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Without data
you're just
another person

with an opinion.

Today, we debate philosophical positions.....

....supported by anecdotes.
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http://startupquotes.startupvitamins.com/post/101859447773/without-data-youre-just-another-person-with-an

Energy Policy = Choice of Fuel(s)
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Basic Comparisons

Population - July 2015 est
Population Growth Rate

Area - km®
GDP - Purchasing Power Parity (Strillion)

Installed Generating Capacity GW
% of World at 5,291 GW

Electric Production TWh

Electric Consumption TWh
Aggregate Load Factor

Natural Gas Production - BCM
Natural Gas Consumption - BCM

Refined Petroleum Products Production - mmbbl/d
Refined Petroleum Products Consumption - mmbbl/d

Coal Production - Million Tonnes Oil Equivalent
Coal Consumption - Million Tonnes QOil Equivalent

China USA India Japan Germany Russia
1,367,485,388 321,368,864 1,251,695,584 126,919,659 80,854,408 142,423,773
0.45% 0.78% 1.22% -0.16% -0.17% -0.04%
9,596,960 9,826,675 3,287,263 377,915 357,022 17,098,242
194 17.6 8.0 4.8 3.8 3.7
1,505 1,063 255 293 177 242
28% 20% 5% 6% 3% 5%
5,650 4,048 1,052 966 585 1,064
5,523 3,832 865 921 540 1,065
42.9% 43.5% 47.1% 37.6% 37.7% 50.2%
121.5 782.2 31.7 4.7 10.1 578.7
180.4 759.4 50.6 134.3 77.5 409.2
9.9 19.1 4.4 3.3 2.2 6.1
10.5 19.0 3.7 4.3 2.4 2.8
1827.0 455.2 283.9 0.7 42.9 184.5
1920.4 396.3 407.2 119.4 78.3 88.7

Source: CIA World Factbook

b ase World Total Installed Electrical Generating Capacity 5,291 GW
- e

“Practical Strategies for Emerging Energy Technologies™ | Ps.......

Total Value of Outstanding Student Loans - $1.3 trillion
U.S. health care cost 2014 - $3.0 trillion
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World Energy Consumption Mtoe 131473 Mtoe = 521, 3Quads

Natural Nuclear Hydro Renew - Percent of
Million tonnes oil equivalent Qil Gas Coal Energy electric ables Total 2015 Total
us 851.6 713.6 396.3 189.9 57.4 71.7  2280.6 17.3% U.s.
Canada 100.3 92.2 19.8 23.6 86.7 7.3 329.9 25%| | —3.0% Renewables
Mexico 84.3 74.9 12.8 26 6.8 35 185.0 1.4%| | )
Total North America 1036.3 880.7 429.0 216.1 150.9 82.6 27955 (21.3%)) 2.5% Hyd =
Brazil 137.3 36.8 17.4 33 81.7 16.3 292.8 2.2%
Total S. & Cent. America 322.7 157.3 37.1 5.0 152.9 24.2 699.3 5.3%

0.0%
France 76.1 35.1 8.7 99.0 12.2 7.9 239.0 1.8%
Germany 110.2 67.2 78.3 20.7 44 40.0 320.6 2.4% Renewables
ltaly 59.3 55.3 12.4 - 9.9 147 1517 12%| | —Germany 12.5%
Rus§|an Federation 143.0 352.3 88.7 44.2 38.5 0.1 666.8 5.1% _ Spain 115%
Spain 60.5 24.8 14.4 12.9 6.3 15.4 134.4 1.0%
Turkey 38.8 39.2 34.4 - 15.1 3.8 131.3 1.0%
Ukraine 8.4 25.9 29.2 19.8 1.4 0.3 85.1 0.6%| | Nuclear
United Kingdom 71.6 61.4 23.4 15.9 1.4 17.4 191.2 1.5% o
Total Europe & Eurasia 862.2 903.1 467.9 264.0 194.4 1428 28344 (7reny| — France 41.4%
Iran 88.9 172.1 1.2 0.8 4.1 0.1 267.2 2.0%
Saudi Arabia 168.1 95.8 0.1 - - n 264.0 2.0%
Other Middle East 83.3 45.4 0.8 - 1.8 0.1 131.4 1.0%
Total Middle East 425.7 441.2 10.5 0.8 5.9 0.5 884.7 6.7%
South Africa 31.1 45 85.0 2.4 0.2 1.0 124.2 0.9%
Other Africa 93.5 39.2 11.0 - 23.8 2.4 169.9 1.3%
Total Africa 183.0 121.9 96.9 2.4 27.0 3.8 435.0 3.3%
Australia 46.2 30.9 46.6 ; 31 45 1314 10| | Asia Pacific
China 559.7 177.6 1920.4 38.6 254.9 62.7  3014.0 22.9% Represents
India 1955 455 407.2 8.6 28.1 155 700.5 5.3% o
Indonesia 735 35.8 80.3 - 3.6 2.4 195.6 1.5% 72.9% of
Japan 189.6 102.1 119.4 1.0 21.9 145 4485 3.4% Coal
South Korea 113.7 39.2 84.5 37.3 0.7 1.6 276.9 % Consumption
Total Asia Pacific 1501.4 631.0 2798.5 94.9 361.9 1109 54985 41.8%
Total World 4331.3 3135.2 : 100.0%
32.9% 23.8% ) 100.0%
: e
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World Total Primary Energy Consumption - Quads

World total primary energy consumption by region, Reference case
(Quadrillion Btu)
Growth Rate
Region/Country 2008 2011 2015 2020 2025 2030 2035 | (2008-2035)
OECD
OECD Americas 1229 1213 1261 131 1359 1416  147.7 0.70% USA~100
United States 100.1 98.3 102 1049 108 111 114.2 0.50% Quad S
Canada 143 143 14.6 15.7 16.4 17.6 18.8 1.00%
Mexico/Chile 85 87 9.5 10.4 11.5 13 14.7 2.10%
OECD Europe 82.2 80.8 83.6 86.9 89.7 91.8 93.8 0.50%
OECD Asia 39.2 387 40.7 42.7 44.2 45.4 46.7 0.70%
Japan 224 212 22.2 23.2 23.7 23.7 23.8 0.20%
South Korea 10 10.4 11.1 11.6 12.4 13.1 13.9 1.20%
Australia/New Zealand 68 7.1 7.4 7.8 8.1 8.5 8.9 1.00%
Total OECD 2443 2407 2504  260.6  269.8 2787  288.2 0.60%
Non-OECD
Non-OECD Europe and Eurasia | 50.5 49.7 51.4 52.3 54 56 58.4 0.50%
Russia 306 30.2 311 313 32.3 33.7 35.5 0.60%
Other 19.9 19.5 20.4 21 21.7 22.3 22.9 0.50%
Non-OECD Asia 137.9 163.6  188.1 215 2464 2743 2988 2.90% " Note ~3%
China 86.2 107 1242 1406 1609 1779 1914 3.00%
India 211 244 278 331 389 443 492 320% [ Growth
Other 307 322 36.2 41.3 46.7 52.1 58.2 2.40% Rate
Middle East 256 28.4 31 33.9 37.3 413 45.3 2.10%
Africa 188 20 21.5 23.6 25.9 28.5 314 1.90%
Central and South America 27.7 28.7 31 34.2 38 42.6 47.8 2.00%
Brazil 12.7 13.8 15.5 17.3 19.9 23.2 26.9 2.80%
Other 15 149 15.6 16.9 18.1 19.5 20.8 1.20%
Total Non-OECD 260.5 290.4 323.1 3589 4017 4428 4816 2.30% overall
b Total World 5047 5312 5735 6195 67.5 7215  769.8 1.60% 1.6%
® aS e e Growth
111 H H - - L2 ] Rate
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U.S. Energy Flow - 97.5 Quads

Estimated U.S. Energy Consumption in 2015: 97.5 Quads ug hg‘{l\!g?{;?e&ggf_gtﬂo%e

Net Electricity 0.08

Impons
Solar 0.25
0.532

126 33.0%
Electricity
Nuclear Generation
8.34 38.0 254
Hydro Rejected
i 3.95 nergy
. Residential 51
Wind 11.3 :
1.82 ; /0.45 0.98 | ".I 7.33
| 64.9%0° 60.6%
Geothermal / ", I'-\ .
0.224 . / Ilu L \ - 3-05
- 8.7

[ . 3.3 X JCRE] y I'. 1 5.66

| 65.0%

- 491

Industrial '
24,6 . Energy
14.8 Services
384

39.4%

Transportation
277

5.81
21.0%

Petroleum

354

60+% of the energy we consume is
rejected as waste heat
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Where Does CO, Come From?
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CO, Equivalent Emissions — by Gas 1990-2013

Figure ES-1: U.S. Greenhouse Gas Emissions by Gas
Note: Emissions values are presented in CO2 equivalent mass units using IPCC AR4 GWP values.
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CO, Emission from Electric Power

Electric power sector carbon dioxide emissions,

1990, 2005, 2008, and 2009

Figure 15. U.5. electric power sector energy sales and
losses and carbon dioxide emissions from primary

1990 2005 2008 2009 fuel combustion, 1990-2009
Estimated emissions indiece, 2000 = 100
{million metric tons) 1.8310 24189 23737 21603 120
Change from 1990 110 Power sector sales
{million metric tons) 585.8 27 3283
{parcent) 320%  Z96%  18.0% 100
Average annual change o0 Power secior losses
from 1990 (percent) 1.9% 1.5% 0.9%
A
Change from 2005 80 missns
{million metric tons) 431 -258.5
(percent} 1.8% -10.6% 1930 18@5 2000 2005 2008
Change from 2008 38.5%
{million metric tons) -213.4 from
(percent) -9.0% - .
P 7 Fossil Fuel
*
Table 12. U.S. carbon dioxide emissions from eleciyic power sector energy consumption, 1990-2009 “a" PowerGen
(million metric tons carbon dioxide) ““’
*

Fuel 1990 1995 2000 2003 2004 2005 2006 2007 ZQDG‘ 2009
Petroleum "“‘

Residual fuel oil 0.6 446 65.6 635 60.3 8a.1 8.4 "351».3‘ 12.9 14.3

*
Diistillate fuel oil 71 T8 128 11.8 &1 54 54 “"‘ 8.5 53 a1
\d

Petroleumn coke = | B2 10.1 17.8 227 244 ‘21‘.‘8 175 157 14.2
Petroleurn subtotal 104.8 BO.T 91.5 98 1 1039 023 “" L4 553 4000 336
Coal 1,547 .8 1.6880.7 1.827.4 1.831.0 18431 1.853.7 1.8873 1,850.4 17422
Matural gas 176.5 2282 28048 2783 206.8 -’&m~-&?l} 3823 A7r2a

———

Municipal solid waste® 5.3 10.0 10.1 114 11.2 1.2 115 1.3 fz~-<awgy 2,302.9 (2.3Gt)
Geothermal 0.4 03 04 0.4 0.4 0.4 04 04 0.4 0.4 total in 2005
Total 1,830 19601 23102 23192 23515 24165 23595 24359 23737 21603

*Emissions from nonbiogenic sources, including fuels derived from recycled tires.
Motes: Emissions for total fuel consumption are allocated to end-use sectors in proportion to electricity sales. Totals may not equal sum of components

due to independent rounding.
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2005 @ 2416 Mt (2.416 Gt) is benchmark
for CPP(until EPA changes it again)




EPA Clean Power Plan - 2015

2030

O&G Resource

Ref Case

@bama 2015?

