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Fuel Value Chain Systemic Shocks

— Qil
— Oil price
— U.S. shale oil production
— U.S. crude oil export restrictions
— Natural Gas
— Oil-linked price indexing Asia & EU
— Developing resource worldwide

— Technology
— Seismic & imaging tools
— Horizontal drilling
— Fracking

— Environmental Issues
— Climate Change
— Oil-Water nexus

- LNG_export _ — Pipelines & tank cars
— Russian gas to EU or China — Fracking methods & produced water disposal
— Coal -

Canadian “Dirty Oil” resources
— EPA New Source Performance Standard

— EPA Clean Power Plan

Nuclear waste disposal
— Geo-Political Instabilities

— Nuclear — Russia/Ukraine
— Continuing Fukushima effects — Iran Sanctions
— Renewables — Irag/Syria/Yemen/Libya
— System integration — Nigeria/Venezuela
— Energy storage — Supply Shortfalls
— Renewable Portfolio Standards (RPS) ~ UK
— Production Tax Credits (PTC) — Mexico

— Brazil
— Territorial Disputes/Issues

— South China S
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Primary Energy Consumption by Fuel - Mtoe

Consumption by fuel*
2013 2014

Qil Natural Coal Nuclear Hydro Renew - Total Qil Natural Coal Nuclear Hydro Renew - Total Percent of
Million tonnes oil equivalent Gas Eneray electric ables Gas Energy electric ables 2014
us 832.1 675.8 454.6 187.9 61.4 58.7 2270.5 836.1 695.3 453.4 189.8 59.1 65.0 2298.7 17.8%
Canada 103.5 935 20.8 231 88.5 4.8 334.3 103.0 93.8 21.2 24.0 85.7 4.9 332.7 2.6%
Mexico 89.7 76.2 13.4 2.7 6.2 3.4 1915 85.2 77.2 14.4 2.2 8.6 3.7 191.4 1.5%
Total North America 1025.3 845.5 488.8 213.7 156.1 66.9 2796.3 1024.4 866.3 488.9 216.1 153.5 73.6 2822.8 21.8%
Brazil 135.2 33.6 16.5 3.3 88.5 11.9 288.9 1425 35.7 15.3 3.5 83.6 15.4 296.0 2.3%
Total S. & Cent. America 317.8 151.6 33.6 4.7 160.4 16.9 684.9 326.5 153.1 31.6 4.7 155.4 21.5 692.8 5.4%
France 79.3 38.6 11.8 95.9 15.8 5.9 247.2 76.9 32.3 9.0 98.6 14.2 6.5 2375 1.8%
Germany 113.4 74.2 81.7 22.0 5.2 29.3 325.8 1115 63.8 77.4 22.0 4.6 317 311.0 2.4%
ttaly 60.8 57.8 14.0 - 11.9 134 157.9 56.6 51.1 13.5 - 12.9 14.8 148.9 1.2%
Russian Federation 146.8 372.1 90.5 39.0 41.3 0.1 689.9 148.1 368.3 85.2 40.9 39.3 0.1 681.9 5.3%
Spain 59.0 26.1 11.4 12.8 8.3 16.3 133.9 59.5 23.7 12.0 13.0 8.9 16.0 133.0 1.0%
Turkey 33.6 411 31.6 - 13.4 2.3 122.0 33.8 43.7 35.9 - 9.1 2.8 125.3 1.0%
Ukraine 11.9 41.0 41.4 18.8 3.1 0.3 116.6 10.2 34.6 33.0 20.0 1.9 0.4 100.1 0.8%
United Kingdom 69.3 66.1 37.1 16.0 11 111 200.6 69.3 60.0 29.5 14.4 13 13.2 187.9 1.5%
Total Europe & Eurasia 869.3 954.7 508.2 262.9 201.9 114.7 2911.7 858.9 908.7 476.5 266.1 195.7 124.4 2830.3 21.9%
Iran 95.1 143.4 1.1 0.9 3.4 0.1 244.0 93.2 153.2 11 1.0 3.4 0.1 252.0 1.9%
Saudi Arabia 132.4 90.0 0.1 - - n 222.5 142.0 97.4 0.1 - - n 239.5 1.9%
Other Middle East 76.8 405 0.1 - 2.0 " 1195 76.0 40.4 0.1 - 18 n 118.3 0.9%
Total Middle East 382.5 393.9 10.3 0.9 5.4 0.2 793.3 393.0 418.6 9.7 1.0 5.2 0.3 827.9 6.4%
South Africa 27.8 35 88.7 3.4 0.3 0.1 123.6 29.1 3.7 89.4 3.6 0.3 0.6 126.7 1.0%
Other Africa 91.0 28.5 7.6 - 23.2 1.3 151.5 93.6 274 8.2 - 24.2 1.8 155.3 1.2%
Total Africa 172.2 108.2 96.6 3.4 26.4 1.8 408.6 179.4 108.1 98.6 3.6 27.5 2.9 420.1 3.2%
Australia 46.9 26.3 449 - 4.4 3.7 126.2 45.5 26.3 43.8 - 3.3 4.1 122.9 1.0%
China 503.5 153.7 1961.2 253 208.2 46.1 2898.1 520.3 166.9 1962.4 28.6 240.8 53.1 2972.1 23.0%
India 175.3 46.3 324.3 75 29.8 125 595.7 180.7 45.6 360.2 7.8 29.6 13.9 637.8 4.9%
Indonesia 73.1 32.8 57.6 - 3.8 2.2 169.6 73.9 345 60.8 - 3.4 2.2 174.8 1.4%
Japan 207.5 102.2 128.6 3.3 19.0 9.5 470.1 196.8 101.2 126.5 - 19.8 11.6 456.1 3.5%
South Korea 108.3 47.3 81.9 314 1.0 0.9 270.8 108.0 43.0 84.8 354 0.8 1.1 273.2 2.1%
Total Asia Pacific 1412.1 598.8 2729.5 78.1 311.4 82.5 5212.3 1428.9 610.7 2776.6 82.5 341.6 94.2 5334.6 41.3%

Total World 4179.1 12807.1 4211.1 3065.5 879.0 316.9 plepis]  100.0%
32.6% 23.8% 30.2% 4.4% 6.7% 2.2% 100.0% 32.6% 23.7% 30.0% 4.4% 6.8% 2.5% 100.0%

b a.see 513.3 Quads =12,928.4 Mtoe
®
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World Energy Consumption - Quads

world energy consumption by fuel
quadrillion Btu

History 2010 Projections
250
28%
200 27%
Liquids 349 23%
(including biofuels) Share of
150 world total
Natural gas
15%
100
Renewables
(excluding biofuels)
— T%
50 0
— ‘/m
5% Note: Change in Share
0

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040

Source: EIA, International Energy QOutlook 2013
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Energy Pricing
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Pricing Anomalies in a State of Flux

FIGURE 10 Energy prices
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Source: Worid Bank.

