-—
- .
- - — India
0.0

1820 1840 1860 1880 1900 1920 1940 1960 1980 2000 2020

Energy Outlook 2030 12 © BP 2011
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http://en.wikipedia.org/wiki/File:Newcomen_atmospheric_engine_animation.gif
http://en.wikipedia.org/wiki/File:Newcomen_atmospheric_engine_animation.gif
http://www.bbc.co.uk/history/interactive/animations/beam_engine/index_embed.shtml
http://www.bbc.co.uk/history/interactive/animations/beam_engine/index_embed.shtml
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(underlies modern thermoelectric plants)
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Is the current energy system
sustainable? What are the major
associated risks!?

Brainstorm some possible limits to and potential risks
associated with the current global energy system.

4]



Big Risk:
Climate Change



Carbon Dioxide Concentration
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Carbon Dioxide Concentration
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Direct Measurements
" |ce Core Measurements -

Carbon Dioxide Concentration

W
Q0
o

Since 1750:

W
®))
o

w
S
o

W
N

o
Parts per million by volume

* ~| |0 ppm increase in
atmospheric CO»

W
-
o

1280

260

Ca}bon Fiux

Fossil Fuel Burning —
Total Flux ___

(All Sources and Sinks)

A (&)}

N
10~ kg Carbon / year

0

1750 1800 1850 1900 1950

2000

GlobalWarmingArt.com 43



Carbon Dioxide Concentration

Direct Measurements
" |ce Core Measurements ««-»
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MIT IGSM projections for 2041-2050 and 2091-2100
(“Business-as-usual” no policy case)

CO; Surface Temperature

a C

300 500 700 900 1100 1300
O, (ppmv)

0 2 4 6 8 10

Change in surface air temperature (C)

Red: Emissions Uncertainty
Green: Climate and Carbon Cycle Uncertainty

Blue: Combined Uncertainty

45 Sokolov et al. (2009)



Global GDP by region OECD energy demand Non OECD energy demand
Trillions of 2005 dollars Quadrillion BTUs Quadrillion BTUs

120 500 500

Without improved efficienCy ..o >
and intensity gains, OECD
demand would grow by nearly

100 400 90 percent and Non OECD by Other
more than 250 percent. Non OECD
: Russia/
--ll Non OECD Caspian
80
300 300 Africa
60
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200 Other OECD 200 America
40
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--l OECD
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20
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0 0 0
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The Outlook for Energy: A View to 2040 7
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Global energy demand by fuel type

Quadrillion BTUs
250

2040

200

150

100

50

0

Exxon 201 |

Latin America and
China are the biggest
users of hydro power,
which makes up over
80 percent of total
Hydro/Geo suppligs.

2010 From its peak in 2025, coal
will decline by more than
10 percent by 2040.
v
‘ . . |

Qil Gas Coal Nuclear Biomass/Other  Wind/Solar/ Hydro/Geo

Biofuels
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Fossil Fuel Emissions
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Shorter Term Risk:
Energy Security



Other problem...

Who has the oil?

(only showing conventional oil — R
including tar sands would make Thed0Ale B il mer e
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Other problem...

Crude oil prices 1861-2010

US dollars per barrel
World events

Fears of shortage in US

Growth of Venezuelan

Post-war reconstruction

Loss of Iranian

Yom Kippur war

|[ranian revolution

Netback pricing

Asian financial crisis

production supplies introduced
Pennsylvanian Russian Sumatra Discovery of East Texas field Suez crisis Iraq Invasion
oil boom oil exports |production |Spindletop, discovered invaded of Irag
began began Texas Kuwait
120
|
110
100
90
80
\ 70
\ 60
50
| 40
I v 30
VTN Y — &
r/‘
' 10
\/@ﬁg’ Ny
1861-69 1870-79 1880-89 1890-99 1900-09 1910-19 1920-29 1930-39 1940-49 1950-59 1960-69 1970-79 1980-89 1990-99 200009 2010-19 O
I $2010 1861-1944 US average.
M $ money of the day 1945-1983 Arabian Light posted at Ras Tanura.
1984-2010 Brent dated.
BP (201 1) 5



Though net imports are declining:

Figure 11. Total energy production and consumption, Figure 12. Energy production by fuel, 1980-2035
1980‘2035 (quadnllion BtU)
(quadrillion Btu) 30 History 2010 Projections
History 2010 Projections
120
Consumption
20
80
40 10
0 1 ‘ | ] 0 T T ] ]
1980 1900 200 20 202 2009 1980 1990 2000 2010 2020 2035

EIA (2012) 52



Where does our crude oil come from today?