High OGR

2005 Ref
AEO2015
CPP
CPPEXT

Economic Growth

AEO2015
CPP

Ref Case High EG
2416
2177 2262
1596 1727
1553
1643
2089 2171
1606 1738

2040

O&G Resource

Ref Case
2005 Ref
AEO2015
CPP
CPPEXT

High OGR
AE02015
CPP

Economic Growth

Ref Case High EG
2416
2195 2266
1691 1827
1329
2179 2249
1701 1838

base,
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What does that really mean?
It’s time for those pesky numbers again!
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World Energy Consumption - Quads

Non-OECD nations drive the increase in total energy use
world energy consumption
quadrillion Btu

600 History 20.12 Projections
500 —
+2.0% 65%
Nen-CECD
400 Share of !
total energy —» 57/%: 359%
300 : +0.9% pa A\
200 _ _— 43% |
100 |
0 1 L) I 1 1 1
1990 2000 2010 2020 2030 2040

Source: EIA, International Energy Outlook 2016

Adam Sieminski, Center for Strafegic and International Studies

Clad" ' may 11, 2016
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Fuel Mix 2040

Renewables, natural gas, and coal all contribute roughly the same
amount of global net electricity generation in 2040

world net electricity generation by source
trillion kilowatthours

40

Muclear

30

Other renewables

Hydropower

2025 2030 2035 2040

""-"";} Adam Sieminski, Center for Strategic and International Studies

1/3

1/3

1/3

Cla’" | May 11, 2016
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Non-OECD Asia Accounts for 55% of Increase

Non-OECD Asia accounts for 55% of the world increase in energy use

world energy consumption
quadrillion Btu

900

~820 Quads

Mon-OECD Asia

QOther non-OECD

QECD

2012 2015 2040

Source: ElA, International Energy Outlook 2016

Z=N | Adam Sieminski, Center for Strategic and Inferational Studies
Cla’ | May 11, 2016
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Projected CO2e Decline to 52.9 kg/mmBtu in 2040

Projected carbon mtensity of energy use (CO2/E) declines through 2040
mn both OECD and non-OECD; non-OECD CO2/E rose over 200012

carbon intensity of energy consumption, 1990-2040
kilograms CO2 per million Btu

70 History 2012 Projections

(0.65 x 55) + (0.35 x 49) = 52.9 World Average kg-CO2/mmBtu

60
Non-OECD

4{} ) T T T T 1
1990 2000 2010 2020 2030 2040

Source: EIA, International Energy Outlook 2016

Adam Sieminski, Center for Strategic and Internafional Studies

Clad' | may 11, 2016
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Electric Power Generation Growth Rate

GDP drives electricity demand growth, but the electricity growth rate

compared to the GDP growth rate becomes smaller over time

world GDFP and net electncity generation
percent growth (rolling average of 3-year periods)

History 2012 Projections

9

/\\ (0.65 X 2%) + (0.35 x 1%) = +1.65% (1.4%) World Average

L7 -
7 ’-f “ ‘;' i‘
S "‘ ’ Vo
R \J \ Non-OECD GDP
') L]
- r ~ I
3 P OECD GDP ' *«.  Non-OECD electricity
el o -__ -“"--""'--
I‘ NN h e —— e ettt T ————
1 \.: ‘\‘fr ‘\t M’ﬂ‘-“'n_h _______________________________
- - " ‘
QECD electricity 1‘1 J{: \
v

1990 2000 2010 2020 2030 2040

Source: EIA, International Energy Outlook 2016
“= | Adam Sieminski, Center for Strategic and International Studies

cia' | may 11, 2016
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Energy Related CO2 Emissions

Coal remains the world’s largest source of energy-related CO2
emissions, but by 2040 1its share declines to 38%

world energy-related carbon dioxide emissions
billion metric tons (Gt)

0 - Share of

History ! Frojections
434Gl = = = = = e e e e e e - ————— - -
40 i
30
20
20%  Natural gas
10
36% | Liquid fuels
D 1
1980 2000 2010 2020 2030 2040

Source: ElA, International Energy Outlook 2016
#7=, | Adam Sieminski, Center for Strategic and International Studies

cia' | may 11, 2016
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Key Findings

IEOQ2016 Reference Case

World energy consumption increases from 549 quadrillion Btu in 2012 to 629
quadrillion Btu in 2020 and then to 815 quadrillion Btu in 2040, a 48% increase
(1.4%/year). Non-OECD Asia (including China and India) account for more than
half of the increase.

The industrial sector continues to account for the largest share of delivered
energy consumption; the world industrial sector still consumes over half of global
delivered energy in 2040.

Renewable energy is the world’s fastest-growing energy source, increasing by
2.6%l/year; nuclear energy grows by 2.3%/year, from 4% of the global total in
2012 to 6% in 2040.

Fossil fuels continue to supply more than three-fourths of world energy use in
2040.

Among the fossil fuels, natural gas grows the fastest. Coal use plateaus in
the mid-term as China shifts from energy-intensive industries to services and
worldwide policies to limit coal use intensify. By 2030, natural gas surpasses
coal as the world’s second largest energy source.

In 2012, coal provided 40% of the world’s total net electricity generation. By
2040, coal, natural gas, and renewable energy sources provide roughly
equal shares (28-29%) of world generation.

With current policies and regulations, worldwide energy-related carbon
dioxide emissions rise from about 32 billion metric tons in 2012 to 36 billion
metric tons in 2020 and then to 43 billion metric tons in 2040, a 34%
increase.

May 11, 2016

b aS e L@ l Adam Sieminski, Center for Strategic and international Studies
c g =
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820 Quads = 43.4Gt CO2e in 2040

Renewables grow fastest, coal use plateaus, natural gas surpasses coal
by 2030, and o1l maintains its leading share
world energy consumption 820 x10%5 Btu x 52.9kg/10° Btu x 1t/kg x1Gt/10° t = 43.4Gt in 2040

quadrillion Btu

250 History 2012 Projections 248

' 30%
' Petroleum and other liquid fuels
200 Share of ; 2% | 212

total energy —» 33% — / =
T i US, OPP 180
""" =TT Coalwith US. CPP 22%

150 ————— 28%-
I Renewableswith ~  ___oo== 17% | 135
. 16%
100 737 I ———
Mml gas ’ Renewables
%0 — 12%; 6% | 45
— Nuclear 40
4%
0 T T T } T T 1 820 Quads
1990 2000 2010 2020 2030 2040

Source: EIA, International Energy Outlook 2016 and EIA, Analysis of the Impacts of the Clean Power Plan (May 2015

Adam Sieminski, Center for Strategic and Infernational Studies

Cld" | may 11, 2016

b aS ee 2015 =521.3 Quads
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World Energy Consumption IEA IEO2016

World energy consumption by source, 1990-2040
guadrillion Btu 2012 I 2015 2040
250 history | prdjections liquid fuels | 171.7 248.0
200 natural gas | 124.3 212.0
I — coal 152.3 180.0
160 I
renewables 499 135.0
100 I
|
2] - 1 nuclear 23.1 45.0
ﬂ I-_ T T T T II T T T T 1 -
1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 eia' | 5213  820.0
Source: EIA International Energy Outlook 2016
Much of the analysis conducted for the IEO2016 was done before R
the release of the U.S. Environmental Protection Agency's final
Clean Power Plan (CPP). For this reason, the IEO2016 Reference oo
case does not include the potential effects of the CPP regulations e 200818
in the United States, analysis that shows the potential for RE—
significant reductions in U.S. coal consumption and increases in e
U.S. renewable consumption compared with the Reference case o
projection. "
0%
Energy in 2015: A Year of Plenty -
Spencer Dale — BP June 8, 2016 Warld  OFCD Chins | Cther
o aS ee BP Statistical Review of World Energy 2015
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2040/2015
+44.4%

+70.5%
+18.2%
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+57.3%
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What’s Our Target?
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What does “450 ppm(v) CO,” Mean?

~

July 1958 - July 2016 RN Molecular
~
- ~
Atmospher'c C02 ‘~\\ Ratio compared to Dry Air (%) Mass Chemical
Gas h N -M - Symbol
-g- July CO; | Year Over Year Mauna Loa Ohervalory By volume By weight (kg/kmol)
&’ (e IR X Oxygen 20.9500 232 32.00 0,
S mmmmmmmmmmmm4wmmmm‘,f _
O July 2016 404.39 ' ’...’ Nitrogen 78.0900 75.47 28.02 N,
2 o® Carbon Dioxide .o 0300 0.046 44,01 Cco
= Eed . . .
o July 2015 401.31 & 2
g e g Hydrogen 0.0001 ~0 2.02 H,
L
£ July 2014 309.04 e Argon 0.9330 1.28 39.94 At
M 25N 25N 26N 26N 26N A0 I5AAEN Acn 26N 250 250
:E ' 00'. Neon 0.0018 0.0012 20.18 Ne
S P
£ Helium 0.0005 0.00007 4.00 He
-E-’ Krypton 0.0001 0.0003 83.80 Kr
b “M yp i
3 Xenon 910° 0.00004 131.29 Xe
S 1955 1960 1945 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
Q

Standard assumptions on the chemical
composition of Air

C02 ) earth Featuring NOAA-ESRL data of August 5, 2016

0.0300% = 300 ppm(v)

Value July 2016 at Mauna Loa was

404.30ppm(V)
base,
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This 1s the ““Science Bit”

(A) Risks from climate change... (B) ..

Figure SPM.10,
A reader’s guide

From climate change risk

to GHG emissions

& 2o 5 o |
A= B q\é&\\é@ \@Q’b&~®&é ‘??é(\ ’ C1u(r)1?t?lativ2eot(t):(:alai’i(w)rgpugenic CO, emissions
This is the LS S | : .
o & o & S 1
2°C/450ppm trajectory | & & & o & ,_ 100 ' -
W @ @ = I [
& %.(_6 N & & Sz 1 1
& & & 235 | i
A N Eoc 59 4 <
® = S g : 720-1000 *
Level of additional .2 £ 5 i =801720
. . o = k= 538-580
risk due to climate S g g b
change (see box 2.4) § ® s “g“ | 1
L B
Very high 55 50--&—2----%
High é R T g 430-480
= ©
~
Moderate S =
—100 H
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=

n temperature change
o preindustrial levels)

|
w

b 5 e e e e 1ﬁ 530-580

(°C relative

b e e ot e - — -
7]

.depend on cumulative CO, emissions...

baselines

720-1000

580-720

430%180

— 1 1
1

This |s the “Science Bit”

™
observed 2000%

Undetectable

||

1

1
t + 4 + !
4000 5000 6000 7000 8000

from 1870 (GtCO,)

7)

baselines

no e relative to 2010

We are on this
trajectory

(©) ...which in turn depend on annual
emissions over the next decades




The CO, Budget — 65% Already Used

Amount
Remaining:

1000

Total Carbon A

Budget:

2900
GtCO2

Amount Used
1870-2011:

1900
GtCO2

AR5 WGI SPM

Intergovernmental Panel on Climate Change - IPCC AR5

2015 CO2 Emissions ~34Gt Worldwide
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The Carbon Conundrum

The Carbon Capture
Conundrum

Climate strategists are counting on
carbon capture and storage. But can
the technology meet its deadlines?

A3AGT 1 i i i i s i i i i e e A e e e

2009
31 gigatons
emitted

2020
IEA's
CCS target:
0.2 gigatons

2030

Emission rqlduciions
that could dome from
efficiency
increased use of low-

IEA's

1990 CCS target: 1
22 gigatons 1.9 gigatons 1
emitted 1
1

1

1

1

o 1

Global CO, emissions and three 1
projections for the future 1
Source: International Energy Agency :
1

1

'an ‘00 10 20 30

50

Current trajectory

58 gigatons

This projection assumes
that essentially no
action is taken to
address climate change.
Models predict a long-
term global temperature
rise of 6 °C in such a
scenario

Global pledges
40 gigatons

If countries make good
on their pledges to
reduce emissions, the
projected trajectory is
much less steep. Mod-
els suggest a long-term
global temperature rise
of 4 °C,

Target
16 gigatons

Models associate this
trajectory with a long-
term global temperature
rise no higher than 2 °C.
That has been a long-
standing goal in climate
change negotiations.

Scenarios and CCS
targets for the three
highest-emitting
countries (in gigatons)

China 180
120
41

'S0 50
India 74
e 53

U.S. target to sustain
2°C/450ppmv is
1.3Gt .....