Natural Gas differentials
driving LNG and/or pipeline
Investment decisions

Production/Demand Imbalance
Driving Oil Price Lower

FIGURE 11 Matural gas prices
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Source: World Bank.
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Recoverable Shale Resources - 2013

Table 1. Comparison of the 2011 and 2013 reports Table 5. Top 10 countries with technically recoverable shale oil resources
Shale oil
ARI report coverage 2011 Report 2013 Report ank Country (billion barrels)
Mumber of countries 3z a1 1 Bussia 75
Mumber of basins 48 95 z us' s8 (4E)
. 3 Cchina 32
Number of formations 1] 137
) ) ) 4 Argentina 27
Technically recoverable resources, including .5, 5 lbya 26
shale gas (trillion cubic feet) 6,622 7,299 & venezuela 13
Shale / tight ol [billion barrels) 3z 345 7 Mexico 13
. . . B Pakistan El
Mote: The 2011 report did not include shale oil; however, the Annual Energy
El canada El
Dutlook 2011 did [for only the U5} and is included here for completenass i
10 Indonesia B
‘world Total 345 [335)
Figure 1. Map of basins with assessed shale oil and shale gas formations, as of May 2013 1 El4 estimates used for ranking order. ARI estimates in parentheses.
Table 6. Top 10 countries with technically recoverable shale gas resources
shale gas
Rank Country [trillizn cubic feet)
1 china 1,115
2 Argentina B02
3 algeria 707
4 us'  B8s [1,161)
5 Canada 573
- G Mexico 545
Legend . M i
B fctevzed basns wth rescurce sstmate | g i ’ Australia 437
VL_A.‘-.‘-G L nlh:luh-ln::’ -:l.mm 5 - E muth Af[l[a 3%
A ¢ et ‘ .
9 Russia 285
Source: United States basins from U.S. Energy Information Administration and United States Geological Survey; other basins i
from ARI based on data from various published studies. 10 Brazil 245
world Total 7,299 |7,785)
a ; ‘ EIA/ARI Technically Recoverable Shale Resources - 2013 * Bl estimates used for ranking order. ARI estimates in parentheses.
- e
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A Decade of Reserve Changes

A DECADE OF RESERVES CHANGES

rabie1 RUSSIAN OIL

World OPEC woridgas, PRODUCTION  Tabie2

Jan. 1 1,000 hbl hef

_ : 1,000 b/d
2015 1,655,924 908 1,206,170,000 6,966,138 -
2014 1,647,444.295 1,200,840,000 6.942 320 2014* 10,490
2013 1,640,497,209 1,199,710,000 6,871,924 2013 10,423
2012 1,520,094,835 1,112,850,000 6,746,581 2012 10,318
2011 1,469,614,970 log0,  1,064,790,000 |3304 6,647,341 140, 29011 10,330
2010 1,354,182,395 951,277,000 6,609,346 2010 10,2001 , o,
2009 1,342,207,320 944,017,000 6,254,363 2009 9917
2008 1,331,698.077 927.482.000 6,185,693 2008 9,750
2007 1,317,447 415 902,343,000 6,182,692 2007 9,830
2006 1,293,344.534 | 901,659,000 | 6,101,158] %882 g,éllgg

Source: OGJ Worldwide Production Reports

base,

*Estimate.

O&G Journal Dec 2014
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U.S. Electric Utility Fuel Cost — 2001 to 2014

Electric utility fuel costs, 2001-2014

Constant 2001 $ per Million BTU Ty

e COQl

st NAt']1 Gas

~$7.50

.....

R N N N e e e e ©

$0.00 | e

2001 2003 2005 2007 2009 2011 2015
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Source: ACCCE, Trisko (2014)

~$3.50
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Competitive Positioning Based on EPA NSPS-2014

Case 12 vs. Case 13

— BX first cost

— Y5 the efficiency

— Coal cost up
44% since 2010

— Coal cost up
80% since
original 2007
baseline

Source data:
DOE/NETL- Baseline
341/082312

August 2012

DOE/NETL- Baseline

2010/1397
November 2010

base,

Case

CO2 Capture

Gross Power Output - kWe

Auxilliary Power Requirements - kWe
Report Net Power Output - kWe

Net 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

CO2 Emissions - Ib/MWh
$/MMBtu
Load Factor

kW Nominal Gross
kW Nominal Net

550,000

Total as Spent Capital
Cost Premium vs. NGCC Case 13

kWh/year
MMBtu/year

Annual Fuel
Fuel Cost vs. NGCC Case 13

LCOE
Fuel%

$60.00 per tonne

CO2 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%
8,687 12,002 6,798 7,968
1995 3583 725 1509
2452 4391 mm o e =891 1842
2782 5006 957 1986
80.95 137.28 €= = = == 59.59 86.58
1768 244 804 94
2.94 2.94 6.13
85% 85% 85% 85%
580,411 662,836 559,532 593,471
550,000 550,000 550,000 550,000

$1,529,834,783
1,003,611,175

4,095,300,000
35,575,871

$104,593,061
($66,065,216)

$331,514,535
31.6%

$197,051
$106,612

3,284

$2,753,292,297
2,227,068,690

4,095,300,000
49,151,791

$144,506,264
($26,152,012)

$562,202,784
25.7%

$27,194
($63,244)

453

$526,223,607

4,095,300,000
27,839,849

$170,658,277

$244,038,927

$90,438

1,507

$1,092,280,160
566,056,553

4,095,300,000
32,631,350

$200,030,178
$29,371,901

$354,571,074
56.4%

$9,021
($81,417)

150
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At $4.00/mmBtu gas

for NGCC is 1/3 of Coal w/CCS




Power Engineering

Updated Estimates of Power Plant
Capital and Operating Costs

Plant Type Plant Cost (20128)/kW

Without CCS With CCS
Ejrileﬁg;gngggl > 54,724
Single IGCC 34,400 $6,599
gs;/loenced Combined Sl 023 $2 095

(April 2013) (DOE Repor.

Source: U.S. Department of Energy, U.S. Energy Information Administration,
Updated Capital Cost Estimates for Utility Scale Electricity Generating Plants

“It’s still 5X>
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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

000 1,500 2,000 2500 3,000 3500 4,000 4500

It’s working exactly as planned!
base And, BTW, killing CCS and
® e Nuclear in the process
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AEO 2015 Long Term Fuel Cost Scenarios

Figure ESL. North Sea Brent crude oil spot prices in Fi%m'FlE 53-;“;"-"3? Hfu_l;‘[' E__ll‘j ]GELJEIP:'I'IH]GI for
R N T Rl | E -« ner barvell natural gas in four cases, 2005-40 (2013 dollars per
four cases, 2005-40 (2013 dollars per barrel) million Btu) $7.80
4o . History 2013 Projections //
Hictory 2013 Frojections A
300
High Gil Pric //
8 -~
250 L $4.50
Refernce ,/‘/
200 : —
Low il Price A/'/
180 2 ",ﬂ P
High Qil and Gas Resource
100
o T ! 1
A 2005 2013 2020 2025 2080 2035 2040
= 1
5’0 /1 ’ II
7 . J/ /
/H'Eh Oil and Ga= HEEMD}E/ 7 Figure 8. Average delivered coal prices in six cases,
0 A / 7 1990-2040 (2013 dellars per million Btu)
" v : ' B o _ o )
20 /2013 2020 2025 2030 2035, 2040 45 Mstoy 2013 Projections _.-3$310
/ y K : [ Low Economic Growth Pad
va — 7 High Ecomomiic Growth L~
p / K; ~ Refersnce Vg
Vs % 7 a0 High Gil Price e
// /’ ’I e = G“~~
/ 4 ] o g N [T~
/ J/ / G =~ .$275
“UP” ,," I/ 25 _._-_-:j"";-"" Low il Prige
/ / o
i / High Oil and Gas Resource
’ 1
’ 7 20 —
$140 L
$75
1.5
b B
o - - - T )
® aS e e 1@ 2000 2013 2020 2030 2040
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Oil
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Crude Oil Consumption —92.1 MMbbl/d