3,000,000 ® OPEC
©® Canada

Mexico

other non-OPEC
Domesti

2,250,000

1,500,000

Thousand Barrels/Year

750,000

/—/__\_

of which, about half is used domestically
and half is refined and exported...

0
1993 1995 1997 1999 2001 2003 2005 2007 2009

EIA (2012) 53



What demand-side alternatives
are there? What are the barriers?

Consider the readings and your personal energy audit.

In your groups, consider ways of reducing energy
consumption. Which would seem to be most effective? For
ones that can be adopted at an individual level, what is
pbreventing you from adopting them? For ones that require
societal action, what do you think the barriers are?
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What supply-side alternatives are
there! What are the barriers!

In your groups, discuss what alternative, low-carbon energy
supply options are there. What are some barriers to their
deployment?
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ENERGY
TECHNOLOGY
PERSPECTIVES
2010

Scenarios &
Strategies
to 2050 '

© OECD/IEA - 2010

Key technologies for reducing global CO,
emissions under the BLUE Map scenario

Baseline emissions 57 Gt ... D

B CCS19%

B Renewables17%

® Nuclear 6%

B Power generation efficiency
and fuel switching 5%

® End-use fuel switching 15%

End-use fuel and electricity
efficiency 38%

WEO 2009 450 ppmcase ETP2010 analysis

2010 2015 2020 2025 2030 2035 2040 2045 2050

A wide range of technologies will be necessary to reduce energy-
related CO, emissions substantially.
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Energy Efficiency
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Figure 2. At very low and low per capita consumption levels, higher use of energy is clearly
tied to rising index of human development, but once energy per capita reaches about 150

gigajoules per year, the correlation breaks down. More is not better.
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38 units
enter transmission
lines

Pow!rtlant

losses:
62 units

P

Transmission
line losses:
2 units

o -l._

-
=
s

Energy content
of coal: 100 units

Example of energy lost during conversion
and transmission. Imagine that the coal

needed to illuminate an incandescent 34units
lightbulb contains 100 units of energy when of heat S g

it enters the power plant. Only two units of ‘

that energy eventually light the bulb. The .

Energy used to

remaining 98 units are lost along the way, :
power the lightbulb:

primarily as heat.

36 units
2 units of energy
in the light
NAS 2008
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So what’s it used for?

Transporiation
28%

Industinal
12%
Residential

21%

Percentage of energy consumed by each
economic sector in the United States in 2006. .
* Percentages do not sum to 100% due to independent rounding. _ El}ﬂ{:ﬂ' HE-E.1II'|g

315

Space
Cooling
1 EII:I i

Energy usage in the U.S. residential sector in 2006.

NAS 2008
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Appliance
efficient potential
in SEAD partners

from best
practice adoption
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ENERGY
TECHNOLOGY
PERSPECTIVES
2010

Sceharios &
Strategies
to 2050 7

© OECD/IEA - 2010

Primary energy demand by fuel and by scenario

8 000
7000
6 000
5000
4 000
3 000
2 000
1000

Mtoe

2007 m Baseline 2050 m BLUE Map 2050

© x@ e
\2\46 & o
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>
o
&
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By 2050, coal, oil and gas demand are all lower than today under

the BLUE Map scenario.

|Mtoe = 1.6 TWh
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RECALL: How does our energy use
fit into natural energy flows!?

Human primary power demand: |5 TW

— Fossil fuel use: 12 TW
— Human appropriation of net primary productivity: 2 TW

Solar flux to surface: 184 W/m? = 94,000 TW
Geothermal flux: 44 TW
Net primary productivity: 23 TW
— Buried net primary productivity: ~23 GW
— that ultimately turns into fossil fuels: ~10 MW
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Resource availability

I've got sunshine, plenty of sunshine ... Total power available (terawatts)

Sooner or later, humanity must move away from
fossil fuels, finite resources that produce planet-
warming greenhouse gases. At first blush, Earth
appears to have power to spare. The total power
from sunlight striking the ground is a whopping
101,000 terawatts, and experts estimate that we
could capture enough of that to exceed by a wide
margin the 15 terawatts of power that the world's

e

population now consumes. World demand Hydroelectric =~ Geothermal Solar
15 1.6 3.8 >50
(190 theoratical) (4.7 theoretical) (42 theoretical) (101,000 theoretical)

How much is left? (years)

200 300

s, Coal 100 _ :
Natural gas 64 21 0 251 360
RESERVES : RESOURCES
Oil 41 k2
RESERVES RESOURCES
Nuclear (Uranium) 82 ' 300-10,000
RESOURCES

SOURCE: WIORLD ENERGY ASSESSMENT 2000YUNDP; WEA 2004/UNDP; REPORT OF THE INTL GEOTHERMAL ASSOCIATION TO THE UN COMMISSION ON SUSTAINABLE DEVELOPMENT 2007; SCLATER ET AL, JOURNAL OF GEQOPHYSICAL RESEARCH 86 [1981); NASA

1vao1o

At 184 W/m? and 30% efficiency, how much area would

it take to produce |5 TW from solar!?