..... a reduction of
4.7 Gt from 2005
value of 6.0Gt
(5.996)

38.5% of 4.7 Gt
requires a “fair
share” reduction of
1.8-2.0 Gt from
fossil fuel
PowerGen

To a level of 0.5Gt

MIT Technology Review — Mike Orcott
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“Busted”

At least the CIA forecast appears to be a candid assessment©

& >1.000 ppm CO.eq o R PS5
100+ (172 scenarics, RCPE.S) E =3 2-54°C

g 720-1.000 ppm : Relative to
{148 scenarios, RCP&) :_...-—-"" 1850 - 1900

4 | . 580-720 ppm
;:u 80 (144 scenarios, RCP4.5)
L 480-580 ppm =
& (509 scenarios, no equivalent RﬁP :
A 60+ 430-480 ppm :
= (16 scenarios, RCP2.6) b _
B — —2Qldestimate 5 4 = A ——
E A iy o - =
o COP2L-302617_gifbmte
O z - :
g 20y .
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0 t ~
| | - ——-—-‘L—- —." RCP2.&
Met-negativg global emissions a 0D9-2.3°C
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1980 2000 2020 2040 2060 2080 2100
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COP21 & Supporting INDC’s

0— ' ,

INlustrative

60

Greenhouse gas emissions (GtCO,eq/yr GWP—100 AR4)

—_
o
I

. = 3% gReductionshe\owreferencescenariosduetoIN{]Estrnedian]
L | 20%

INDC - Intended Nationally
Determined Contributions

30 -
Nap,
log
F P E
20 St g
L (g,
L (1] High Cancun pledge scenarios until 2030 with const. policy thereafter (n = 31; Ampere HST P3 in IPCC ARS scenario database) aef;fbi

L Ranges: Min/max of conditional & unconditional INDC ranges, globally aggregated

max € Delay-2020 (P2) scenarios with >66% likelihood of staying below 2°C (n=6 from IPCC ARS scenario database)

B a0 © 'Immediate’ onset mitigation (P1) scenarios with >66% likelihood of staying below 2°C (n=14 from IPCC ARS scenario database)
L = I?"&quia“ 0 Delay-2030 (P3) scenarios with >50% likelihood of staying below 2°C {n=21 from IPCC ARS scenario database)

Illustrative difference between INDCs and 2°C mitigation scenarios (P1P2)
L  min € Delay-2020 (P2) scenarios with >50% likelihood of staying below 1.5°C by 2100 (median) (n=6 from scientific literature)

0 L | I |
b aS e 2000 2005 2010 2015 2020
- €

| | 1 |
2030 2035 2040 2045 2050
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EIA Energy Related CO, Forecast

Figure 36. Energv-related carbon dioxide emissions in
sit cases. 2000-2040 (million meiric tons)

Feferenoe

High Oil and Gas Resou
Low Ol Price

Projections

High Economic Growth -

High Cal Price

Low Economic Growth

base,

“High Water Mark” 8,250 History 2013
as basis for goal
8,000
YA
Vo
5,750 )
|
l |
5,500 !
: b
)
5,250 :
)
)
Nota Bene =.oco i
— |
1
0 }
2000 2005

2013 2020 2025 2030 2035 2040

Reference Case is:
“Business as
Usual™

There is no case
presented that
combines High
O&G Resource
with High
Economic Growth
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Worldwide CO, Emissions (Million metric tonnes)

CO2 Emissions (Million metric tonnes)

Share Share Growth
2010 2011 2012 2013 2015 2020 2025 2030 2035 2040 2015 2040  (2012-2040)
OECD
OECD Americas 6502 6558 6343 6467 6478 6569 6620 6675 6769 6887 19.3% 15.9% 0.30%
United States 5458 5483 5272 5404 5428 5499 5511 5514 5521 5549 16.2% 12.8% 0.20%
Canada 547 562 563 561 557 557 577 587 621 647 1.7% 1.5% 0.50%
Mexico/Chile 498 513 508 501 492 513 533 573 628 690 1.5% 1.6% 1.10%
OECD Europe 4247 4193 4124 3997 4054 4096 4170 4252 4317 4415 12.1% 10.2% 0.20%
OECD Asia 2190 2270 2322 2317 2335 2361 2388 2407 2460 2513 7.0% 5.8% 0.30%
Japan 1169 1185 1247 1245 1215 1176 1175 1159 1144 1111 3.6% 2.6% -0.40%
South Korea 577 642 639 641 685 734 742 761 803 850 2.0% 2.0% 1.00%
Australia/New Zealand 444 442 436 431 435 451 470 487 513 552 1.3% 1.3% 0.80%
Total OECD| 12939 13021 12790 12781 12867 13026 13178 13334 13547 13815 38.4% 32.0% 0.30%
Non-OECD
Non-OECD Europe and Eurasia 2717 2845 2938 2922 2832 2914 3038 3128 3198 3170 8.4% 7.3% 0.30%
Russia 1665 1695 1795 1818 1762 1814 1862 1897 1924 1864 5.3% 4.3% 0.10%
Other 1051 1150 1143 1105 1070 1100 1176 1231 1275 1306 3.2% 3.0% 0.50%
Non-OECD Asia 11005 11785 12195 12615 13201 14456 15505 16386 17482 18682 39.4% 43.2% 1.50%
China 7383 8119 8378 8760 9125 9861 10371 10636 10878 11051 27.2% 25.6% 1.00%
India 1624 1663 1778 1804 1932 2143 2394 2693 3161 3732 5.8% 8.6% 2.70%
Other 1998 2003 2038 2051 2144 2452 2740 3057 3443 3898 6.4% 9.0% 2.30%
Middle East 1732 1828 1894 1949 2090 2399 2608 2887 3171 3446 6.2% 8.0% 2.20%
Africa 1133 1120 1184 1187 1267 1438 1594 1760 1973 2239 3.8% 5.2% 2.30%
Central and South America 1215 1242 1271 1279 1282 1398 1509 1608 1725 1865 3.8% 4.3% 1.40%
Brazil 459 475 501 498 503 549 599 650 704 764 1.5% 1.8% 1.50%
Other 755 767 769 782 779 849 910 958 1021 1101 2.3% 2.5% 1.30%
Total Non-OECD| 17801 18818 19481 19952 20671 22605 24254 25769 27549 29402 61.6% 68.0% 1.50%
Total World| 30741 31839 32271 32733 33538 35631 37432 39103 41096 43217 | 100.0% 100.0% 1.00%

33.5 Gt 43.2 Gt
base,
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Reference Case EIA AEO2016 Forecast

CO2 (Gt) 2010 2011 2015 2020 2025 2030 2035 2036 2037 2038 2039 2040
OECD

OECD Americas 6.5 6.6 6.5 6.6 6.6 6.7 6.8 6.8 6.8 6.9 6.9 6.9
United States 5.5 5.5 5.4 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
Canada 0.5 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Mexico/Chile 0.5 0.5 0.5 0.5 0.5 0.6 0.6 0.6 0.7 0.7 0.7 0.7
OECD Europe 4.2 4.2 4.1 4.1 4.2 4.3 4.3 4.3 4.4 4.4 4.4 4.4
OECD Asia 6.5 2.3 2.3 2.4 2.4 2.4 2.5 2.5 2.5 2.5 2.5 2.5
Japan 1.2 1.2 1.2 1.2 1.2 1.2 1.1 1.1 11 11 1.1 11
South Korea 0.6 0.6 0.7 0.7 0.7 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Australia/New Zealand 0.4 0.4 0.4 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.6
Total OECD| 12.9 13.0 12.9 13.0 13.2 13.3 13.5 13.6 13.7 13.7 13.8 13.8

Non-OECD 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Non-OECD Europe and Eurasi{ 2.7 2.8 2.8 2.9 3.0 3.1 3.2 3.2 3.2 3.2 3.2 3.2
Russia 1.7 1.7 1.8 1.8 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9
Other 11 1.2 1.1 1.1 1.2 1.2 1.3 1.3 13 13 1.3 13
Non-OECD Asia 11.0 11.8 13.2 14.5 15.5 16.4 17.5 17.7 17.9 18.2 18.4 18.7
China 7.4 8.1 9.1 9.9 10.4 10.6 10.9 10.9 11.0 11.0 11.0 11.1
India 1.6 1.7 1.9 2.1 2.4 2.7 3.2 3.3 3.4 3.5 3.6 3.7
Other 2.0 2.0 2.1 2.5 2.7 3.1 3.4 3.5 3.6 3.7 3.8 3.9
Middle East 1.7 1.8 2.1 2.4 2.6 2.9 3.2 3.2 3.3 33 3.4 3.4
Africa 1.1 11 1.3 1.4 1.6 1.8 2.0 2.0 2.1 2.1 2.2 2.2
Central and South America 1.2 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.8 1.8 1.8 1.9
Brazil 0.5 0.5 0.5 0.5 0.6 0.7 0.7 0.7 0.7 0.7 0.8 0.8
Other 0.8 0.8 0.8 0.8 0.9 1.0 1.0 1.0 11 1.1 1.1 1.1
Total Non-OECD 17.8 18.8 20.7 22.6 24.3 25.8 27.5 27.9 28.3 28.7 29.0 29.4
Total World  30.7 31.8 33.5 35.6 37.4 39.1 41.1 41.5 41.9 42.4 42.8 43.2

o b aS e e 1,900.0 2,030.2 2,202.0 2,383.7 2,5574.2 2,773.5 28146 2,856.1 2,898.1 29404 2,983.2
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A Credible 50% COZ2 Reduction Scenario by 2050

Baseline Scenario 50% CO2 Reduction Scenario
Energy system CO; emissions by sector Mt Legend
6,000
Still ~2000 2,000
2000 T I ——— B Electricity Production
4,000
______ Industry
3,000 Commercial
2,000 ¥ Residential
1.000 B Transportation
B Resources
O m0nowouwowo
O 00000 o
NN N AN AN NN

,’ Source: DOE SCO2 Conference 2014, as presented by EPA

2°/450 ppm number is 1300, not 3000
Electricity Production is 500 Mt
®b asee 200 Mt if everyone does not pulls their fair share
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EA Vision May 2013

Emissions Reductions (Gt CO,)

58Gt Nuclear (8%)

R
() correereeeeeeeeee e e RRR R8240 R85 10200 AN
W Power generation efficiency

and fuel switching (3%)

W Renewables (21%)
30 .......................................................................................... - End-use fuel Switching (12%)
T TP PP PP PP PP PSP PTPP TP PPPT PPN . mCCS (14%)
16Gt T T
L) e et SR RS B End-use fuel and e|ectricity
efficiency (42%)
0 T T T T T T T T 1
2009 2020 2030 2040 2050
Nuclear and Ccs teChnOIOgleS 12th Annual CCUS Conference
currently on “life support” Pittsburgh, 15 May 2013

Juho Lipponen
Head of Unit, Carbon Capture and

®b asee Storage

International Energy Agency [

“Practical Strategies for Emerging Energy Technologies”



Electric Power Research Institute PRISM Analysis

TABLE 1
U.S. ELECTRIC SECTOR

C0; emissions
(million metric tons)

3500
Dependent on technologies
19 4 77
300 currently on “life support
N
2500
1100 Mt
ElA 2007 base case
A 2000 [ Efiiciency Load growth - + 1.5‘%.fy'ear Load growth ~ + 1.19%/year
----------------------------------------- I---------------------------------------------------
| Renewables 30 GWe by 2030 -I 70 GWe by 2030
S 1
I
L MNuclear generation 12.5 GWe by 2030 | 64 GWe by 2030
1
I
; No existing plant upgrades; 40% new 150 GWe plant upgrades; 46% new
1000 Arenl et plant efficiency by 2(20-2030 plant efficiency by 2020; 49% in 2030
1
. Carbon capture and storage Nong : Widely available and deployed after 2020
1
1
i ; i - 1 10% of new vehicle sales by 2017;
—— . Plug-in hybrid electric vehicles  Mone : +2%/year thereafter by
1
Distributed energy resources :
[ | (including distribufed solar) < 0.19% of base load !nznan 59% of base load in 2030
1
0 1990 1995 2000 2005 2010 2015 2020 2025 2030

* Prism analysis fargets do not reflect economic or poiential regulatory and siting constraints.,
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New & Advanced Technologies Neede

50 For Global 50% COz2 Reduction Scenario (Blue, IEAETP 2010);
B Geothermal
45 B Cleaner high eff. Coal advanced
B Wind Power advanced
40 M Smart grids
CH4, H2 & fuel cell
% 35 Electric & Plug-in advanced
8 B 2nd gen biofuels
c New/Advanced B Solar advanced
=39 02 Technol
o) echnology Nuclear power advanced
)
- B CCS Power Generation
ap 23 .
o B CCS Industrial
> 20 B Cleaner high eff. Coal
8 ----------------- B Other end use efficiency
8 vehicles electric & plug-in
o 1 Existing B Natural gas combined cycle
Technology/Energy
Efficiency B Solar power
10 B wind power
nuclear power
5 B Enhance industrial efficiency
B Enhance vehicle efficiency
0 B Enhance building efficiency

IEA Blue Map (2010)

® b aS e e Source: DOE SCO2 Conference 2014, as presented by EPA
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Sierra Club Fact Sheet — November 3, 2015

FIGURE 1: CARBON EMISSIONS IN THE ELECTRIC SECTOR AND ECONOMY-WIDE SINCE 2010

Figure 1A: Electric Power Sector Figure 1B: All Sectors (Economy-Wide)
—) NOTE: 2015 projected —) NOTE: 2015 projected
7
L LAWY L 2 LWL »
-
o o
T 2,00C © 5,30(
1,90C 2,200
I~ o Al ~ LD . I~ S M 3 L
S & 8 R 8 ¥§ 2 & & 88 8 ¥

Mission Accomplished?

base,
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Sierra Club Fact Sheet — November 3, 2015 (Re-scaled)

Figure 36. Energv-related carbon dioxide emissions in
six cases. 2000-2040 (million metric tons)

N | I S - . B .
e 6.250 History 2013 Projections

/ \ 6.000 . : o
\ High Oil and Gas Resoun

i 8 o

2000 2005 2013 2020 2025 2030 2035 2040

Miracles Occur
Here!

Oops!
Didn’t mean to mislead you
the scales....
“Greenwashing?”