Oil: Consumption * Change 2014
2014 over share
Thousand barrels daily 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2013 of total
us 20732 20802 20687 20680 19490 18771 19180 18882 18490 18961 19035 0.5% 19.9% ]
Canada 2309 2288 2295 2361 2315 2190 2316 2404 2372 2383 2371 -0.5% 2.4%
Mexico 1983 2030 2019 2067 2054 1996 2014 2043 2063 2020 1941 -5.0% 2.0%
Total North America 25023 25119 25002 25109 23860 22957 23511 23330 22926 23364 23347 -0.1% 24.3% F 1/3
Brazil 2050 2108 2139 2297 2452 2486 2701 2813 2860 3048 3229 5.4% 3.4%
Total S. & Cent. America 5058 5214 5384 5672 5911 5930 6220 6454 6599 6913 7125 2.7% 7.8% 4
France 1963 1946 1942 1911 1889 1822 1763 1730 1676 1664 1615 -3.0% 1.8% =
Germany 2619 2592 2609 2380 2502 2409 2445 2369 2356 2408 2371 -1.7% 2.6%
ltaly 1850 1798 1791 1740 1661 1563 1532 1475 1346 1288 1200 -6.9% 1.3%
Russian Federation 2660 2679 2761 2780 2866 2774 2895 3096 3137 3179 3196 0.9% 3.5%
Spain 1575 1594 1592 1613 1557 1473 1394 1377 1285 1194 1205 0.8% 1.4%
United Kingdom 1766 1806 1788 1716 1683 1610 1588 1532 1520 1494 1501 . 1.6%
Total Europe & Eurasia 20076 20199 20366 20098 20017 19210 19125 19007 18551 18450 18252 -1.2% 20.4% i 1/3
Iran 1549 1700 1845 1875 1960 2012 1874 1910 1928 2038 2024 -2.0% 2.2%
Saudi Arabia 1913 2013 2084 2203 2378 2593 2793 2838 2991 3000 3185 7.3% 3.4%
Total Middle East 5940 6346 6469 6764 7212 7530 7766 7985 8296 8450 8706 2.8% 9.3%
Other Africa 1470 1535 1536 1578 1699 1740 1828 1737 1861 1924 1985 2.9% 2.2%
Total Africa 2777 2919 2923 3062 3229 3301 3479 3390 3561 3650 3800 4.2% 4.3% J
Australia 865 897 930 937 950 943 955 997 1029 1022 998 -2.9% 1.1%
China 6740 6923 7437 7817 7937 8212 9266 9791 10231 10664 11056 3.3% 12.4%
India 2556 2606 2737 2941 3077 3237 3319 3488 3685 3727 3846 3.0% 4.3%
Indonesia 1299 1285 1247 1299 1294 1334 1458 1567 1599 1615 1641 1.0% 1.8%
Japan 5270 5354 5174 5014 4848 4389 4442 4439 4688 4521 4298 -5.2% 4.7% l /3
Singapore 732 796 848 922 974 1049 1157 1216 1204 1235 1273 2.3% 1.6%
South Korea 2294 2312 2320 2399 2308 2339 2370 2394 2458 2455 2456 -0.3% 2.6%
Taiw an 1057 1053 1052 1110 1005 982 1011 946 946 980 992 1.0% 1.0%
Thailand 1025 1041 1023 1026 1007 1062 1118 1170 1244 1255 1274 1.6% 1.3%
Total Asia Pacific 24232 24614 25184 26035 25887 26138 27766 28808 29914 30415 30856 1.2% 33.9%

Total World 83107 84411 85328 86741 86115 85066 87867 88974 91243

®
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Crude Ol1l Production — 88.6 MMbbl/d

Oil: Production * Change 2014

2014 over share
Thousand barrels daily 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2013 of total
us 7250 6897 6827 6860 6784 7260 7556 7861 8904 10069 11644 15.9% 12.3%
Canada 3080 3041 3208 3290 3207 3202 3332 3515 3740 3977 4292 7.9% 5.0%
Mexico 3830 3766 3689 3479 3165 2978 2959 2940 2911 2875 2784 -3.3% 3.2%
Total North America 14160 13704 13724 13629 13156 13441 13847 14316 15555 16921 18721 10.5% 20.5%
Brazil 1543 1713 1809 1833 1899 2029 2137 2193 2149 2114 2346 11.2% 2.9%
Colombia 528 526 529 531 588 671 786 915 944 1004 990 -1.4% 1.2%
Venezuela 3305 3308 3336 3230 3222 3033 2838 2734 2704 2687 2719 1.1% 3.3%
Total S. & Cent. America 7166 7339 7479 7322 7398 7326 7350 7379 7317 7335 7613 3.9% 9.3%
Azerbaijan 309 445 646 856 895 1014 1023 919 872 877 848 -3.3% 1.0%
Kazakhstan 1248 1294 1368 1413 1485 1609 1672 1684 1662 1720 1701 -1.2% 1.9%
Norw ay 3180 2961 2772 2551 2466 2349 2136 2040 1917 1838 1895 2.9% 2.0%
Russian Federation 9335 9598 9818 10044 9950 10139 10366 10516 10640 10777 10838 0.6% 12.7%
United Kingdom 2064 1843 1666 1659 1555 1477 1361 1116 949 867 850 -2.3% 0.9%
Total Europe & Eurasia 17572 17524 17587 17799 17576 17757 17692 17385 17119 17155 17198 0.2% 19.8%
Iran 4201 4184 4260 4303 4396 4249 4352 4373 3742 3525 3614 2.0% 4.0%
Iraq 2030 1833 1999 2143 2428 2452 2490 2801 3116 3141 3285 4.6% 3.8%
Kuw ait 2523 2668 2737 2663 2786 2511 2562 2915 3172 3135 3123 -0.5% 3.6%
Oman 783 77 738 710 757 813 865 885 918 942 943 0.3% 1.1%
Qatar 1082 1149 1241 1279 1449 1416 1655 1850 1968 1998 1982 -0.9% 2.0%
Saudi Arabia 10458 10931 10671 10268 10663 9663 10075 11144 11635 11393 11505 0.9% 12.9%
United Arab Emirates 2836 2922 3099 3001 3026 2723 2895 3325 3406 3648 3712 0.9% 4.0%
Total Middle East 24873 25518 25734 25305 26417 24727 25777 28088 28502 28198 28555 1.1% 31.7%
Algeria 1921 1990 1979 1992 1969 1775 1689 1642 1537 1485 1525 1.8% 1.6%
Angola 1103 1404 1421 1684 1901 1804 1863 1726 1784 1799 1712 -4.9% 2.0%
Egypt 701 672 679 698 715 730 725 714 715 714 717 0.5% 0.8%
Nigeria 2430 2502 2392 2265 2113 2211 2509 2450 2395 2302 2361 2.5% 2.7%
Total Africa 9313 9891 9945 10194 10203 9849 10095 8524 9275 8684 8263 -5.0% 9.3%
China 3486 3642 3711 3742 3814 3805 4077 4074 4155 4216 4246 0.7% 5.0%
India 773 737 760 768 803 816 882 916 906 906 895 -1.3% 1.0%
Indonesia 1130 1096 1018 972 1006 994 1003 952 918 882 852 -3.5% 1.0%
Total Asia Pacific 7854 7988 7947 7970 8097 8049 8428 8288 8382 8286 8324 0.5% 9.4%