Cho (2010), Science 63



Land needed to

Challenge: Power density

power San Jose B Hydroelectric

(hectares)

San Jose,

California Natural gas
46,000 290
.............. Nuclear

.................

o . 4,200

SOURCE: D. SMTZLEY ET AL, UNIV. OF MICHIGAN CENTER FOR SUSTAINABLE SYSTEMS (2004); ELECTRICITY FROM RENEWABLE RESOURCES, NAS (2010); DOE

San Jose Power Consumption = 740 MW
| hectare = 10,000 m?
multiply by ~20,000 to get area to power world

Cho (2010), Science 64



Challenges:
Intermittency and
Scalability

100 —

average peak capacity (megawatts )

—h
o
|

Solutions for intermittency:
backup, grid design, storage

100

N W S o) (@) ~ oo (@
o o o o o o o o
(lusalad) 10108} Alloeded abeione

-t
(&)

o
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Proposed offshore wind projects off the U.S. coast (black squares and names).

@ S11
Cape Wind
Deepwater Wind

Bluewater Wind - N)

I WV

Fishermen's Energy
Bluewater Wind - DE

Latitude
w
w

W, )
’ \

25 | ¥ N }

-80 -75 -70 -65
Longitude

-85

Kempton W et al. PNAS 2010;107:7240-7245

©2010 by National Academy of Sciences | ‘ ﬂ A ; E



(Top) One month of power, expressed as CF, from two isolated wind parks (blue and orange lines)
compared with power from the Atlantic Transmission Grid (Pgrid, thick black line).

Nov 1999 S2 S10 Pgrid
" Y s Y v v T Y 5 v Y =
o8| : }' " ) [' I ﬂ \-
w 0.6 ’ l :
O o4 ‘é\ 1 4! l I h l ‘ ‘!K‘!' : Jl
0.2 /Wl "N : ! .
0 . 1 1 ‘q M| d* A A 1 .
1 3 5 23 25 27 29
osC Y Y Y Y Y Y T v T v Y v Y Y Y Y Y Y T v T v Y Y Y Y Y =
0.4 - | I
% 0 I f ‘ ‘ ' | |
< 04 | i ‘
0.8 N 1 A 1 a 1 a 1 a 1 A 1' a 1 A 1 a 1 a 1 A 1 A 1 A 1 A 1
1 3 5 7 S 11 13 15 ) T 4 19 21 23 25 27 29

time (days)

Kempton W et al. PNAS 2010;107:7240-7245

©2010 by National Academy of Sciences I ‘ ﬂ A ; i



Carbon capture and storage

Fossil | Energy content | Carbon content (Efue/C) (E/C) Sequestration
fuel [TW-yr] [GTC] [TW-yr/GtC] [TW-yr/GtC] rate [GtC/yr]
Gas 1200 570 2.1 1.9-1.6 5-6
Qil 1200 750 1.6 1.4-1.2 7-8
Coal 4800 3690 1.3 1.2-1.0 9-10
central Carbon sequestration rates to produce j
biomass power plants 10 TW CO,-emission-free from fossil fuels
ioma

magnesium carbonate bricks
e CO2

68

Hoffert et al., 2002



Carbon capture and storage

B

Fossil | Energy content [ Carbon content (Efuel/C) (E/C) Sequestration
fuel [TW-yr] [GTC] [TW-yr/GtC] [TW-yr/GtC] rate [GtC/yr]
Gas 1200 570 2.1 1.9-1.6 5-6
Qil 1200 750 1.6 1.4-1.2 7-8
Coal 4800 3690 1.3 1.2-1.0 9-10
central Carbon sequestration rates to produce j
] power plants 10 TW CO5-emission-free from fossil fuels
biomass
fuel electricity
> & H2 magnesium carbonate bricks
S O €02

«——CO2

Y

fossil
fuel
sequestered CO»2 ™, \/‘

Note that this requires creation of an infrastructure
comparable in scale to that of the fossil fuel industry.