OBTW - The Sierra Club has admitted
to accepting $27 million contribution
from the natural gas industry,
presumably to fund their “Beyond
Coal” initiative, but only after the facts

became known.

th

i S NN ol &

®basee Mission defined as “eliminating coal”, vs. “eliminating emissions from coal”
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AEQO2016 Early Release — Two Cases May 17, 2016

CO2 emissions are lower in AEO2016 Reference case than AEO2015
Reference Case, even without the Clean Power Plan (CPP)

energ-related carbon dorde emissions « Key drivers for the lower energy-related

rmillizn metric tons . . . .
, _ CO2 emissions in AEO2016 include:
History 2045 Projections

6,000 — Lower natural gas prices that support

higher electricity generation from natural
gas with or without the CPP

AEO2015 Reference

5,500
— Lower technology costs for wind and

solar, combined with extended tax credits

5000 W -
AEO2016 Reference and the CP P: and

— Reduced coal generation as a result of
the CPP, which emit the most CO2 per

I

I

I
4500 :

I kilowatthour.

I

[

4,000 ' ' . . | l
1620 1995 2000 2008 2010 201§ 2020 2025 2030 203 2040

Sourca; EIA Annua' Energy Qutiook 26

| AEO2016 Early Release: Annotated Summary of Two Cases

Cla" | may 17, 2016

base,
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The New Reference Case Includes Full Effect of CPP

Key takeaways from the two cases: Electricity
+ | Implementation of the Clean Power Plan (CPP) using a mass-based appduces annual

electricity-related carbon dioxide (CO2) emissions to between 1,550 and illion metric tons
(MMT) in the 2030-40 period, substantially below their 2005 and 2015 levels of 2,416 MMT and
1,891 MMT, respectively. Coal's share of total electricity generation, which was 50% in 2005 and
33% in 2015, falls to 21% in 2030 and to 18% in 2040.

+ Even without the CPP, eleciricity-related CO2 emissions remain well below their 2005 level at
1,942 MMT in 2030 and(1,959)MMT in 2040; this outcome reflects both low load growth and
generation mix changes dfiven by the extension of key renewable tax credits, reduced solar

photovoltaic (PV) capital costs, and low natural gas prices. Full CPP A to reference plan only 400 MMt

+  With the mass-based approach, the strong growth in wind and solar generation spurred by tax
credits leads to a short-term decline in natural gas-fired generation between 2015 and 2021.
However, natural gas generation then grows significantly under a mass-based CPP
implementation, increasing by more than 67% from 2021 through 2040, when it is by far the largest
generation source.

| AEO2016 Early Release: Annotated Summary of Two Cases

ClA’ | pay 17, 2016

base,
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Sorry But, CPP is Business as Usual!

CO2 emussions per dollar of gross domestic product (GDP) decline faster
than energy use per dollar of GDP with a shift towards low- and no-carbon

tuels

energy and emission intensity +  The economy’s energy intensity, carbon intensity, and per-

index, 2005=1 capita energy use are projected to decline steadily. In the
History 05 Frojections Reference case, energy use per dollar of GDP declines at an

20 2005 average annual rate of 1.8% over 2015-40, while energy use

per capita declines at an average annual rate of 0.3%. With
renewables and natural gas providing larger shares of total
energy use, CO2 per dollar of GDP declines faster than energy

intensity.
*  The structure and efficiency of the U.S. economy changes in
ways that lower total energy use and energy use per dollar of
10 Energy use per capia GDP. The nonindustrial and services sector share of the
-En oI0y 56 par 2000 economy remains near 7 7% tt_lroughout_ the pr-_::-jecti_cm_, but there
dollar of GOP is a shift towards non-energy-intensive industries within
0E o R, e manufacturing that is slightly smaller in the absence of the CPP.
=== NoCPP Carben dioxide emissions »  Energy-use-per-capita declines, driven by gains in appliance
—— AEO2016 Reference per 21 alar EGF efficiency, a shift in population from cooler to warmer regions,
00 and an increase in vehicle efficiency standards, combined with

modest growth in travel per licensed driver.

-IBBIJ 1885 1990 1965 2000 2005 2010 2015 2020 2025 2000 2035 2040
Source; EL4, Annual Energy Cutioak 2016 Referance case

AEOQ2016 Early Release: Annotated Summary of Two Cases
| May 17, 2016 :
= You know there is a problem when the

Dase discussion shifts to CO2 per GDP
- €
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EIA May 17, 2016 Early Release Mmt/$Million GDP

Data table for: GDP long-term forecast, Total, Million US dollars, 2009 — 2060

2005 2009 2010 2015

China 8,264,462 9,127,849 13,325,589
India 3,259,867 3,622,119 4,751,391
United States 13,263,170 13,595,648 15,423,341
World 47,104,046 54,942,708 57,674,148 68,077,321
Million tonnes CO2 28533 30,158.0 31,544.1 33,508.4
Cummulative 2,032,971
MM/GDP 0.000606 0.000549 0.000547 0.000492

| 0.9029 0.8999
US Percent of World GDP 24.1% 23.6% 22.7%

Source: OECD Economic Outlook: Statistics and Projections

— The key factor is the calculated MMt of CO2 per million dollars of GDP, 0.000492 in 2015.

— There was a 10% reduction in this value for both the 2005-2010 and the 2010-2015 periods,
based on the data and can be interpreted as an improvement in overall efficiency of use.

— | included the 1900GtCO2 in the 2C/450 ppm already consumed between 1870-2011 as the
2012 staring value.

base,
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EIA May 17, 2016 Early Release Mmt/$Million GDP

Data table for: GDP long-term forecast, Total, Million US dollars, 2009 — 2060

2020 2025 2030 2035 2040 2041 2045 2050 2055 2060

China 17,709,685 21,987,556 26,307,248 31,117,405 36,477,854 41,497,785 45,730,397 49,722,574 53,827,698
India 6,337,715 8,437,521 11,162,212 14,504,379 18,401,049 22,832,998 27,817,822 33,324,548 39,211,023
United States 17,743,025 20,025,623 22,482,236 24,988,766 27,461,839 29,898,935 32,341,599 34,792,848 37,206,576
World 81,452,490 95,570,319 111,074,203 128,015,627 145,962,170 149,409,817 164,034,207 182,273,171 201,423,865 221,232,567
Million tonnes CO2 36,082.6 38,103.0 39,855.8 41,341.3 42,423.3 42,519.8 42,908.2 42,911.3 42,677.8 42,187.4
Cummulative 2,069,054 2,255,484 2,451,226 2,654,940 2,864,881 2,907,401 3,078,450 3,293,001 3,506,856 3,718,772
MMY/GDP 0.000443 0.0003987 0.0003588 0.0003229 0.0002906 0.0002846 0.0002616 0.0002354  0.0002119 0.0001907

0.9000 0.9000 0.9000 0.9000 0.9000 0.9000 0.9000 0.9000 0.9000
US Percent of World GDP 21.8% 21.0% 20.2% 19.5% 18.8% 18.2% 17.7% 17.3% 16.8%

Source: OECD Economic Outlook: Statistics and Projections

— The OECD GDP Forecast is shown without modification.

— The same efficiency of use improvements are assumed throughout the forecast period to 2060

— The calculated yearly increment is based on this GDP Forecast data and underlying efficiency of use assumptions.

— This efficiency of use assumptions are not likely to apply uniformly around the world, but that assumption is
embedded in the calculation.

— We bust the 2900Gt budget in 2041 and reach 3719Gt by 2060.

— This is equivalent to 550-600 ppm and perhaps 4°C temperature rise.

1 0.90 becomes 0.95:

* We bust the 2900Gt budget in 2038

» Total ytd 2060 is 4272Gt

» Annual release 55Gt 2040; 69Gt 2060

base,
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What Can We Do?

— Stop Producing or Produce Less — Put the CO2 back
CO, — Carbon Capture & Storage
— Fuel Switching — Adapt to its effects (live with it)
—Renewables

— Build seawalls

—Biofuels
— Dikes/Locks
—Nuclear
—Hydro — Harden vulnerable assets
—Waste to Energy — Relocate/Raise Critical Infrastructure

— Create Barriers

— End Use Efficienc
y — High Capacity Pumping Systems

— Combined Heat & Power

— CAFE Standards — Use the CO2
— Demand Response — As a Fuel
— Building Efficiency

— Chemical Feedstock
— Storage ] ]
_ Smart Grid — Blomass Nutrient
— Carbon(ate) - Based Product
— Enhanced Oil Recovery (EOR)

base,
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McKinsey CO, Cost Curve V1.0

Global cost curve for greenhouse gas abatement measures beyond ‘business as usual’; greenhouse gases measured in GtCOe’

@ Approximate abatement required
beyond ‘business as usual,” 2030

Biodiesel
Carbon capture and storage (CCS); new coal Waste | Industrial CCS
Medium-cost forestation CCS; coal retrofit
Cofiring biomass Industrial Higher-cost
—_— Wind; low penetration motor systems abatement
Industrial feedstock substitution )
cCS. enh d oil | Avoided
. enhanced oil recovery, new coa deftassiation :
50 Low-cost forestation | ____________

é’u Livestock " funther potential®
< Nuclear
2
w 0
= | Industrial non-CO; @L@ &5
£ Standby losses s . - )
% —50 Sugarcane biofuel 550 ppm 450 ppm 400 ppm
S Fuel efficiency in vehicles ~25 ~40 ~50
g | Water heating Marginal cost,® € per tC0e?
< _100 Air-conditioning

| Lighting systems

Fuel efficiency in commercial vehicles

—150

5 10 15 20 25 30 35

| - . Abatement beyond ‘business as usual,” GtCO;e! per year in 2030
Building insulation

"GrCO,e = gigaton of carbon dioxide equivalent; “business as usual™ based on emissions growth driven mainly by increasing
demand for energy and transport around the world and by rropical deforestation.

*tCO,e = ton of carbon dioxide equivalent.

*Measures costing more than €40 a ton were not the focus of this study.

4Atmospheric concentration of all greenhouse gases recalculated into CO, equivalents; ppm = parts per million.

b aS e *Marginal cost of avoiding emissions of 1 ton of CO, equivalents in each abatement demand scenario.
® e
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McKinsey Global GHG Cost Curve V2.1

Abatement cost
€ pertCO.e

80

60

40

20

0

-20

-40

-60

-80

-100

-120

-140

-160

-180

-200

Lighting — switch incandescent

_ Reduced slash and burn agriculture

conversion

— Reduced pastureland conversion

(Gas plant CCS retrofit

Iron and steel CGS new bui
Coal CCS new buil

10 L 15
eothermal

Rice management
Small hydro
aste recycling

Efficiency improvements other industry

Landfill gas electricity generation

‘Clinker substitution by fly ash
Building efficiency new build

- Insulation retrofit (residential)

I =Tillage and residue management

to LED (residential) Grassland management PM—-I
_[Appliances electronics ________________1____ | __|l___=0O rganic soils restoration ________________| _
Motor systems efficiency
15! generation biofuels
’7|— Cars full hybrid
8 20 2% B0 35

olar CSP
Reduced intensive

“High penetration wind
Solar PV

| ow penetration wind
—Degraded forest reforestation

— Pastureland afforestation

— Degraded land restoration

Abatement potential
GtCO.e per year

agriculture conversion

-Appliances residential

—Cropland nutrient management
B ~ Cars plug-in hybrid

Retrofit residential HVAC

- 2 generation biofuels

— Nuclear

Where is Coal-to-Gas Shift?
There is no Gas CCS new build??

Note: The curve presents an estimate of the maximum potential of all technical GHG abatement measures below €80 per tCO.e if each lever
was pursued aggressively. It is not a forecast of what role different abatement measures and technologies will play.
Source: Global GHG Abatement Cost Curve v2.1

base,
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CO, Pricing

e
w

Carbon o _ ) Source: On Climate Change Policy " . /‘ I:
pricing is spreading | dam nman sttt ’Jll
— Prices are far too low to price emissions efficiently " {
— The vast majority of priced emissions — about 90% of Ezs el :
the total — are priced below $14/tCO, g I
— Higher carbon prices are invariably for small volumes, s ——— “’l“twqf\r 1:
and are found in Europe, British Columbia and Alberta B ?’*"’“\ Fonc |
— The environmental damage caused by emissions — as 5 —~ i
estimated the US EPA R R L

Velume priced (million tonnes)
— Carbon prices are thus too low even compared with a
likely underestimate of the cost of emissions SDESIHINE LGS 08 Ete R
— Taxes are too low and caps are too loose to price carboon |
adeq uately ll---q.;--.:r--- toera GOk (2000 §) w"ﬁlﬂmm

£22 200 4%

— Consequently efficient abatement is not happening.
l:I | ) NEFEREAE % ol MESIEN
— e o O Trar M
" -
L e— - - T
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Electric Power Generation
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No Carbon Sources

percent of total generation
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MNorway
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—
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Fuel Switching
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U.S. Coal Plant Retirements

FIGURE 2: COAL RETIREMENTS ACTUAL, ANNOUNCED AND PROPOSED SINCE 1990

Electric Sector Coal Retirements

M Retired WAnnounced and Proposed

25,000
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B
=
=. 15,000
=
]
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m
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o
]
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@
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m
=
: | | ‘ I ‘
i} - I - m o= nom . N I ‘ ] I | . I I [ | I I | | | I ] | | | |
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REERERSRIRREEEEEEREEE 58888 ¢¢8¢8¢8¢8¢88¢8¢8¢
Year
THIS CHART SHOWS THE MEGAWATTS OF COAL CAPACITY RETIRED TO DATE PLUS PROJECTED RETIREMENT DATES FOR UNITS ANNOUNCED OR
b aS e PROPOSED RETIREMENTS INCLUDED IN A UTILITY'S RESOURCE PLANS. SOURCES: SIERRA CLUB, EIA.
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U.S. Power Plant Addition 2013-2014 (6 mos.)