Total World 80938 81963 82847 83980 86150 86579 2.3% 100.0%

) Source: BP Statistical Review of World Energy 2015

. €
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Crude Oil Prices - $/bbl

Fears of shorlags n LS P T Teoonstuchion

Gty ol Vienamuslan Loss of Irmndan

prociuction 5

Fonreyhansn Fussian Sumabs  |Decovany of East Tamas 1

o boom ol cuporis | produchon |Spndiabon, discovercd

120

100

A
wvv 2

N *
M—wfh
188163  19T0-7E 138085 182085 130005 191018 193029 132033
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W 5 manay of the day 184E5-19E3 Arablan Light posted st Ras Tanura.
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Source: BP Statistical Review of World Energy 2015
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Crude OlIl to Production Ratio - 2014

He_sarvas-tﬂ-pmductiun {R/P] ratios lr-u-:;l;wl.hrrenm W0r|d Feserves are

M 5. & Cent. Amenca

i steadily increasing

W Asrics

Asla Pacilic
15D HWiorkd e

&
5

I N 20

=0 ) &3 =4 = - ] 4 o

Dilstlrlil:lrution of proved reserves in 1994, 2004 and 2014

W Middie East 2014

W 5. & Cant. America

W North Amenca

H= e 2004

Asia Pacific
1366.2
1994
11118.0
as|-T}

Marth 5. &Cem. Eurps® Wil BAdrica Az
Arremrica Amnerica Eurzsia East Pacific e
thousand millian

bamels

1054
Total 1118.0
thousard milion

banels

Source: BP Statistical Review of World Energy 2015

®b asee T thousand million barrels
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Crude Oil Trade Movements -2014

Major trade movements 2014

Trada flows wordwide imilion orres

T % .
Z6.8 188
454
:é
% -t
\ 28

m Us

Canada

haxico
W 5. & Cant America
I Eurcpe & Eurasia
B naddie East

| Afnica

Total Trade 56.7 MMbbl/d is
approximately 2/3" of consumption

Aska Pacific
b aS e Source: BP Statistical Review of World Energy 2015
- e
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World Oil Choke Points

Figure 2. Map of the Strait of Hormuz

Table 1. Volume of crude oil and petroleum
products transported through world chokepoints,
2009-13

(As Saffaniyah  »
Persian

Location 2009 2010 2011 2012 2013

z = df of Oman
Strait of Hormuz 157 159 170 169 {' 17.0 [} Mescat
Strait of Malacca 135 145 146 151 \1 5.2, )/
Suez Canal and 30 31 38 I8 : P ell
SLUMED Bj pelin = Source: U.S. Government (See full map for alternate routes)
Bab el-Mandab 29 27 38
Danish Straits 3.0 32 3.1 3.3 Figure 3. Map of the Strait of Malacca
Turkish Straits 2.8 . 29 29 e—
Panama Canal 0.8 0.8 0.8 0.8 o
World maritime oil 539 556 567 565
trade

World total oil supply 875 878 830 901

— 36% of World QOil Supply
— 57% of World Maritime Oil Trade

Indian

Ocean

b aS e Source: CIA Factbook (See closer view of Strait of Malacca)
. e
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Global Liquid Supply Cost Curve

Chart4.

Global liquid supply cost curve
USO/bbl
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Source Rystad Energy research and analysis

® b aS e e Source: Rabah Arezki, Oliver Blanchard, IMF blog Dec. 22, 2014
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O&G Journal — Conglin Xu

HISTORICAL DECOMPOSITION OF REAL BRENT CRUDE PRICES
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Source: O& G Journal Jan 2015
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Oil Demand Side

FIGURE F.4 Projected and actual global oil
demand
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FIGURE® World oil demand growth
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Oil Demand is Not Going Away

1 -
Germany

< 09 n w |
2 USA
g 0.8
€ —
g 07 As the world’s primary
§ source of energy, the
5 lifeblood of economic
S 08 growth, the most developed
8 nations depend more on
S 05 oil....living longer, making
g more money, and being
T o4 - Ethiopia better educated.

0.3 T T T T T )

0 0.5 1 1.5 2 2.5 3
Qil Use (gallons/capita/day)

Note: HDl is a posite measure of life GDPicapita, and educational attainment

Figure 1. Most of the world’s growth in liquids demand occurs in
the developing world

liquid fuels consumption in selected countries and regions
million barrels per day
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Source: U.S. Energy Information Administration, International Energy Outlock 2014

®basee

| Projected Global Qil Demand in 2030
Million b/d
115 - The clearest
106 indication of the
110 irreplaceability of
107.5 106.4 | oil is its very high
105 | “price inelasticity
of demand.”
100 -
To illustrate, a
B a4 142% jump in oil
90 - prices in 2030
would reduce
85 - world demand by
just 3.8%.
80 -
75
70 - . T —
2014 Low Price  Reference Price  High Price
$99 $72 $119 $174
I EIA Price Scenarios (Brent crude) I

Source: EIA; CIA

— There is no real substitute for this primary
transportation fuel

— Wind and solar will not displace oil used for transport

— Oil has exhibits a very high inelasticity of demand

— There are 9 trillion barrels of oil in place globally and
only 12% (1.1 trillion barrels) has been extracted.
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IEA 2040 Oil Consumption Forecast

— World liquid fuels consumption increases 38% from 87 million barrels per day (MMbbl/d) in 2010 to 119
MMbbl/d in 2040.
— The largest potential for growth in demand for liquid fuels lies in the emerging economies of China, India, and countries in the
Middle East
— China, India, and other developing countries in Asia account for 72% of the net world increase in liquid fuels consumption, with
Middle East consumers accounting for another 13%.
— Most liquid fuel demand is for industrial uses and transportation.

— United States, Europe, Japan, and other mature industrialized economies, liquid fuel demand has leveled off and is projected to
slowly decline.