Hoffert et al., 2002 68




Challenge: Cost

Levelized Cost of Electricity for New Baseload Sources

Biopower : - (8-10)
Geothermal _: ; ’(10)
Nuclear :_ (6-13)
NGCC (High) : l N (10-16)
NGCC-CCS (High) | | ) (14-21)
NGCC (Low) ) (4-7)
NGCC-CCS (Low) | . I (7-10)
Coal 1 ! (5-9)
§ Coal-CCS | | | I (9-15) | | |
° | | | | | |
‘% 0 5 10 15 20 25 30
§ 2007 Cents per Kilowatt-hour
(11]
Levelized Cost of Electricity for New Intermittent Sources
Wind (Offshore) | ) (5-18)
Wind (Onshore) : R (4-10) ¥ (14-30)
Solar PV | . E——
Solar CSP | ) (5-20) |
0 é 1|o 1I5 2|o 2|5 3|o

NAS, 2009

2007 Cents per Kilowatt-hour
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Figure 4.16a: United States — levelised costs of electricity
(at 5% discount rate)
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Scale can drive down costs for newer technologies

2006 2007 2008 2009 2010

Figure 1.2 Cumulative installed PV capacity in the top eight countries

- (EPIA 2011)
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Figure 1.5 U.S. cumulative installed PV capacity, by interconnection status
(Sherwood 2011)
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Figure 3.7 Global, average PV module prices, all PV technologies, 1984-2010
(Mints 2011)

At 20% capacity factor, $1/VWV; is competitive with 7 cents/kVWh
with a payback period of 8 years (not incl. installation costs)

NREL (201 1)
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At $1/Wp, what would be the cost of replacing all
current production with renewables!?

$12 T @l Global Module Price Index

== Implied Non-Module Cost(plus module costlag)
$10 T Total Installed Cost (Behind-the-Meter PV)
$8 1

RN

$6 1
54 1

Capacity-Weighted Average
Installed Cost (2010$/Wp¢)

52 +

$0 -
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Installation Year

Notes: "Implied Non-Module Cost (plus module cost lag)" is calculated as the reported Total Installed Cost minus
Navigant Consulting's Global Module Price Index.

Figure 8. Average Installed Cost, Module Price Index, and Implied Non-Module Costs over Time for
Behind-the-Meter PV

~|10 TW = ~$10 trillion
x 2 for installation
x 3 for backup/smart grid/etc

= ~$60 trillion

LBNL (201 1) 72



At $1/Wp, what would be the cost of replacing all
current production with renewables?

$60 trillion = ~| year of world GDP
assume we do this over 30 years, GDP growing
at ~3%l/year, so GDP doubles in ~22 yr

then this amounts to ~2% GDP/year for the
next thirty years

In the US, this would be ~$280 billion/year.
What else do we spend $280 billion/year on?

LBNL (201 1) 73



At $1/Wp, what would be the cost of replacing all
current production with renewables?

What else do we spend $280 billion/year on!?

National defense Medicare Health

AS a
nation: -

S738 billion

This is ~$2.50/person/day in the US.
What else do we spend that on?
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TECHNOLOGY
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2010

Scenarios &
Strategies
to 20507

© OECD/IEA - 2010

Additional investment needs, BLUE Map scenario
vs. Baseline scenario

800
700
600
500
400
300
200
100

USD billion / yr

2030-2050

o
o
o
oN

2030-2050

o
i
o
oN

Other major
economies

I — e
o o o o
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o o o o
N N N N
o o (@) o
i (98] — o
o o o o
N N N N
Emerging Leastdeveloped

economies countries

Buildings
M Transport
M Industry

B Power sector

Over the period to 2050, most of the additional investment in low-
carbon technologies will be needed in non-OECD countries.
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Average annual electricity capacity additions to
2050 needed to achieve the BLUE Map scenario

ENERGY W Present rate M Gaptoreach BLUE Map

TECHNOLOGY
PERSPECTIVES Coal-fired with CCS
2010 Gas-fired with CCS

35 plants (500 MW)

20 plants (500 MW)
Historical high ] 30 plants (1 000 MW)
2/3 of Three Gorges Dam
200 plants (50 MW)

12 000 turbines (4 MW)
3600 turbines (4 MW)

’ Nuclear
Scenarios &

Strategies Hydro
to 2050 " Biomass plants
Wind-onshore

Wind-offshore

Geothermal 45 units (100 MW)
Solar PV 325 million m? solar panels
Solar CSP 55 CSP plants (250 MW)
0 10 20 30 40 50
GW/yr

Annual rates of investment in many low-carbon electricity
generating technologies must be massively increased from
today’s levels.