U.S. power plant capacity additions, Jan-Jun 2014 vs. Jan-Jun 2013 =
megawatts (M) ¢la
2013 ~g
natural gas 5014
solar 2013
2014 m natural gas combined cycle
m natural gas combustion turbine
wind 2212 natural gas other
2014 solar phatovoltaic (PV)
solar thermal wi'o energy storage
other ég::i iﬂg mwind onshore
210 m other
m coal conventional steam
937 ' . . I |
coal ég::i g : =i m codl integrated gasification combined cycle

1,500 2,000 2500 3,000 3500 4000 4500

00

It’s working exactly as planned!
And, btw, killing CCS and

@b asee Nuclear in the process
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U.S. Power Generation Shift 2015-2016

projects in doubt.

— The USA is the world's |arge3t TYPE OF PLANT (2015-2016)  ADDITIONS (MW) RETIREMENTS (MW) NET (MW)

BATTERIES 05 = :
producer of nuclear power CONVENTIONAL HYDROELECTRIC ;37;0 2300 :JE:E
_ More than 30% of worldwide nuclear EE:TVHEE:T':iTALSIEAH COAL ;3:0.00 1_6,961.50 “6'581.5521
generation of electricity. LANDFILL GAS 550 240 o
- MUNICIPAL SOLID WASTE 9,00 = 9,00
— 99 units operable (98.7 GWe) NATURAL GAS FIRED COMBINED CYCLE 14,584.00 139.00 14,445.00
— Five under construction. NATURAL GAS FIRED COMBUSTION TURBINE 31,22329 ) 1,709.00 9. 951;'210

) L . NUCLEAR ,269. - ,269.
— Followmg d 30-year perlod in which OFFSHORE WIND TURBINE 30.00 = 30.00
few new reactors were built, it is e 1103;21{]“3'10 ﬂfﬁ'ﬂ” 17'0771'33
expected that six new units may OTHER VASTE BIOWASS na o -

. PETROLEUM LIQUIDS ) ,086. ,030.1
come on line by 2020 SOLAR PHOTOVOLTAIC 8,472.60 - 8,472.60
— Lower gas prices (and the ability to 8 nneltes T - o
permit a natural gas-fueled plant WOOD/WOOD WASTE BIOMASS 2370 150 190.20
without abatement) since 2009 have ke eos e e
965, 9%, 4,026.80
put the economic vi ab|||ty of some NET TOTAL 2016 26,354.00 6.231.70 2,116.30
existing reactors and proposed new NETTOTAL2015-2016  47,319.00 21,175.90 26,143.10

These are nameplate ratings...

b ........... be mindful of load factor.
base,
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U.S. Electric Utility Fuel Cost — 2001 to 2014

Electric utility fuel costs, 2001-2014

Constant 2001 $ per Million BTU W

- (Coal

~«--- Nat'l Gas

——————————————————————————————————————————————————————————

~$2.75

2001 2003 2005 2007 2009 2011 2013

base,

Source: ACCCE, Trisko (2014)

~$3.50
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“The Big Picture: Next-Gen Nuclear”

— Compliments of Power magazine April 2014
— 72 mostly advanced nuclear reactions under

construction

— Atotal of 68GW (12% of installed base)
— China represents 40% of the total

— France will cap nuclear capacity at the current
63.2GW, forcing closures w/capacity additions
— Currently at 75% share of generation

— Goal is 50% by 2025

BUILDING A

NEW GENERATION

Westinghouse
AP1000® plant
under construction
in Sanmen, China

base,

~ OF NUCLEAR ENERGY

@ Westinghouse G, Qo

o BEARAARAARA NOTABLE NUCLEAR
AAERAREZAAE HpWoOES
= . e — Contracts signed, legal and
| [0 8 \ & B 27.8 GW requlatory infrastructure is
) - iy : well-developed:
RUSSIA , i = SLOVAKIA 1 B TURKEY
v VY ; 880 MW
8.4 GW 7.1 6w
3.9 GW 1.9 GW 1.3 GW
1 B i UAE =1 Committed plans, legal and
SCRRRES ' I . l l l regulatory infrastructure is
6.3 GW 2.7 GW developing:
3 i BB [ POLAND T
u.s. RLAE . BELARUS 5?% / 7
5.6 GW _ 1.1 GW 36w
ARGENTINA | BRAZIL I BANGLADESH = é,;
[ A Y . | i
717 MW 1.2 GW 26w
JAPAN FI'l FINLAND i
(on hold) ) HIR0AN ﬁ éﬁ
1.3 GW 1.6 GW 5 GW
PAKISTAN FRANCE { VIETNAM
630 MW 1.6 GW 2.1 GW
*
KEY: o & nn L . e .
AP1000 EPR VVER CNP 0PR-1000 PHWR  FAST BREEDER
(Westinghouse/ (AREVA/ (Rosatom/  (China National Nuclear (Korea Hydro REACTOR
Toshiba) France) Russia) Corp.) & Nuclear)
*
L4 -“"-‘#% ® ' ' l‘. P ".o‘ -
ABWR ATMEAL  (PR-1000  ACPR-1000  APR1400  HIGH-TEMP.  OTHER
(GE-Hitachi (AREVA/ (China Guangdong (Ching Guangdong  (Korea Hydro GAS-COOLED
or Toshiba) MHI) Nuclear) Nuclear) & Nutlear)

Installed Generating Capacity (2012) = 5,550 GW
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Natural Gas Combined Cycle - NGCC

- - -
Generating electricity
A power station produces electricity by changing the energy in its fuel
into electrical energy. A gas-fired power station burns gas, converting
its chemical energy into heat. The burning gas expands and tries 1o
rush out in all direction: has kinetic energy. It turns the blades of a
wrbine, which drives a generator to make electricity. The hot gas also
turns water into steam, which drives another .'irr.mrsﬁm:
urbine and generator. Condensers change the = \ turbine blodes,
steam back into water so
that it can be used again.

.,

", Spprani bk
s mury B8
wsea ho
narm mearin
Bunildlimgs

Cool water = Coaled warer 5 filtered
enmters boiler ] N ¥ 2 e eleamed, and

Foppedd I 2 meceisary

ol enater retarvis o bodler

N

d _. Cras furns
I i furnace

Air swcked tmio burrmer

Sreamr fromit borler

Rushimg air furny Sprsrainig trrlire G enerator
ierbinee Mlades Superheated bilrdes turm rodinces
B shears spiag RETerraroT electricily

tirs e bfaddes

T . RS : i _ D : » -

Cosrdemier cools
awprevheated

steam and steam
Purck fmio water

\ \ J
Y |
Simples Cycle Gas Turbine Section Combined Cycle “Adder”
40% LHV Efficiency 60% LHYV Efficiency
1100 Ib-CO,/MWh 800 Ib-CO2/MWh

Gemerator | | Spréirarang purbine Mo gases ragll M pases .
produces Idades tarrar st and spin lrodl parer
efecrreny genernar inrbine blades iriMe SReRi

Comnled spater
e fo filfer ot
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High Efficiency, Low Emissions Coal (HELE)

Fi

CO, intensity factor (g00, /KWh)

gure 10: Reducing CO, emissions from pulverised Figure 8: Projected capacity of coal-fired power generation to 2050
coal-fired power generation

2000
o 1000 gCO2/kWh = 2204 Ib/MWh
T Subcritical N
o 1 600
Supercritical
1000 -
U]LE-!EE[’U.’L'G‘]‘I E 1200 - I I
800 L Advanced-USC g [ |
. Without CCS
B00 ined
1477 Ib/MWh - HE‘E’E“;;ME
Ao 4 {with and
without CCS)
400 90% C0, capture tj*;f,ffg
o
2000 2010 2020 2030 20400 2050 2050
200 {205)
220 Ib/MWh W uscand sc Suberitical B 18 and 5C Suiheritical
i, o . .
Wih D5 Plants built _:Tmrtu 2000 Plants built a['te.'vzuw, inchuding
0 1 T T T T T 1 roanstnrtion nlans an ta M5
15 30 35 40 45 50 55
Efficiency (LHV, net) Table 3: Performance of HELE coal-fired power technologies

— U.S. consumption of coal totaled 18 quadrillion Btu

. . Emissions
in 2013, a 4-percent increase from 2012

Max. unit Capacity CCS energy
o, N, 50, capacity  factor  penailty

— Electric power sector consumption accounted for 91 [k (a/kWh) (/) (MWe) (%)  (%-points)
percent of total consumption in 2013 50t0 100 <30to 100 -.

— The price of coal averaged $2.52 per million Btu in PS80 pysen pyrep) P M0 0 nmw
the United States in 2013, a 3-percent decrease from CFIC sSDtoooo  opp VMM 150 - h;uﬂ-_
2012 {in situ) combustion

i illi i coal <s0tp 100 <2010 100 <1000 and oxy-

— Prices ranged from $1.44 per million Btu in m-;icp |?fn?nfc] o S”CH] w e fuel)
Nebraska to $4.90 per million Btu in Alaska. (by FeD)

IGCC 670 to 740 <30 <20 €1 335 T ;

Source: IEA Technology Roadmap IGFC’ 500 to 550 <30 <20 <1 <300 -
® e High Efficiency Low Emissions Coal-fired Power Generation
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Coal-fired PowerGen Options

- 2DS

Figure 7: Electricity generation from different
coal-fired power technologies in the 2DS

Increase generation from plants deploying HELE technology

Actions for Deqease ganaration from subcrtical plants
reducing 00,

Install CC5 on plants deploying HELE technology

10000
9000
8000
7000
6000
5000
4000 -
3000

1035 2040 045 2050
IGCC HELE tachnalogies + CC5

Global eledridty generation from coal {TWh)

luﬁc

Nois: Carbon capturg 15 Integrated with HELE coal-fired wnilts to minimize coal consumption ard CO, abatement cast.

Subcitical I Supercritical

Source: IEA Technology Roadmap
High Efficiency Low Emissions Coal-fired Power Generation

1000 gCO2/kWh = 2204 1b/MWh

base,

Figure 4: Capacity of supercritical and ultra-supercritical
plant in major countries

Capacity (W)

200 -

100 - I

0 em N mm L= I I I
i ©® & § 9 €f ¥E|g T 2 |g @ z2lz p =
2 f % § 5 3z E3|R R R|R R R|R R R

; S8
2 d u China india Uit States
— —
W vt superaitical M superaitical Subestical

Hois: Refers to capactty bn 2000 urdes specified otherwize. Definitlons of subcrithcal, supencritical {3C) and ultra-supsrorfical (USCH
technelogy are desoribed In Box 3.

Sowrce: Platts, 2011,
Table 1: CO, intensity factors and fuel consumption values

0, intensity factor

(Efficiency [LHY, net]) Coal consumption’
A-USC (700°CT) IGCC (1 500°C7) 670-740 9 COy/kwh 290-320 g/kwh
{45-505%)
Ultra-supercritical 740-8009 CO CO,/kiwh 320-340 g/lwh
{up to 45%)
- BO0-880 g CO CO,/kwh )
Supercritical fup to 45%) 340-380 g/kwh
» 2880 g CO CO,/kWh ~
Subcritical fup to 45%) =380 g/kwh

' For coal with heating valus 25 MI'kg; * Steam temparature: * Turbing Indet tamperatura.