— IEO2014 projects that 33 MMbbl/d of additional liquid fuel supply will be needed in 2040 compared to 2010.
— Organization of the Petroleum Exporting Countries (OPEC) producers invest in incremental production capacity that enables them
to increase crude and lease condensate production by 14 MMbbl/d from 2010 to 2040
— Non-OPEC crude and lease condensate production is projected to increase by 10 MMbbl/d between 2010 and 2040.
— Much of this production is projected to come from areas previously considered uneconomical, as a combination of technological
improvements and rising world oil prices attract additional investment.

— Oil from tight and shale resources will help to meet growing demand

— Compared to previous reports, IEO2014 incorporates larger new supplies of tight oil from the United States and Canada

— Other countries as well, including Mexico, Russia, Argentina, and China, begin producing substantial volumes of tight oil in the
IEO2014 Reference case.

— All of this is before recent oil price decline

b aS e e Reference case projection International Energy Outlook 2014(IEO02014).
®
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Facts Global Energy (FGE) — Fereidun Fesharaki

“Market needs to shed 3.0-3.5 million b/d of current
and future production to allow price to exceed

“An oil price rise to $80-90/bbl in the next couple of
years requires a production cut unlikely to be by

Saudi Arabia” $80/bbl”
— Without a Saudi production cut “prices can lag at $40- — Saudi Arabia lowers production to 8.0 million b/d
60/bbl for some time to come” — U.S production growth fell by 500-800,000 b/d
— “Lower U.S. production will not support prices on it own” — U.S. growth expected to fall to 0-200,000 b/d by 2016
— “Before agreeing to cut output, the Saudi’s need to see — Iraq accepted quotas not to exceed 3.5-4.0 million b/d

growth in U.S. oil production to no more than 200,000 bbl/d — Other OPEC members would also have to cut production

and Iraq accept real quotas”
— Production growth

- U.S. 2014 1.5 million b/d
— U.S. 2015e 1.0 million b/d
— lraq 2015e 4.0 million b/d

— Iraq “absolutely reluctant” to accept a quota
— “Iraq unlikely to negotiate a quota before their production
reaches 6-7 million b/d ¢

base,

Russia likely to lose 300-500,000 b/d due to low prices and
sanctions

This combination can impact the market positively to the
$50-60/bbl range, but is not enough o raise prices to $80/bbl
Meanwhile, Iran might increase production by 500,000 b/d in

3-6 months if freed of sanctions, and by 700,000 b/d a year
beyond that.

— Two scenarios

Prices fluctuate $50-80/bbl for next 10 years assuming U.S.
producers don’t cut cost dramatically

If costs do plummet, price range for the next ten years will
drop to $40-60/bbl

If production does not fall price could be $30-40/bbl

“We feel confident that oil price in the 40-45/bbl will cut 80%
of U.S. production growth

Source: O&G Journal April 2015
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Natural Gas
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Natural Gas Demand — 3393.0 BCM

China forecast:
2015 - 230 BCM (15.6%/year)
2020 - 375 BCM (12.6%/year)

ba

Natural Gas: Consumption* Change 2014

2014 over share
Billion cubic metres 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2013 of total
us 6344 6234 6144 654.2 659.1 648.7 682.1 693.1 723.2 739.9 759.4 2.9% 22.7%
Canada 95.1 97.8 96.9 96.2 96.1 94.9 95.0 100.9 100.3 103.9 104.2 0.3% 3.1%
Mexico 54.3 60.9 66.6 63.4 66.3 72.2 725 76.6 79.9 84.7 85.8 1.4% 2.5%
Total North America 783.7 7821  778.0 813.8 821.5 815.9 849.6 870.6 903.4 928.5 949.4 2.5% 28.3%
Argentina 37.9 40.4 41.8 43.9 44.4 43.2 43.3 45.7 47.0 47.7 47.2 -1.1% 1.4%
Brazil 18.8 19.6 20.6 21.2 24.9 20.1 26.8 26.7 317 37.3 39.6 6.3% 1.2%
Total S. & Cent. America 119.0 1240  136.0 142.7 143.7 139.1 148.6 152.1 161.7 168.4 170.1 1.0% 5.0%
France 45.1 44.8 43.7 424 43.8 41.8 46.9 40.5 422 42.8 359  -16.3% 1.1%
Germany 85.9 86.2 87.2 82.9 81.2 78.0 83.3 74.5 78.4 82.5 709  -14.0% 2.1%
ftaly 73.9 79.1 77.4 77.8 77.8 71.5 76.2 71.4 68.7 64.2 56.8  -11.6% 1.7%
Russian Federation 389.3 3940 4150 422.0 416.0 389.6 414.1 424.6 416.2 4135 409.2 -1.0% 12.0%
Turkey 22.1 26.9 30.5 36.1 375 35.7 39.0 44.7 45.3 45.6 48.6 6.5% 1.4%
Ukraine 68.5 69.0 67.0 63.2 60.0 46.8 52.2 53.7 49.6 45.6 384  -157% 1.1%
United Kingdom 97.4 94.9 90.0 91.0 93.8 87.1 94.2 78.2 73.9 73.4 66.7 -9.2% 2.0%
Uzbekistan 43.4 427 41.9 45.9 48.7 39.9 40.8 47.6 47.2 46.8 48.8 4.1% 1.4%
Total Europe & Eurasia 1077.9 1098.4 1122.0 11272 11358 10415 11213  1097.8  1080.9  1060.8  1009.6 -4.8% 29.6%
Iran 98.7 1028 1120 125.5 134.8 143.2 152.9 162.4 161.5 159.4 170.2 6.8% 5.0%
Qatar 15.0 18.7 19.6 19.3 19.3 24.9 30.0 38.2 41.0 41.0 44.8 9.3% 1.3%
Saudi Arabia 65.7 71.2 735 74.4 80.4 78.5 87.7 92.3 99.3 100.0 108.2 8.2% 3.2%
United Arab Emirates 40.2 421 43.4 49.2 59.5 59.1 60.8 63.2 65.6 66.8 69.3 3.8% 2.0%
Total Middle East 259.3  277.0 2947 315.7 347.0 361.1 395.4 418.7 430.5 437.7 465.2 6.3% 13.7%
Algeria 22.0 23.2 23.7 24.3 25.4 27.2 26.3 27.8 31.0 33.4 375 12.4% 1.1%
Egypt 31.7 31.6 36.5 38.4 40.8 425 45.1 49.6 52.6 51.4 48.0 -6.6% 1.4%
Total Africa 81.1 85.5 89.1 96.0 100.9 99.6 107.2 113.9 121.8 120.3 120.1 -0.1% 3.5%
China 41.0 48.3 58.0 72.9 84.0 92,5 1105 134.9 151.2 170.8 185.5 8.6% 5.4%
India 31.9 35.7 37.3 40.3 415 52.4 62.7 63.5 59.2 51.4 50.6 -1.5% 1.5%
Indonesia 35.7 35.9 36.6 34.1 39.1 415 43.4 421 422 36.5 38.4 5.1% 1.1%
Japan 77.0 78.6 83.7 90.2 93.7 87.4 94.5 105.5 1135 1135 1125 -0.9% 3.3%
Malaysia 30.5 34.9 35.3 355 39.2 35.4 345 34.8 355 40.3 41.0 1.8% 1.2%
Pakistan 34.5 39.1 39.8 40.5 414 41.6 42.3 42.3 43.7 427 42.0 -1.6% 1.2%
South Korea 28.4 30.4 32.0 34.7 35.7 33.9 43.0 46.3 50.2 52.5 47.8 -9.0% 1.4%
Thailand 29.9 325 33.3 35.4 37.4 39.2 45.1 46.6 51.3 52.3 52.7 0.9% 1.5%
Total Asia Pacific 377.7 4082 4363 468.9 499.3 512.6 571.6 612.2 647.6 665.3 678.6 2.0% 19.9%