© OECD/IEA - 2010
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GLOBAL TOTAL NEW INVESTMENT IN CLEAN ENERGY
2004-11 ($BN)

5%

31%
1
$187bn $189bn

2004 2005 2006 2007 2008 2009 2010 2011

Note: Includes corporate and government R&D, and small distributed capacity. Adjusted
for re-invested equity. Does not include proceeds from acquisition transactions Source: Bloomberg New Energy Finance

Bloom berg / / / / GLOBAL TRENDS IN CLEAN ENERGY INVESTMENT, 12 JANUARY 2012 3
NEW ENERGY FINANCE
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What sorts of policies promote
energy transformation?

Consider the barriers we identified previously.

What sort of policies might promote energy
transformation?
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Price

Ideal equilibrium, .
reflecting social Social Cost
costs

\

Private Cost

S Actual equilibrium
in an unfettered

market

Demand

Quantity
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Marginal cents/kWh

12

o,
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0 0.25 0.5 0.75

Fraction of clean supply
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Marginal cents/kWh

12

Dirty With Tax (aka Fine, aka Fee)

— Dirty
— Clean
— Dirty (Social Cost)

0.25 0.5 0.75

Fraction of clean supply
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Marginal cents/kWh

Clean With Subsidy (aka Incentive, aka Tax Credit)

|2

o el Ml [ T

6 v

3 S Dil"ty
—  Clean
. Dirt)’ (Social COSt)

0

0 0.25 0.5 0.75 |

Fraction of clean supply
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Marginal cents/kWh

12

Regulation

— Dirty
— Clean
— Dirty (Social Cost)

0.25 0.5

Fraction of clean supply
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Marginal cents/kWh

12

Clean after learning or R&D

2
-
.....
-
-

— Dirty
—  Clean
— Dirty (Social Cost)

0 0.25 0.5 0.75 I

Fraction of clean supply
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Marginal cents/kVVh

12

9

Informational barriers, agency problems

cost
t Srivate
ApPO=

but you're actually here

Market should get you here .-

oSt =7 -
| privete. = .
Red ¥- - — Dirty =— Clean
0.25 0.5 0.75

Fraction of clean supply
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Marginal cents/kVWh

5.25

L ack of finance

Market should get you here

.75

but you're actually here

0.25 0.5 0.75

Fraction of clean supply
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GtCO,-efyr

Fig. 1. U.S. CO,-equivalent emissions for different technology scenarios absent a policy,

2005-2050.

Carbon price associated
with a 80% reduction in
US CO; emissions by

Kyle et al. (2009)
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Fig. 4. Total CO,-equivalent emissions by the U.S. with 203 and 167 Gt CO,-e policies
across six technology scenarios.
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Fig. 2. CO, emissions prices by technology scenario, for 203 and 167 Gt CO,-e U.S.

policies.
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167 Gt CO,-e policy

167 Gt CO,-e Policy - 2020
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REF

EE_167
RE_167

REF_167
NUCCS_167

167 Gt CO,-e Policy - 2050

EERE_167

ADV_167

L) T
I

| N

| A

1

\

600 120
= REF_167 /‘
500 - —a— NUCCS_167 100 -
---0---- EE_167
X
7 ~==-==- RE_167 80 -
B 401 o eeRe 167 A
s P -
o —— ADV_167 sl >
S 300 n &
™ "'i' lu
c
g 40 -
= 200
20 -
100 ==
U E
0 Ll
2020 2035 2050
Fig. 3. Annual policy costs by technology scenario, for 203 and 167 Gt CO,-e U.S. policies,
2005-2050. Policy costs are calculated as the area under the marginal abatement cost curve
for each time period.
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Cap-and-trade is a price mechanism with
quantity certainty

Traditional Approach: 30% Mandatory Reduction

Flexible Cap-and-Trade Approach

Plant A Plant B
afore: BX ng  Before: 400 tons
e Arcer: 200 1ors
e S00 16 v
S | I B |

180 tons 120 tons 100 tons 200 tons
reduced reduced reduced reduced
Total Emissions Reduced: 300 tons Total Emissions Reduced: 300 tons
Cost to Reduce: $12,000 Cost to Reduce: $9,000
UCS

http://climatelab.org/Cap_and_Trade
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What is the current state of
national and global energy policy!?
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House Vote On Passage: H.R. 2454 [111th]: American
Clean Energy and Security Act of 2009

Number: House Vote #477 in 2009 [primary source: house.gov]
Date: Jun 26, 2009 7:17PM
Result: Passed