Heets: Tha CO, Intanaity facter 15 the amount of carbon dicslds smitted par urlt of alectriclty generated from 2 plant. For ssamipss, 3
Ciy, Intensity factor of BOOg CO./KWh means that the coal-fired wnlt emits 200g of COy, for sach kWh of electriclty genarated.
Sowrce: VBC, 2001
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Coal-to-Gas Shift — nature.com

6.4
6ol » ED o2 - ““....We conclude that substitution of gas for coal has had a
+1.0% .—-w% relatively minor role in the emissions reduction of U.S. CO,
6.0 . & emissions since 2007.”
g 5.8 % ?:1 o L,” N~~~~~
@ g 3 7 +2.2% —0.6% $1.2%-02%_, o
5 TR g e —1-0% . 21093
2 26 O % +1 5%- -‘1 1% 1-2% i | "-2%_2_1%
E _9_, +0.3% E @ E E
5 24 =] g g < 5 § § -
< 50 g £ g g g 5 2 B g
2 . 5 a £ e 5 o =
E & - 2 <] &) -
2 2 3 S - 2
5.0 5 & ] g
(&) L
4.8
2007 » 2009 > 2011 > 2013
-9.9% +1.3% —2.1%

Figure 3 | Contributions of different factors to the decline in US CO; emissions 2007-2009 and 2009-2011 and 2011-2013. Between 2007 and 2009,
decreases in the volume of goods and services consumed during the economic recession (red) was the primary contributor to the nearly 10% drop in
emissions. But between 2009 and 2011, consumption (consump.) volume rebounded, population grew and the energy intensity of output increased, driving
up emissions by 1.3% against modest decreases in the carbon intensity of the fuel mix and shifts in production structure and consumption patterns.
Between 2011 and 2013, increases in population and consumption volume again pushed emissions upward, but overall emissions decreased by 2.1% due to
further changes in production {prod.) structure, consumption patterns, decreasing use of coal and decreases in energy intensity of output. Mot shown here,
emissions increased by 1.7% between 2012 and 2013, driven primarily by increases in consumption volume.

base “The new EPA Clean Power Plan is largely built on fuel switching and renewables deployment”
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Gas Bridge to Renewables Already Built

— For the U.S. to reach its climate goals, the deadline for constructing the last gas-fired power plant is
coming up shortly — if not already past

— Gas has a significant near-term role in reducing dependence on coal-fired power and helping the
transition to intermittent renewable sources. But, to reduce greenhouse gas emissions to a target of
80% below 1990 levels by 2050, the nation must ultimately eliminate almost all use of fossil fuels,
including natural gas

— "A power plant on the drawing boards today could still be operational in 2050 and well beyond. With
each passing year, the likely life span of new natural gas power plants moves further beyond 2050 ".

— The U.S. EPA's Clean Power Plan might do more harm than good because substituting gas-fired
power for coal capacity is one of the options for complying with the rules requirements. Rather,
lawmakers should consider setting a final date beyond which no new natural gas power plants can be
approved, Weissman advised.

— Almost 237 GW of gas-fired generation capacity was added between 2000 and 2010, making up 81%
of all the generation capacity added in that decade. This momentum could increasingly complicate
efforts to cut back on gas use.

— "As more people and institutions invest in natural gas, political pressure to sustain its use grows. It
will become more and more difficult to achieve long-range greenhouse gas reduction goals". "Natural
gas cannot play a long-term role in creating our desired carbon-constrained future, as its benefits are
not enough to support our carbon reduction goals"

12

aS ee Steve Weissman — Senior Policy Advisor, Center for Sustainable Energy/Source: Sarah Smith SNL Thursday, March 31, 2016
®
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Well-to-Wheels Comparison Electric vs. Gasoline

BEW ) ) ArgonneéXé
Series Power-spllt ..................
_ Design _ Design _
PHEV40 PHEV20
i Well-to-Wheels Analysis of Energy Use
12 PHEW30D and Greenhous.e Gas Ell'nissio.ns
¢ PHEW10 _Smart {Ieast QOSU Charging of Plug-In Hybrid Electric Vehicles
‘L U nconstrained Charging
./. Baseline
= 1 Gasoline ICE
o o o® e L (coal intensive mix) | Vehicle (GV)
25% 2 - - Source of Electricity
g | e | for Battery Recharging
® 0.8 7 . P e S ——— ~ U.S. (average mix)
£ ® -, ,.(/: WECC (dominated b\vaNéE-C-] ________________
§ —‘f“ — > J -—
= S Regular
g 06 & Gasoline HEV CCS for
o | electric power
T
O 04 = Renewable
" Cenewable does not
appear to be
0.2 .
— included
_y o
- .
D - T T T T
0 0.2 0.4 0.6 0.8 1

Petroleum Use (relative to GV)

FIGURE ES.1 WTW Petroleum Use and GHG Emissions for CD Operation of Gasoline PHE Vs

and BEVs Compared with Baseline Gasoline ICEVs and Regular Gasoline HEVs
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Methane Leaks & Regulation

- On May 12, 2016, the U.S. Environmental Protection

Agency (EPA) announced a Strategy to:
- Reduce Methane Emissions to cut methane emissions from
the large and complex oil and natural gas industry
- achieve its goal of cutting methane emissions from the oil
and gas sector by 40 to 45 percent from 2012 levels by
2025.

- Methane has a global warming potential more than 25
times greater than that of carbon dioxide

- Methane is the second most prevalent greenhouse gas
emitted by human activities in the United States,

- 1/3 come from oil production and the production,
processing, transmission and storage of natural gas.

- Reducing methane emissions is an essential part of an
overall strategy to address climate change.

- The final NSPS is expected to:

- Reduce 510,000 short tons of methane in 2025, the
equivalent of reducing 11 million metric tons of carbon
dioxide.

- 11,000,000 metric tonnes = 0.011 Gt = 0.28% of U.S.
emissions of 4Gt

base,

Convert metric tonne to gigatonne -
Conversion of Measurement Units

[ I

Convert metric tonne to gigatonne

11000000 metric tonne
0.011000000000000001 gigatonne

Convert

More information from the unit converter

How many metric tonne in 1 gigatonne? The answer is 1000000000
We assume you are converting between metric tonne and gigatonne.
You can view more details on each measurement unit:

metric tonne or gigatonne

The Sl base unit for mass is the kilogram.

1 kilogram is equal to 0.001 metric tonne, or 1.0E-12 gigatonne.

Maote that rounding errors may occur, so always check the results.

Use this page to learn how to convert between tonnes and gigatonnes.
Type in your own numbers in the form to convert the units!

“Essential Part”....Really?

How about CO2 from Natural Gas Power
Plants at 11.4Gt in 2040?
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EPA CO, Regulations

base,
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Units of Measure

Units of Mass

— Ton (short) = 2000 Ib

— tonne (metric) = 1000 kg = 2205 Ib
— Mt = mmt = million metric tonnes
— Gigatonne (Gt) = 1000 Mt

Units of Cost
— Plant Cost ($/kW)
— LCOE - Levelized Cost of Electricity (mils/lkWh)

Utilization Rate

— Capacity Factor % = kWh produced/kWh rated
— 85% Pulverized Coal
— 75% NGCC
— 20-30% Wind

Measures of Efficiency

— Power Plant Heat Rate
— Btu/kWh

— Power Plant Efficiency
— 3412 Btu/kWh/Plant Heat Rate

— LHV & HHYV Fuel Heat Content

— The gas company sells HHV
— Utilities normally use HHV
— Gas Turbine Industry advertises/uses LLV

— Natural Gas
— LHV = 23,860 Btu/lb
— HHV = 21,501 Btu/lb

— The effect is a 10% difference in claimed efficiency

— Net Output vs. Gross Output

Each fuel has:

—An energy content - Btu/lb

— A carbon content — Ib-CO,/mmBtu
Each Power Plant (type) has
efficiency or “heat rate” — Btu/kWh

base,
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Fuel Carbon Factors — Ib-CO,/mmBtu

Rank State of Origin CO2 Factors Average
Ibs per 10”6 Btu
Subbituminous Alaska 214.00
Subbituminous Colorado 212.72
Subbituminous lowa 200.79
Subbituminous Missouri 201.31
Subbituminous Montana 213.42
Subbituminous New Mexico 208.84
Subbituminous Utah 207.09
Subbituminous Washington 208.69
Subbituminous Wyoming 212.71 208.84
Lignite Arkansas 213.54
Lignite California 216.31
Lignite Louisiana 213.54
Lignite Montana 220.59
Lignite North Dakota 218.76
Lignite South Dakota 216.97
Lignite Texas 213.54
Lignite Washington 211.68
Lignite Wyoming 215.59 215.61
Natural Gas 116.38 116.38

Source: Energy Information Administration, Quarterly Coal Report, Jan.-
Mar. 1994, DOE-EIA-0121(94/Q1) (Washington, D.C, August 1994), pp. 1-8.)

Rank State of Origin CO2 Factors Average
Ibs per 1076 Btu
Anthracite Pennsylvania 227.38
Bituminous Alabama 205.46
Bituminous Arizona 209.68
Bituminous Arkansas 211.60
Bituminous Colorado 206.21
Bituminous lllinois 203.51
Bituminous Indiana 203.64
Bituminous lowa 201.57
Bituminous Kansas 202.79
Bituminous Kentucky: East 204.80
Bituminous Kentucky: West 203.23
Bituminous Maryland 210.16
Bituminous Missouri 201.31
Bituminous Montana 209.62
Bituminous New Mexico 205.71
Bituminous Ohio 202.84
Bituminous Oklahoma 205.93
Bituminous Pennsylvania 205.72
Bituminous Tennessee 204.79
Bituminous Utah 204.08
Bituminous Virginia 206.23
Bituminous Washington 203.62
Bituminous West Virginia 207.10
Bituminous Wyoming 206.48
Bituminous Texas 204.39 205.44
N

base,

This is where “Natural Gas is ¥ of Coal”
comes from
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EPA NSPS Output Ratings 2014 — 1b-CO,/MWh

Fuel
Carbon Factor - |b-CO2/mmBtu

Power Plant
- Type
- Heat Rate (HHV) - Btu/kWh
- Efficiency - HHV%
- Efficiency - LHV%
- Thermal Input - mmBtu
- Rating - MW @850 mmBtu/hr

Emissions - Ib-CO2/MWh
- Unabated

- Applicable Threshold

CCS % required to meet threshold

Baseline
Report
Natural Gas Bituminous Coal

116.4 116.4 116.4 203.3 203.3 203.3 203.3
e NGCC  NGCC PC SCPC  USCPC USCPC
9452 6313 6848 | [ 9276 8721 8412 7580 |
36.1% 54.0%  49.8% 36.8%  39.1%  40.6%  45.0%
40.1% 60.0%  55.3% 40.8%  43.4%  45.0%  50.0%
850 850 850 | [ 850 850 850 850 |
89.93 134.64  124.12 91.63 97.47  101.05 112.14
1100.0 734.7 797.0 | [ 1886.0 1773.2 17103 1541.2 |
1100 1000 1000 1000 1000 1000 1000
0.0% 0.0% 0.0% 47.0%  43.6%  41.5%  35.1%

NSPS = New Source Performance Standards

Natural Gas HHV
Natural Gas LHV

b DOE baseline Carbon Factors
®

€

21,501
23,860

Ib—CO, / Mwh =116.4x6848/ ' 797

ici —3412Btu/kWh —3412 _
HHV efficiency = %—Ieat Rate = %848_49'8%
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EPA NSPS Output Ratings 2014 — 1b-CO,/MWh

Fuel
Carbon Factor - Ib-CO2/mmBtu

Power Plant
- Type
- Heat Rate (HHV) - Btu/kWh
- Efficiency - HHV%
- Efficiency - LHV%
- Thermal Input - mmBtu
- Rating - MW @850 mmBtu/hr

Emissions - Ib-CO2/MWh
- Unabated

- Applicable Threshold

CCS % required to meet threshold

base,

Subbituminous Coal

208.8 208.8 208.8 208.8
PC SCPC USCPC USCPC
9276 8721 8412 7580
36.8% 39.1% 40.6% 45.0%
40.8% 43.4% 45.0% 50.0%
850 850 850 850
91.63 97.47 101.05 112.14
1937.2 1821.3 1756.7 1583.0
1000 1000 1000 1000
48.4% 45.1% 43.1% 36.8%

Lignite
215.6 215.6 215.6 215.6
PC SCPC USCPC USCPC
9276 8721 8412 7580 |
36.8%  39.1%  40.6%  45.0%
40.8%  43.4%  45.0%  50.0%
850 850 850 850 |
91.63 97.47  101.05 112.14
2000.0 1880.3 1813.7  1634.3 |
1000 1000 1000 1000
50.0%  46.8%  44.9%  38.8%
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“The War on Coal”’- EPA NSPS 2014