Total World

2698.8

2775.2

2856.1

3048.2

3193.7

3265.3

3345.8 0.4%
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Natural Gas Production — 3460.6BCM

Natural Gas: Production * Change 2014

2014 over share
Billion cubic metres 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2013 of total
us 526.4 511.1 524.0 545.6 570.8 584.0 603.6 648.5 680.5 689.1 728.3 6.1% 21.4%
Canada 183.7 187.1 188.4 182.7 176.6 164.0 159.9 159.7 156.0 156.1 162.0 3.8% 4.7%
Total North America 753.5 750.5 769.7 781.8 800.8 807.3 821.1 866.5 893.8 903.3 948.4 5.3% 27.7%
Argentina 44.9 45.6 46.1 44.8 44.1 41.4 40.1 38.8 37.7 355 35.4 -0.3% 1.0%
Trinidad & Tobago 30.2 33.0 40.1 42.2 42.0 43.6 44.8 43.1 4.7 428 42.1 -1.8% 1.2%
Total S. & Cent. America 134.7 140.7 154.3 162.3 163.2 158.5 163.2 167.2 173.7 173.3 175.0 1.0% 5.0%
Netherlands 68.5 62.5 61.6 60.5 66.6 62.7 70.5 64.2 63.9 68.7 55.8  -18.7% 1.6%
Norw ay 79.2 85.8 88.7 90.3 100.1 104.4 107.3 101.3 114.7 108.7 108.8 0.1% 3.1%
Russian Federation 573.3 580.1 595.2 592.0 601.7 527.7 588.9 607.0 592.3 604.7 578.7 -4.3% 16.7%
Turkmenistan 52.8 57.0 60.4 65.4 66.1 36.4 42.4 59.5 62.3 62.3 69.3 11.1% 2.0%
United Kingdom 96.4 88.2 80.0 72.1 69.6 59.7 57.1 45.2 38.9 36.5 36.6 0.3% 1.1%
Uzbekistan 54.2 54.0 56.6 58.2 57.8 55.6 54.4 57.0 56.9 56.9 57.3 0.7% 1.6%
Total Europe & Eurasia 1025.3 1028.8 1043.0 1041.2  1070.0 950.3 10217 1034.2 1028.2 1034.7 1002.4 -3.1% 28.8%
Iran 96.4 102.3 111.5 125.0 132.4 144.2 152.4 159.9 165.6 164.0 172.6 5.2% 5.0%
Qatar 39.2 45.8 50.7 63.2 77.0 94.2 126.3 161.1 170.5 176.5 177.2 0.4% 5.1%
Saudi Arabia 65.7 71.2 735 74.4 80.4 78.5 87.7 92.3 99.3 100.0 108.2 8.2% 3.1%
United Arab Emirates 46.3 47.8 48.8 50.3 50.2 48.8 51.3 52.3 54.3 54.6 57.8 5.8% 1.7%
Total Middle East 296.6 318.7 341.6 370.8 400.3 425.1 488.6 540.7 565.1 580.5 601.0 3.5% 17.3%
Algeria 82.0 88.2 84.5 84.8 85.8 79.6 80.4 82.7 815 815 83.3 2.2% 2.4%
Egypt 33.0 425 54.7 55.7 59.0 62.7 61.3 61.4 60.9 56.1 487  -13.1% 1.4%
Nigeria 24.4 25.1 29.6 36.9 36.2 26.0 37.3 40.6 43.3 36.2 38.6 6.6% 1.1%
Total Africa 156.4 177.3 192.2 204.7 212.3 200.0 213.3 210.2 215.4 204.7 202.6 -1.0% 5.8%
Australia 35.3 37.1 38.9 40.0 38.3 42.3 45.9 46.5 51.6 53.4 55.3 3.6% 1.6%
China 42.8 51.0 60.5 715 83.0 88.1 99.0 108.8 114.3 124.9 134.5 7.7% 3.9%
India 29.2 29.6 29.3 30.1 30.5 39.2 50.8 46.1 40.3 337 317 -5.9% 0.9%
Indonesia 74.6 75.1 74.3 715 73.7 76.9 85.7 815 77.1 72.1 73.4 1.7% 2.1%
Malaysia 56.7 62.3 62.7 61.5 63.8 61.1 62.6 62.2 61.6 67.2 66.4 -1.2% 1.9%
Pakistan 345 39.1 39.8 40.5 41.4 41.6 423 423 437 427 42.0 -1.6% 1.2%
Thailand 22.4 23.7 24.3 26.0 28.8 30.9 36.2 37.0 41.4 41.8 42.1 0.8% 1.2%
Total Asia Pacific 344.8 373.4 391.7 407.3 426.9 448.2 494.7 496.9 504.0 512.3 531.2 3.7% 15.3%

b a Total World 2789.3 28925 2968.1  3073.4  2989.4  3202.6 3380.2  3408.8 1.6%
®
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Natural Gas Reserves to Production Ratio — 2014

Natural Gas: Total proved reserves

at end 1994 at end 2004 at end 2013 at end 2014

Trillion Trillion Trillion Trillion Trillion

cubic cubic cubic cubic cubic Share R/P

metres metres metres feet metres of total ratio
us 4.6 55 9.6 345.0 5.2% 13.4
Canada 1.9 1.6 2.0 717 2.0 1.1% 12.5
Total North America 8.5 7.5 12.0 429.0 12.1 6.5% 12.8
Venezuela 4.0 4.3 5.6 197.1 5.6 3.0% *
Total S. & Cent. America 57 7.0 7.7 270.6 7.7 4.1% 43.8
Russian Federation n/a 31.1 32.3 1152.8 32.6 56.4
Turkmenistan n/a 2.3 17.5 617.3 17.5 &
Total Europe & Eurasia 40.6 42.7 57.5 2049.5 58.0 57.9
Iran 20.8 27.5 34.0 1201.4 34.0 *
Iraq 3.1 3.2 3.6 126.7 3.6 *
Qatar 7.1 25.4 24.7 866.2 24.5 *
Saudi Arabia 5.3 6.8 8.2 288.4 8.2 75.4
United Arab Emirates 6.8 6.1 6.1 215.1 6.1 *
Total Middle East 45.5 72.2 80.0 2818.6 79.8 *
Algeria 3.0 4.5 4.5 159.1 4.5 54.1
Nigeria 35 52 51 180.1 51 *
Total Africa 9.1 14.2 14.2 499.8 14.2 69.8
Australia 1.3 2.3 3.7 132.0 3.7 2.0% 67.6
China 1.7 1.5 35 122.2 35 1.8% 25.7
India 0.7 0.9 1.4 50.4 1.4 0.8% 45.0
Indonesia 1.8 2.8 2.9 101.5 2.9 1.5% 39.2
Total Asia Pacific 9.7 13.0 15.2 539.0 15.3 8.2% 28.7
Total World 100.0%