Bill: [{? H.R. 2454 [111th]: American Clean Energy and Security Act of 2009
VOTE OVERVIEW
Totals Democrats Republicans Independents
Needed To Wi
Aye: 219 (50%) 1 cefed o 210 8 0
No: 212 (49%) 43 169 0
Present: o0 (0%) 0 0 0
Not Voting: 3 (1%) 1 2 0

Required: Simple Majority of 431 votes (=216

votes) e ‘
\ 4

(Vacancies in Congress will affect vote
totals.)

http://www.govtrack.us/congress/vote.xpd?vote=h2009-477

IATR N Not Voting
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One year later... (July 2010)

Senate Action on Cloture Motions

2008: Demosratic control of White House and Ce

Where do they stand?

E 1993 - 1994 Democratic “i?‘f(f-‘".':f.n“ hite House and Congress '
) ‘ |
l'— l
1975: Senate changes filibuster reles, roducing n wr / \
of votes meoded for cloture from 67 o 60 / ¥

‘, R

L ol

:/ ‘ll l‘

talkingpointsmemo.com
I

POLITICO breaks down the positions of senators working on a comprehensive energy and
climate change bill. The projections are for cloture to end the debate, or final passage on
legislation that includes a mandatory cap on greenhouse gas emissions. Rankings are based on

interviews and public statements from senators, as well as their past votes and analysis from

experts on climate and energy policy.

AT A GLANCE: Cloture breakdown as of July 16
B Probably No [l No

B Yes [ Probably Yes On the fence

59 Dems, 41 GOP total in Senate — 60 votes needed to break cloture under the post-2008 “new normal”

47 Dems “yes” or “probably yes”
6 Dems “on the fence”: Conrad (D-ND), Landrieu (D-LA), Levin (D-MI), McCaskill (D-MO), Pryor (D-AR),Webb (D-VA)
5 Dems “probably no”: Bayh (D-IN), Dorgan (D-ND), Goodwin (D-WYV), Lincoln (D-AR), Rockefeller (D-WYV)

| Dem “no”: Nelson (D-NE)

2 GOP “probably yes”: Collins (R-ME), Snowe (R-ME)
4 GOP “on the fence”: Brown (R-MA), Graham (R-SC), Gregg (R-NH), LeMieux (R-FL)

35 GOP “no” or ‘“probably no”
http://www.politico.com/energy-climate-whip-count/
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State of the Union, January 201 |

93

“Now, clean energy breakthroughs will
only translate into clean energy jobs if
businesses know there will be a market
for what they're selling. So tonight, |
challenge you to join me in
setting a new goal: By 2035, 80
percent of America’'s electricity
will come from clean energy
sources. Some folks want wind and
solar. Others want nuclear, clean coal and
natural gas. To meet this goal, we will need
them all -- and | urge Democrats and
Republicans to work together to make it
happen.”



U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

@IREC «1'P

INTERSTATE RENEWABLE ENERGY COUNCIL SOLAR CENTER

RPS Policies

www.dsireusa.org / January 2012

, , ME: 30% x 2000
. VT: (1) RE meets any increase in .
WA: 15% x 2020* MN: 25% x 2025 retail sales x 2012; New RE: 10% x 2017
MT: 15% x 2015 Xcel: 30% x 2020 (2) 20% RE & CHP x 2017 NH: 23.8% x 2025
( )
OR: 25% Xx 2025 (large utilities)* ND: 10% x 2015 MI: 10% & 1,100 MW ‘ MA: 22.1% x 2020
5% - 10% x 2025 (smaller utilities x 2015* » Ne))" RE: 15% x 2020
o : ‘33 (+1% annually thereafter)
SD: 10% x 2015 WI: Varies by utility; Y | RI: 16% x 2020

~10% x 2015 statewide NY: 29% x 2015

NV: 25% x 2025* [| CO: 30% by 2020 (10Us . CT: 27% x 2020
- 10% by 2020 (co-!ps& Iarge(munis))* IA: 105 MW N OH: 25% x 20251 /
,. (‘ & PA: ~18% x 2021t ()
o e IL: 25% x 2025
- ' IN: 15% x 2025+ WV: 25% X 2023*1' NJ: 20.38% RE x 2021
CA: 33% x 2020 | 1. 59, by 2025+ KS: 20% x 2020 % : = VA: 15% x 2025* + 5,316 GWh solar x 2026
MO: 15% x 2021 3 MD: 20% x 2022 (‘
- AZ: 15% x 2025 e 5 -
A - OK: 15% x 2015_ | NC: 12.5% x 2021 (10Us) DE: 25% x 2026*
N ; 3 NM: 20% x 2020 (IOUs) 10% x 2018 (co-ops & munis) S E 300 —
10% x 2020 (co-ops) : oX a
‘ !