$60.00

Case
C02 Capture
Gross Power Output - kWe

Auxilliary Power Requirements - kWe
Report Net Power Qutput - kWe

Met Plant HHV Efficiency - %

Net Plant HHV Heat Rate - Btu/kWh

Total Plant Cost - $kW
Total Overnight Cost - $/kW
Total as Spent Cost - $kW

LCOE - mils/KWh

C02 Emissions - Ib/MWh
$/MMBtu

Load Factor

kW Nominal Gross

520,000 | KW Mominal Net

Total as Spent Capital

Cost Premium vs. NGCC Case 13

kKWhiyear
MMBtu/year

Annual Fuel
Fuel Cost vs. NGCC Case 13

LCOE
Fuel%

per tonne
C02 Cost vs. NGCC Case 13

tonnes-CO2/year

Supercritical PC

1 12 13 14
No Yes No Yes
580,400 662,800 564,700 511,000
30,410 112,830 9,620 37,430
549,990 549 970 555,080 473,570
39.30% 28.40% €=====% 50.20% 42 80%
8,667 12,002 6,798 7,968
1995 3583 725 1500
2452 4391 @ e o .89 1842
2782 5006< }9'7 1086
80.95 137.28 €= == === 5050 86.58
1768 244 804 a4
294 294 6.13
85% 85% 85% 85%
580,411 662,836 550,532 503,471
550,000 550,000 550,000 550,000
$1,529,834,783 $2,753,202,297 $526,223 607 $1,092,280,160
1,003,611,175 2,227,068,690 - 566,056,553
4,095,300,000 4,095,300,000 4,095,300,000 4,095,300,000
35,575,871 49,151,791 27,830,849 32,631,350
$104, 593,061 $144 506,264 $170,658,277 $200,030,178
($66,065,216) ($26,152,012) - $20,371,901
$331,514,535 $562,202,784 $244 038,027 $354 571,074
31.6% 257% 56.4%
$197.051 $27,194 $90,438 9,021
$106,612 ($63,244) - ($81,417)
3,284 453 1,507 150

SCPC vs. NGCC
First Cost $/kW is
~5X
LCOE is 2.3x
Efficiency is ~1/2
w/Natural Gas at
$6.13
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EPA Output Ratings 2015 - Ib-CO,/MWh

Baseline
Report

Fuel Natural Gas
Carbon Factor - Ib-CO2/mmBtu 116.4 116.4 116.4
Power Plant
- Type SC NGCC NGCC
- Heat Rate (HHV) - Btu/kWh [ 9885 6602 7162 |
- Efficiency - HHV% 34.5% 51.7% 47.6%
- Efficiency - LHV% 38.3% 57.3% 52.9%
- Thermal Input - mmBtu | 850 850 850 |
- Rating - MW @850 mmBtu/hr 85.99 128.74 118.68
Emissions - Ib-CO2/MWh P
- Unabated | 1150.4 768.4 833.5
- Applicable Threshold
- Interim 1150 832 832
- Final 1150 771 771
CCS % required to meet final threshold 0.04% 0.00% 7.50%

Bituminous Coal

203.3 203.3 203.3 203.3
PC SCPC USCPC  USCPC
| 8795 8268 7975 7187 |
38.8% 41.3% 42.8%  47.5%
43.1% 45.8% 475%  52.7%
[ 850 850 850 850 |
96.65 102.80 106.58  118.28
| 1788 1681 1622 / 1461 |
1534 1534 1534 1534
1305 1305 1305 1305
27.02% 22.37% 19.52% \ 10.69%

Do you notice a theme here???
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EPA Output Ratings 2015 - Ib-CO,/MWh

Fuel Subbituminous Coal Lignite
Carbon Factor - Ib-CO2/mmBtu 208.8 208.8 208.8 208.8 215.6 215.6 215.6 215.6
Power Plant
- Type PC SCPC  USCPC USCPC PC SCPC  USCPC USCPC
- Heat Rate (HHV) - Btu/kWh | 8795 8268 7975 7187 | | 8795 8268 7975 7187 |
- Efficiency - HHV% 38.8% 41.3% 42.8%  47.5% 38.8% 41.3% 42.8%  47.5%
- Efficiency - LHV% 43.1% 45.8% 475%  52.7% 43.1% 45.8% 475%  52.7%
- Thermal Input - mmBtu | 850 850 850 850 | [ 850 850 850 850 |
- Rating - MW @850 mmBtu/hr 96.65 102.80 106.58  118.28 96.65 102.80 106.58  118.28
Emissions - Ib-CO2/MWh
- Unabated | 1836.7  1726.8  1665.6  1500.9 | | 1896.2 17827  1719.6  1549.5 |
- Applicable Threshold
- Interim 1534 1534 1534 1534 1534 1534 1534 1534
- Final 1305 1305 1305 1305 1305 1305 1305 1305
CCS % required to meet final threshold  28.95%  24.43%  21.65% 13.05% 31.18%  26.80%  24.11% 15.78%
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EPA Output Ratings 2015 - Ib-CO,/MWh

Fuel Subbituminous Coal Lignite
Carbon Factor - Ib-CO2/mmBtu 208.8 208.8 208.8 208.8 215.6 215.6 215.6 215.6
Power Plant
- Type PC SCPC  USCPC USCPC PC SCPC  USCPC USCPC
- Heat Rate (HHV) - Btu/kWh | 8795 8268 7975 7187 | | 8795 8268 7975 7187 |
- Efficiency - HHV% 38.8% 41.3% 42.8%  47.5% 38.8% 41.3% 42.8%  47.5%
- Efficiency - LHV% 43.1% 45.8% 475%  52.7% 43.1% 45.8% 475%  52.7%
- Thermal Input - mmBtu | 850 850 850 850 | [ 850 850 850 850 |
- Rating - MW @850 mmBtu/hr 96.65 102.80 106.58  118.28 96.65 102.80 106.58  118.28
Emissions - Ib-CO2/MWh
- Unabated | 1836.7  1726.8  1665.6  1500.9 | | 1896.2 17827  1719.6  1549.5 |
- Applicable Threshold
- Interim 1534 1534 1534 1534 1534 1534 1534 1534
- Final 1305 1305 1305 1305 1305 1305 1305 1305
CCS % required to meet final threshold  28.95%  24.43%  21.65% 13.05% 31.18%  26.80%  24.11% 15.78%
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“The (New) War on Coal”- EPA NSPS 2015

Supercritical PC NGCC
Case 11 12 13 14
CO2 Capture No Yes No Yes
Gross Power Output - kWe 580,400 662,800 564,700 511,000
Auxilliary Power Requirements - kWe 30,410 112,830 9,620 37,430
Report Net Power Output - kWe 549,990 549,970 555,080 473,570
Net Plant HHV Efficiency - % 39.30% 28.40% 50.20% 42.80%
Net Plant HHV Heat Rate - Btu/kWh 8,687 12,002 6,798 7,968
Total Plant Cost - $/kW 1995 3583 725 1509 SCPC VS NG CC
Total Overnight Cost - $/kW 2452 4391 891 1842 - -
Total as Spent Cost - $/kW 2782 5006 957 1986 First Cost $/kW is ~3x
LCOE - mils/kWh 80.95 137.28 59.59 86.58 LCOE iS 1 35X
CO2 Emissions - Ib/MWh 1768 244 804 94 EffICIenCy |S ~3/4
w/Natural Gas at $6.13
$/MMBtu 2.94 2.94 6.13 6.13
Load Factor 85% 85% 85% 85%
kW Nominal Gross 580,411 662,836 559,532 593,471 H
550,000 kW Nominal Net 550,000 550,000 550,000 550,000 CCS IS tOtaI Iy
Toal as Spent Capiial]  $1,520,834,783 $275300207  S06023607  $1092,280,160 eliminated as a viable
Cost Premium vs. NGCC Case 13 1,003,611,175 2,227,068,690 - 566,056,553 Optl on
kWh/year 4,095,300,000 4,095,300,000 4,095,300,000 4,095,300,000
MMBtu/year 35,575,871 49,151,791 27,839,849 32,631,350
Annual Fuel $104,593,061 $144,506,264 $170,658,277 $200,030,178
Fuel Cost vs. NGCC Case 13 ($66,065,216) ($26,152,012) - $29,371,901
LCOE $331,514,535 $562,202,784 $244,038,927 $354,571,074
Fuel% 31.6% 25.7% 69.9% 56.4%
$70.00 per tonne $229,892 $31,726 $105,511 $10,524
CO2 Cost vs. NGCC Case 13 $124,381 ($73,785) - ($94,987)
tonnes-CO2/year 3,284 453 1,507 150
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Power Engineering

Updated Estimates of Power Plant
Capital and Operating Costs
PloniType Plant Cost (2012$)/kW

- | Without CCS

With CCS

" vunced

Pulverized Coal 93,246 9,227
Dual Advanced

Pulverized Coal 92,934 54,724
Single IGCC $4 400 $6.599
Advanced Combined ls1.023 s
Cycle =5

(April 2013) (DOE Repon).

Source: U.S. Deparfment of Energy, U.S. Energy Information Administration,
Updated Capital Cost Estimates for Utilify Scale Electricify Generating Plants

“It’s still 5X”
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Is that Good Enough?

The World 33,457 Mt (33.457 Gt)
The USA 6,000
PowerGen 2,416
EPA/CPP 1,600-1,800
iog : i:égg _EPA CPP Track
2°C/450 ppm - 16Gt ~ 200-500
No..

...and that does not even consider that the non-PowerGen
CO2 sources will face much greater challenges to achieve
targets than PowerGen

base,
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Pete’s Pet Peaves

This is water vapor

Cost or Price Thisisa |

smoke stack

It’s Climate Change....
....hot Global Warming

1 Short Ton = 2000 Ibs

These are cooling towers

1 metric tonne = 2205 Ibs
base,
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What Should We Do Now?

— Put a Value on CO,
— My favorite - “CO, Waste Disposal Fee”
— Get the “politico’s out of the process

Make CCS & Nuclear
“OK, 1.e., Green”

— Drive CCS for all Power Plants at 300 1b-CO,/MWh

— Forces capture for all types of Power Plants
— Incents NGCC to design “Capture Ready

Policy Parity

— Uses the lower cost of natural gas to offset the added cost of CCS
— Actually get on the “learning curve” and the trajectory to 2°C/450PPM

— Supports all clean motor vehicle applications

— Accelerate CCS selection & pre-permitting process for “solutions”

— Capture processes
— Pipelines
— Storage sites

Put a price on CO, and a
value on Miami!

— Eliminate distorting Renewable Portfolio Standards & Production Tax Credits
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AEO2014 Cost & Performance New Generating Tech

®

Base
Overnight Project Technological Total Overnight Variable Fixed Heatrate®  nth-of-a-kind

Online Size leadtime Costin2013 Contingency Optimism Cost in 20137 o&mM” O&M in 2013 Heatrate
Technology Year'  (MW] (years) (2012 $/kw) Factor’ Factor® (2012 $/kw) (2012 $/MWh) (20125 /kW-yr.) (Btu/kWh) (Btu/kWh)
Scrubbed Coal New 2017 1300 4 2734 1.07 1.00 2925 447 3118 8,800 8740
Integrated Coal-Gasification
Comb Cycle (IGCC) 2017 1200 4 3,525 1.07 1.00 3,771 722 51.39 3,700 7450
IGCC with carbon
sequestration 2017 520 i | 5,958 1.07 1.03 6,567 8.45 72.84 10,700 8,307
Conv Gas/0il Comb Cycle 2016 620 3 871 1.05 1.00 915 3.60 13.17 7,050 6,800
Adv Gas/0il Comb Cycle {CC) 2016 400 3 945 1.08 1.00 1,021 3.27 1537 6,430 6,333
Adv CC with carbon
sequestration 2017 340 3 1,856 1.08 1.04 2,084 6.78 31.79 7,525 7493
Conv Comb Turbine® 2015 8s 2 924 1.05 1.00 971 15.45 734 10,817 10,450
Adv Comb Turbine 2015 210 2 641 1.05 1.00 673 1037 704 9,750 8,550
Fuel Cells 2016 10 3 6,099 1.05 1.10 7,044 4299 0.00 9,500 6,960
Adv Nuclear 2019 2234 6 4,763 1.10 1.05 5,501 214 93.28 10,4564 10,464
Distributed Generation - Base 2016 2 3 1414 1.05 1.00 1,485 1.76 1745 9,027 2,900
Distributed Generation - Peak 2015 1 2 1,698 1.05 1.00 1,783 176 17.45 10,029 9,880
Biomass 2017 50 4 3,590 1.07 1.02 3,919 526 10564 13,500 13,500
Geothermal™® 2016 50 4 2,375 1.05 1.00 2494 0.00 11292 9,716 9,716
Municipal Solid Waste 2014 50 3 7,751 1.07 1.00 8,294 8.75 39281 18,000 18,000
Conventional Hydropowe r 2017 500 4 2,213 1.10 1.00 2,435 2.65 14.83 9,716 9,716
Wind 2014 100 3 2,061 1.07 1.00 2,205 0.00 39.55 9,716 9,716
Wind Offshore 2017 400 4 4,503 1.10 125 6,192 0.00 74.00 9,716 9,716
Solar Thermal’ 2016 100 3 4,715 1.07 1.00 5,045 0.00 67.26 9,716 9,716
Photaveltaic’*” 2015 150 2 3,39 1.05 1.00 3,564 0.00 24.69 9,716 9,716