®b ase e US Lower 48 technically recoverable shale gas 21.2 TCM INTEK AEO 2011

P> . . . . g
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Natural Gas Reserves to Production Ratio

Reserves-to-production (R/P) ratios

Years
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consumption
Japan represents 1/3@ of LNG Imports

Natural Gas Trade — 997.17 BCM

Trade represents approximately 1/3' of the

Gas trade in 2013 and 2014

Billion cubic metres 2013 2014
Pipeline LNG Pipeline LNG Pipeline LNG Pipeline LNG Pipeline LNG Pipeline LNG
imports imports exports exports imports imports exports exports imports imports exports exports
us 78.9 2.7 44.4 0.1 74.6 17 42.3 0.4 94.6% 61.6% 95.1% 501.9%
Canada 25.8 1.1 78.9 - 21.8 0.6 74.6 - 84.4% 54.9% 94.6%
Mexico 18.6 7.8 0.0 - 20.5 9.3 0.0 - 109.8% 119.5% 133.4%
Trinidad and Tobago - - - 19.8 - - - 193 97.5%
Other S. &Cent. America 18.6 19.6 18.6 5.7 17.8 21.4 17.8 5.8 95.8% 108.9% 95.8% 102.7%
France 30.5 8.7 11 0.6 27.4 7.1 11 0.6 89.9% 81.6% 98.8% 87.9%
Germany 98.4 - 151 - 85.0 10.1 - 86.4% 67.1%
ltaly 51.6 55 0.2 - 46.9 4.5 0.2 - 90.9% 82.3% 104.1%
Netherlands 215 0.8 51.3 0.2 23.2 11 44.1 0.6 107.8% 138.9% 85.9% 288.6%
Norw ay 0.0 102.4 3.8 0.0 101.1 5.3 88.4% 98.7% 137.9%
Spain 15.3 14.9 0.9 2.6 15.4 155 0.6 5.1 100.5% 103.5% 63.9% 193.7%
Turkey 38.2 6.1 0.6 - 411 7.3 0.6 - 107.7% 120.1% 92.5%
United Kingdom 40.0 9.4 9.0 - 32.9 11.3 10.6 - 82.1% 120.1% 117.8%
Other Europe 99.5 6.0 11.8 1.6 90.0 5.3 10.8 2.0 90.5% 88.8% 91.9% 121.0%
Russian Federation 27.0 - 212.0 14.2 24.2 - 187.4 14.5 89.6% 88.4% 101.7%
Ukraine 25.0 - - - 17.5 - - - 70.1%
Other Former Soviet Union 32.2 - 67.1 - 32.1 - 69.3 - 99.6% 103.2%
Qatar - - 19.9 105.6 - - 20.1 103.4 100.8% 97.9%
Other Middle East 25.5 4.5 9.4 28.5 27.2 5.4 9.6 27.5 106.8% 120.0% 101.9% 96.4%
Algeria - - 28.8 14.9 - - 235 17.3 81.6% 115.7%
Other Africa 7.2 - 9.3 31.6 8.5 - 10.8 31.2 117.5% 115.6% 98.7%
China 27.3 24.5 - - 313 27.1 - - 114.9% 110.8%
Japan - 119.0 - - - 120.6 - - 101.4%
Indonesia - - 10.0 22.4 - - 9.5 21.7 95.4% 96.8%
South Korea - 54.2 - - - 511 - 0.2 94.3%
Other Asia Pacific 26.4 40.4 16.7 73.5 26.5 43.9 20.0 78.6 100.3% 108.6% 120.0% 106.8%
Total World 707.5 325.3 707.5 325.3 663.9 333.3 663.9 333.3 93.8% 102.4% 93.8% 102.4%
Source: Includes data from Cedigaz, CISStat, FGE MENAgas service, GIIGNL, IHS Waterborne, PIRA Energy Group, Poten, Wood Mackenzie.

Source: BP Statistical Review of World Energy 2015
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Major Natural Gas Trade Movements BCM - 2014
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Natural Gas Prices are “Normalizing”?

LNG LANDED PRICES: MARCH 2013*

T AMERICA i

Rio de
manereiro
 le.84
Bahia Blanca

18.09

*Estimated $/MMbtu. Revised Feb. 7, 2013.
Source: FERC; Market Oversight, Waterborne Energy Inc., Houston

Supply:

North America

— Significant shale resource

| —-50% drop in 2014

— Another 30% forecast drop in 2015
— $19.75 $6.91
— $20.28 XY $7.10

EUROPE

W US Henry Hub

Average German Import Price cif

UK NBP
Japan LNG cif

— Significant associated gas production

Australia & East Africa

— Project cost/timing uncertainties

94 95 96 97

\/\_—

Demand:

Spot Asian LNG prices LNG-AS held
steady at $7.10 per million British
thermal units (mmBtu) last week, but
are down almost 30 percent so far this
year and are about one-third of record
$20.50 per mmBtu reached in
February last year.

Reuters 4/20/2015

Japan

— Fukushima = Japan 36% WW LNG
— QOil-price-linked formula

China

— Demand Growth
— Oil-price-linked formula

Europe

— Concern over Russian dependency
— QOil-price-linked formula
— UK declining indigenous supply

Significant

regional price
differences Exist
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March 15, 2015 LNG Prices

National Natural Gas Market Overview: World LNG Landed Prices

Federal Energy Regulatory Commission » Market Oversight « www.ferc.gov/oversight

World LNG Estimated April 2015 Landed Prices

'Bahia Blanca

$ 7.30
o8 i
rce Walerbome Energy, Inc. Datain $USIMMBtu Landed prices are based on a netback calculation. ”
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Eurasian Pipelines Threaten LNG Growth

2012 FIG. 12

— China/India infrastructure emerges late 2020’s

— China, plus Asia neighbors will become focal
point of LNG trade in both pipeline gas and LNG

— Russian and Caspian States eastward pipelines
will create new trade dynamics

— Russian diversification toward Asia with pipeline
resources will compete favorable with LNG

— Iran can provide a stabilizing resource for Europe

FIG. 1b
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O&G Journal Oct. 6, 2014
— U.S. proved gas reserves 9,900 BCM (2011)
— Undeveloped shale resources 21,000 BCM
— U.S. LNG export approvals to-date 200 BCM/year
— Non-LNG export thru 2025 add 300 BCM/year
— Iran accounts for 20% global reserves, with 5%
production and no exports
— North American liquefaction and transport cost is
$4.00-6.00/mmBtu. Size, 010 1025 2550  50-75  75-100 & == Pipeline

b bemiyear —> —> =i mmp P> Wre NG
base,

“Practical Strategies for Emerging Energy Technologies”