HI: 40% x 2030
(‘ o gvr?
. Renewable portfolio standard = Minimum solar or customer-sited requirement

. Renewable portfolio goal
a Solar water heating eligible

Extra credit for solar or customer-sited renewables

+ 3

Includes non-renewable alternative resources
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EIA Analysis of Bingaman CES Proposal, Nov. 201 |

Figure 1. Total Net Electricity Generation
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Source: U.S. EnergyInformation Admnistration. National Energy Modelng System, runs refhall d082611b and
cesbingbkd100611a

Figure 3. Electricity Sector Carbon Dioxide Emissions
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Figure 2. Total Non-Hydroelectric Renewable Generation
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Source. U.S.Energyinformation Admnistration. NationalEnergy Modeing System, runs refhal.d082611b and
cesbingbk d100511a

http://www.eia.gov/analysis/requests/ces_bingaman/
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United Nations
Sept. 22,2009

“We're making our government's largest ever investment in renewable energy — an investment aimed at doubling the
generating capacity from wind and other renewable resources in three years. Across America, entrepreneurs are constructing wind
turbines and solar panels and batteries for hybrid cars with the help of loan guarantees and tax credits — projects that are
creating new jobs and new industries. We're investing billions to cut energy waste in our homes, buildings, and appliances —
helping American families save money on energy bills in the process. We've proposed the very first national policy aimed at
both increasing fuel economy and reducing greenhouse gas pollution for all new cars and trucks — a standard that will also
save consumers money and our nation oil. We're moving forward with our nation's first offshore wind energy projects. We're
investing billions to capture carbon pollution so that we can clean up our coal plants. Just this week, we announced that for
the first time ever, we'll begin tracking how much greenhouse gas pollution is being emitted throughout the country. Later
this week, I will work with my colleagues at the G20 to phase out fossil fuel subsidies so that we can better address our
climate challenge. And already, we know that the recent drop in overall U.S. emissions is due in part to steps that promote
greater efficiency and greater use of renewable energy.

“Most importantly, the House of Representatives passed an energy and climate bill in June that would finally make clean
energy the profitable kind of energy for American businesses and dramatically reduce greenhouse gas emissions. One committee
has already acted on this bill in the Senate and I look forward to engaging with others as we move forward.”
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Recovery Act Investments at DOE

— DOE Clean Energy R&D
— DOE Clean Energy Deployment

http://belfercenter.ksg.harvard.edu

1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012*

2011 and 2012 data are estimates based on overall reductions from budget request.
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Recovery Act Investments at DOE

— DOE Clean Energy R&D
— DOE Clean Energy Deployment

N\

Largest Deployment Investments:

Grants

* Weatherization Program

e State Block Grants

e EE and Conservation Block Grants
e Smart Grid Investment Grants

Loans
* Advanced Technology Vehicle Manufacturing Loans
e Section 1705 Temporary Loan Guarantee Program

SN AV

http://belfercenter.ksg.harvard.edu

1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012*

2011 and 2012 data are estimates based on overall reductions from budget request.
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i)

ey American Recovery and Reinvestment Act

U.S. DEPARTMENT OF ENERGY ¢ NEW JERSEY RECOVERY ACT SNAPSHOT

Funding for selected DOE projects: $350.4 million

DOE Recovery Act projects in New Jersey: 107/
Clean energy tax credits and grants: 59

For total Recovery Act jobs numbers in New Jersey go
to www.recovery.gov

New Jersey has substantial natural resources, including wind
and biomass. The American Recovery & Reinvestment Act
(ARRA) is making a meaningful down payment on the nation’s
energy and environmental future. The Recovery Act
investments in New Jersey are supporting a broad range of
clean energy projects, from energy efficiency and the smart grid
to alternative fuels and vehicles, as well as the Princeton Plasma
Physics Laboratory in Plainsboro. Through these investments,
New Jersey’s businesses, universities, non-profits, and local
governments are creating quality jobs today and positioning
New Jersey to play an important role in the new energy

EXAMPLES OF NEW JERSEY FORMULA GRANTS

State Energy

Weatherization Assistance

economy of the future.

Energy Efficiency

Energy Efficiency Appliance

e Program Program Conservation Block Grants Rebate Program
Award
(i:v::illions) $73'6 $118'8 S75-5 $8,3

The New Jersey
Department of
Treasury has received
$73.6 million in State
Energy Program funds
to invest in state-level
energy efficiency and
renewable energy
priorities.