AEO 2014 Early Release
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Nominal Power Plant Comparisons
Intagratad Gacioation Combinad Cyols FPulwarized Coal Boller e
GEE CoP dhall P Suboritioal PG Supsrorttioal Advanosd F Clacs
Cace 1 Caga 2 Cace 3 Cace 4 Cace & Caps B Cacat | Cacaild | Cace 11| Coceil | Cacs 13 | Coace 14
o0y Capturs 42 i Hio Yag Ma -] I b Mo -] ] Yes
Brocs Powsr Output (kW) TT0350 | T4&85€0 | T4Z590 | SS3.540 | TEEOR] | E93,555 | SRS | 679523 | SED2SD | BE3445 | STO,200 | 520,090
Auxlllary Fowsr Rsquirsmasnt (ki) 120,900 | 165,285 | 119,140 175,600 112,170 178420 | 3287 130,210 30,110 117,450 9,240 3-E.EIII_
| Mt Powsr Cutout (kLI 0250 | EERETS | E23,3T0 | SiE24D | S3LEE] | S1F135 | SEQ445 | SE9E13 | SEDSD | 5455595 | So0,380 | 481,550
Coal Flowrats (bhr 459634 | 500379 | 453,889 | 47TESE | 452620 | 473075 | 437500 | e455E9 | 499282 | SEEEIT | MA HA
Hatural Gas Flowrate b MR, A A M s M A MiA, A MR 165,182 | 1EE,182
HHV Thesrmal Inpat (KW, 167,042 | 1,710, 7ED | 1,588,033 | 1,E3E 779 | 1547493 | 1,647,772 [ 145954T9) Z 210,668 | 1,406, 151| 2005650 | 1,103,363 1,903,363
Faat Flant HHY EMialanoy (%) BI% 125% /3% 1. T% 41.1% 0% 6. H% 24 5 0.1% I7.1% E0LE% 41T%
Feat Plant HHY Haat s {Bhafkw-hir} £322 10,505 B.581 10,757 204 10,674 927k 13,724 B, 721 12,534 €719 1813
Rarw Watsr Licags, gpm 4,003 4575 3,757 4,135 K v 4563 6212 12,187 S 10,444 2,511 3,901
Tofal Flant Coct (§ x 1,000) 1,120,519 ) 1,323,209 | 1,020,166 | 1,255,862 | 1256810 | 1375524 | BE2612 | 1,591,277 | 966331 | 1,557,073 | 310,740 | 564,528
Tofal Flant Cost (EKW) 1,813 2,350 1,732 243 1577 2,EEE 1,545 2,B55 1,575 2,8Mm 554 1172
LCOE [millik'wh)' 7a.0 102.5 T5.3 1057 ED.S 110.4 O 118.8 £33 114.58 8.4 T4
Ciy, Ernlcciont {Ibfhr) 123,781 | 1ML476 | 1,078,144 | 121328 | 1054229 | 103,041 | 9,028,110) 152575 | STEITO | 13EE81 | 4452350 | 24834
20y Emisslont (boneiyear] @ cF JearTae ) 40424 | 3TN | SEDATE | 3550,990 | 351,055 |3GS4B8d] 589524 3631301 SME3:0 | 1.881,73) 165172
20, Emissions (bonnachyear) i CF' 15T IET | 63806 | 3427156 417488 | 3381151 | 3IF.E48 (3506 1ES] S16EET |3,254.280| 45E352 | 1.507496) 150,750
0y Ernleziont {IB/MMER U} 197 196 153 35 200 187 203 20 0z 20 115 113
G0y Emlczlons T 1,458 154 1452 18 1,409 145 1,7ED 235 1 e8] 208 783 BS 3
m,mm 1,755 20e 1,730 253 1,E58 195 1,886 aTE 1,773 254 a7 53

' Capaotty faofor be B0 for IGCC cacas and B6% for PC and HOCT 0aess

yalus o bacsd on groes cutput
Iyvalus |o bacad on met output

Note magnitude of Auxiliary Power

Cost and Performance Baseline for

Fossil Energy Plants

[DOE/NETL-2007/1281 |
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U.S. GHG Gas Emissions & Sinks — CO,

Gas/Source 1990 2005 2009 2010 2011 2012 2013
CO2 5,123.7 6,134.0 5,500.6 5.704.5 5,568.9 5,358.3 5,505.2
Fossil Fuel Combustion 4.740.7 5.747.7 5.197.1 5.367.1 5.231.3 5.026.0 5,157.7

| Electricity Generation 1.820.8 2.400.9 2.145.7 22584 2.,157.7 2022.2 2.039.8

Transportation 1.493.8 1.887.8 1.720.3 1.732.0 1.711.5 1.700.8 1.718.4

Industrial 842.5 §27.8 727.7 775.7 774.1 784.2 §17.3

Residential 338.3 357.8 336.4 3347 327.2 283.1 329.6

Commercial 2174 2235 2235 220.2 221.0 197.1 220.7

U.S. Territories 279 499 43.5 46.2 39.8 38.6 32.0
Non-Energy Use of Fuels 117.7 138.9 106.0 114.6 1084 104.9 119.8
Iron and Steel Production &

Metallurgical Coke Production 99.8 66.7 43.0 55.7 60.0 54.3 523
Natural Gas Systems 37.6 30.0 32.2 32.3 35.6 34.8 37.8
Cement Production 33.3 459 294 31.3 32.0 35.1 36.1
Petrochemical Production 21.6 28.1 237 274 26.4 26.5 26.5
Lime Production 11.7 14.6 11.4 13.4 14.0 13.7 14.1
Ammonia Production 13.0 9.2 8.5 9.2 9.3 9.4 10.2
Incineration of Waste 8.0 12.5 11.3 11.0 10.5 10.4 10.1
Petrolenm Systems 4.4 4.9 4.7 4.2 4.5 5.1 6.0
Liming of Agricultural Soils 4.7 4.3 F 4.8 3.9 5.8 5.9
Urea Consumption for Non-

Agricultural Purposes 38 3.7 34 4.7 4.0 4.4 4.7

b asee EPA GHG Inventory 1990-2013 Table ES-2 (page 1)
®
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U.S. GHG Gas Emissions & Sinks — CO,

Other Process Uses of Carbonates 49 6.3 7.6 9.6 9.3 8.0 44
Urea Fertilization 2.4 3.5 3.6 3.8 4.1 4.2 4.0
Aluminum Production 6.8 4.1 3.0 2.7 33 34 33
Soda Ash Production and

Consumption 2.7 2.9 2.5 2.6 2.6 2.7 2.7
Ferroalloy Production 2.2 1.4 1.5 1.7 1.7 1.9 1.8
Titanium Dioxide Production 1.2 1.8 1.6 1.8 7 1.5 1.6
Zinc Production 0.6 1.0 0.9 1.2 1.3 1.5 1.4
Phosphoric Acid Production 1.6 14 1.0 1.1 1.2 1.1 1.2
Glass Production 1.5 1.9 1.0 1.5 1.3 1.2 1.2
Carbon Dioxide Consumption 1.5 14 1.8 1.2 0.8 0.8 0.9
Peatlands Remaining Peatlands 1.1 1.1 1.0 1.0 0.9 0.8 0.8
Lead Production 0.5 0.6 0.5 0.5 0.5 0.5 0.5
Silicon Carbide Production and

Consumption 0.4 0.2 0.1 0.2 0.2 0.2 0.2
Magnesium Production and

Processing + + + + + + +
Land Use, Land-Use Change, and

Forestry (Sink)? (775.8) (911.9) (870.9)  (871.6) (881.0) (880.4)  (881.7)
Wood Biomass and Ethanol

Consumption® 219.4 2298 250.5 265.1 268.1 267.7 283.3
International Bunker Fuels® 103.5 113.1 106.4 117.0 111.7 105.8 99.8

b asee EPA GHG Inventory 1990-2013 Table ES-2 (page 2)
®
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U.S. GHG Gas Emissions & Sinks — CH4 Methane

CHy T45.5 707.8 709.5 667.2 660.9 047.6 636.3
Enteric Fermentation 164.2 168.9 172.7 171.1 168.7 166.3 164.5
Natural Gas Systems 179.1 176.3 168.0 159.6 159.3 1544 157.4
Landfills 186.2 165.5 158.1 121.8 121.3 1153 114.6
Coal Mining 96.5 64.1 79.9 82.3 71.2 66.5 64.6
Manure Management 37.2 56.3 59.7 60.9 61.4 63.7 61.4
Petroleum Systems 31.5 235 21.5 21.3 22.0 23.3 252
Wastewater Treatment 15.7 15.9 15.6 15.5 15.3 15.2 15.0
Rice Cultivation 9.2 8.9 9.4 11.1 8.5 9.3 8.3
Stationary Combustion 8.5 7.4 7.4 7.1 7.1 6.6 8.0
Abandoned Underground Coal

Mines 7.2 6.6 6.4 6.6 6.4 6.2 6.2
Forest Fires 2.5 8.3 5.8 4.7 14.6 15.7 5.8
Mobile Combustion 5.6 3.0 2.3 2.3 2.3 2.2 2.1
Composting 0.4 1.9 1.9 1.8 1.9 1.9 2.0
Iron and Steel Production &

Metallurgical Coke Production 1.1 0.9 0.4 0.6 0.7 0.7 0.7
Field Burning of Agricultural

Residues 0.3 0.2 0.3 0.3 0.3 0.3
Petrochemical Production 0.2 0.1 + 0.1 + 1 0.1
Ferroalloy Production + + + + + +
Silicon Carbide Production and

Consumption + + + + + + +
Peatlands Remaining Peatlands + + + + + + +
Incineration of Waste + + + + + + +
International Bunker Fuels® 0.2 0.1 0.1 0.1 0.1 0.1 0.1

b asee EPA GHG Inventory 1990-2013 Table ES-2 (page 3)
®
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U.S. GHG Gas Emissions & Sinks — N,O

N:0 329.9 355.9 356.1 360.1 371.9 365.6 355.2
Agricultural Soil Management 224.0 243.6 264.1 264.3 265.8 266.0 263.7
Stationary Combustion 11.9 20.2 204 22.2 213 214 229
Mobile Combustion 412 38.1 246 237 225 20.2 18.4
Manure Management 13.8 164 17.0 17.1 17.3 17.3 17.3
Nitric Acid Production 12.1 11.3 9.6 11.5 10.9 10.5 10.7
Wastewater Treatment 34 4.3 4.6 4.7 4.8 4.9 4.9
N20 from Product Uses 4.2 4.2 4.2 4.2 4.2 42 42
Adipic Acid Production 15.2 7.1 2.7 4.2 10.2 5.5 4.0
Forest Fires 1.7 5.5 3.8 3.1 9.6 10.3 3.8
Settlement Soils 1.4 2.3 22 24 2.5 25 24
Composting 0.3 1.7 1.7 1.6 1.7 1.7 1.8
Forest Soils 0.1 0.5 0.5 0.5 0.5 0.5 0.5
Incineration of Waste 0.5 0.4 0.3 0.3 0.3 0.3 0.3
Semiconductor Manufacture + 0.1 0.1 0.1 0.2 0.2 0.2
Field Burning of Agricultural

Residues 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Peatlands Remaining Peatlands + + + + + + +
International Bunker Fuels® 0.9 1.0 0.9 1.0 1.0 0.9 0.9
b asee EPA GHG Inventory 1990-2013 Table ES-2 (page 4)
®
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U.S. GHG Gas Emissions & Sinks — HFC s+

HFCs 46.6 131.4 142.9 152.6 157.4 159.2 163.0
Substitution of Ozone Depleting
Substances? 0.3 111.1 136.0 144.4 148.4 153.5 158.6
HCFC-22 Production 46.1 20.0 6.8 8.0 8.8 5.5 4.1
Semiconductor Manufacture 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Magnesium Production and
Processing 0.0 0.0 + + + + 0.1
PFCs 24.3 6.6 3.9 4.4 6.9 6.0 5.8
Aluminum Production 21.5 34 1.9 1.9 3.5 2.9 3.0
Semiconductor Manufacture 2.8 32 2.0 2.6 34 3.0 2.9
SFs 31.1 14.0 9.3 9.5 10.0 7.7 6.9
Electrical Transmission and
Distribution 254 10.6 7.3 7.0 6.8 5.7 5.1
Magnesium Production and
Processing 52 2.7 1.6 2.1 2.8 1.6 1.4
Semiconductor Manufacture 0.5 0.7 0.3 0.4 0.4 0.4 0.4
NF; + 0.5 0.4 0.5 0.7 0.6 0.6
Semiconductor Manufacture + 0.5 0.4 0.5 0.7 0.6 0.6
Total Emissions 6.301.1 7,350.2 6,722.7 6.898.8 6.776.6 6,545.1 6.673.0
Total Sinks? (775.8) (911.9) (870.9) (871.6) (881.0) (880.4) (881.7)
Net Emissions (Sources and Sinks)  §,525.2 6.438.3 5,851.9 6,027.2 58956 5,664.7 5,791.2
b asee EPA GHG Inventory 1990-2013 Table ES-2 (page 5)
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