The State of New Jersey has
received $118.8 million in
Weatherization Assistance
Program funds to scale-up
existing weatherization efforts in
the state, creating jobs, reducing
carbon emissions, and saving
money for New Jersey’s low-
income families. Over the course
of the Recovery Act, New Jersey
expects to weatherize nearly
13,400 homes. The program also
includes workforce training and
education as part of the state’s
efforts to develop a green
workforce.

Seventy-six communities
in New Jersey have
received a total of $75.5
million for Energy
Efficiency and
Conservation Block
Grants (EECBG) to
develop, promote,
implement, and manage
local energy efficiency
programs.

The New Jersey
Department of Treasury
has received $8.3 million
for the Energy Efficient
Appliance Rebate Program,
which offers consumer
rebates for purchasing
certain ENERGY STAR®
appliances. These energy
efficient appliances reduce
energy use and save
money for families, while
helping the environment
and supporting the local
economy.

EXAMPLES OF NEW JERSEY COMPETITIVE GRANTS AND TAX CREDITS

Award

$26.8 million

New Jersey received
fifty-eight 1603
payments for
renewable energy
generation totaling
$26.8 million, which
include solar and
combined heat and
power projects.

$18.7 million

Atlantic City Electric
Company was awarded a
Smart Grid Investment
Grant for $18.7 million to
take the lead in installing
25,000 direct load control
devices and deploy
communications and grid
monitoring infrastructure
across New Jersey.

$15 million

The New Jersey Clean Cities
Coalition was awarded $15
million under the Clean
Cities Alternative Fuel
Vehicle (AFV) Grant Program
to deploy more than 225
compressed natural gas
(CNG) vehicles and develop
four CNG fueling sites.

S7 million

Princeton University was
awarded $7 million for National
Spherical Torus Experiment
(NSTX) Facility Upgrades. The
funds will be used to upgrade key
components of the experiment,
accelerating advancement of
understanding in plasma and
fusion technologies.

www.energy.gov/recovery
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UNFCCC Timeline

June 12, 1992
UNFCCC became
open for countries to
sign after convention
in Rio de Janeiro. By

UN%ecembleR 1990bl doing this, they "non-
: hegera t,ssf,m ¥ bindingly” committed October 7, 1992 March 21, 1994
"‘“;“C e % '°“-‘;l°“ to reduce their Consent in the UNFCCC entered
b oo individual Senate was into force after February 16,
l!):ecome thc:( lémted Niatlons contributions to R o receiving 2005
ramewor onvention on greenhouse gas 2/3 vote ratifications from Kyotoe Protocol
Climate Change E0 coantrias enters into force.

May 1992 September 8, October 13, 1992 December 11, 1997 NOW
International 1992 Treaty signed by Kyoto Protocol 194 countries have
Negotiation President George President Bush adopted ratified UNFCCC
Committee [INC) was Bush submitted
created to assist in proposal to ratify
the formation of UNFCCC Treaty
negotiations to Senate

http://gcc.aos.ecu.edu/fall-20 1 0/country-expert-talks/india/ 99
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Wikipedia
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Objectives of Copenhagen Accord, as
reflected in 2010 Cancun Agreements

* Establish clear objectives for reducing human-generated
greenhouse gas emissions over time to keep the global
average temperature rise below two degrees

* Encourage the participation of all countries in
reducing these emissions, in accordance with each country’s
different responsibilities and capabilities to do so

* Ensure the international transparency of the actions
which are taken by countries and ensure that global progress
towards the long-term goal is reviewed in a timely way

* Mobilize the development and transfer of clean
technology to boost efforts to address climate change,
getting it to the right place at the right time and for the best
effect

* Mobilize and provide scaled-up funds in the short

Annex [ Parties Quantified economy-wide emissions targets for 2020 : :
SR e e T e and long term.to ena.ble developing countries to take
United States of America In the range of 17%, in 2005 greater and effectlve action

conformity with anticipated U.S.
energy and climate legislation,

will be reported to the Secretariat world to adapt to the inevitable impacts of climate change

in light of enacted legislation. [1]

[1] The pathway set forth in pending legislation would entail a 30% reduction in 2025 and a 42% e Protect the world’s forests, which area m ajOr
reduction in 2030, in line with the goal to reduce emissions 83% by 2050. )
repository of carbon

* Build up global capacity, especially in developing
countries, to meet the overall challenge

* Establish effective institutions and systems which
will ensure these objectives are implemented
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