O&G Journal - 2/2/2015

FORECAST PIPELINE CONSTRUCTION FiG. 1
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*Coal consumption grew by 1.7% in 2014
eIndia grew by 11.1%

Coal Consumption — 3867.0 Mtoe | :Chinahad no growth

*Asia represents 71.5% of 2014

Coal: Consumption * Change 2014

2014 over share
Million tonnes oil equivalent 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2013 of total
us 566.1 5745 565.7 573.3 564.2 496.2 525.0 495.4 437.9 454.6 453.4 -0.3% 11.7%
Total North America 607.9 621.5 612.6 620.4 607.2 532.9 567.5 536.5 472.4 488.8 488.9 . 12.6%
Total S. & Cent. America 215 22.1 22.6 24.4 25.3 23.0 27.3 29.9 30.1 33.6 316 -6.0% 0.8%
Czech Republic 21.0 20.2 21.0 21.4 19.7 17.6 18.4 18.1 17.2 16.4 16.0 -2.2% 0.4%
Germany 85.0 81.3 84.6 86.7 80.1 717 77.1 78.3 80.5 81.7 77.4 -5.3% 2.0%
ttaly 16.6 16.5 16.7 16.8 16.3 12.8 14.2 15.9 16.3 14.0 135 -3.7% 0.3%
Kazakhstan 26.5 27.2 29.8 317 334 32.6 316 34.0 36.6 35.9 345 -3.8% 0.9%
Poland 57.3 55.7 58.0 57.9 56.0 51.9 56.4 56.1 54.3 55.8 52.9 -5.2% 1.4%
Russian Federation 99.9 94.6 97.0 93.9 100.7 92.2 90.5 94.0 98.4 90.5 85.2 -5.8% 2.2%
Ukraine 39.3 375 39.8 39.8 41.8 35.9 38.3 415 42.7 41.4 330 -202% 0.9%
United Kingdom 36.6 374 40.9 38.4 35.6 29.8 30.9 314 38.9 371 295 -20.3% 0.8%
Other Europe & Eurasia 23.7 22.1 19.0 20.5 21.0 19.9 21.2 23.1 21.4 22.5 20.4 -9.2% 0.5%
Total Europe & Eurasia 536.6 517.4 536.9 542.0 527.6 475.9 490.2 511.5 529.9 508.2 476.5 -6.2% 12.3%
Total Middle East 9.6 9.8 9.8 9.9 9.6 9.8 9.9 10.8 11.9 10.3 9.7 -5.4% 0.3%
South Africa 86.9 80.1 81.5 83.6 93.3 93.8 92.8 90.4 88.3 88.7 89.4 0.9% 2.3%
Total Africa 96.0 89.0 90.4 91.5 101.2 100.4 100.0 97.8 95.3 96.6 98.6 2.0% 2.5%
Australia 50.7 53.9 56.6 54.9 55.4 53.4 50.6 50.2 47.3 44.9 43.8 -2.5% 1.1%
China 1125.0 13182 14455 1573.1 1598.5 1679.0 1740.8 1896.0 1922.5 1961.2 1962.4 0.1% 50.6%
India 172.3 184.4 1954 210.3 230.4 250.3 260.2 270.1 302.3 324.3 360.2 11.1% 9.3%
Indonesia 213 24.4 28.9 36.2 315 33.2 39.5 46.9 53.0 57.6 60.8 5.6% 1.6%
Japan 120.8 121.3 119.1 125.3 128.7 108.8 123.7 117.7 124.4 128.6 126.5 -1.6% 3.3%
Malaysia 6.6 6.9 7.3 8.8 9.8 10.6 14.8 14.8 15.9 17.0 15.9 -6.2% 0.4%
South Korea 53.1 54.8 54.8 59.7 66.1 68.6 75.9 83.6 81.0 81.9 84.8 3.5% 2.2%
Taiw an 36.5 38.0 39.5 41.2 39.5 38.0 39.9 41.5 41.1 41.0 40.9 -0.2% 1.1%
Thailand 10.4 11.2 124 14.2 15.3 15.4 15.8 16.0 16.8 16.2 18.4 13.3% 0.5%
Vietnam 8.8 9.0 5.3 5.8 11.4 10.7 14.0 16.5 15.0 15.8 19.1 20.6% 0.5%
Other Asia Pacific 19.8 21.0 21.6 18.5 20.3 20.4 20.0 15.4 15.9 16.3 16.7 2.7% 0.4%
Total Asia Pacific 1642.8  1862.6  2005.7 2169.2 2229.3 2309.9 2416.3 2590.8 2659.3 2729.5 2776.6 1.7% 71.5%

29145 31224 3500.1 3451.9 3611.2 3777.4 3798.8 3867.0

®
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Coal - Regional Consumption - Mtoe

Production by ragion Ching gets most of. its coal from Indonesig and Al_JstraIia.
Malicn tonnas of sauivaient The tighter regulations on coal consumption and imports
could mean India may be able to surpass China as the
Asta Pacific world's largest coal importer in 2015. =
W Africa
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Worid coal production decined by 0.7% In 2014, whiia consumption graw by D.4%_ Indla (+8.4%| recorded the largest production Increment, whilie China contributad the
bigpest dacline [-2.8%. India accountad for the largest incrament to conswmption (+11.1%) and Ukraine for the largest decline [-20.2%).
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Coal Production — 3933.5 Mtoe

Coal: Production * Change 2014

2014 over share
Million tonnes oil equivalent 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2013 of total
us 572.4 580.2 595.1 587.7 596.7 540.8 551.2 556.1 517.8 500.9 507.8 1.4% 12.9%
Canada 33.9 35.3 34.8 35.7 35.6 33.1 354 35.5 35.9 36.6 36.7 0.2% 0.9%
Total North America 612.2 621.6 636.7 630.7 639.2 580.0 594.0 600.9 561.1 545.0 551.4 1.2% 14.0%
Colombia 34.9 38.4 42.6 45.4 47.8 47.3 48.3 55.8 57.9 55.6 57.6 3.6% 1.5%
Total S. & Cent. America 43.1 46.3 51.2 52.5 54.3 52.2 52.7 59.8 61.8 62.4 65.0 4.2% 1.7%
Czech Republic 235 235 23.8 23.6 22.8 21.0 20.8 21.6 20.7 18.0 17.3 -3.5% 0.4%
Germany 58.4 56.5 53.3 54.4 50.1 46.4 45.9 46.7 47.8 44.7 43.8 -2.1% 1.1%
Kazakhstan 44.4 44.2 49.1 50.0 56.8 51.5 54.0 56.2 58.6 58.2 55.3 -4.9% 1.4%
Poland 70.5 68.7 67.0 62.3 60.5 56.4 55.5 56.6 58.8 57.6 55.0 -4.5% 1.4%
Russian Federation 132.2 139.6 1455 148.4 153.8 142.3 151.4 158.8 169.5 168.8 170.9 1.2% 4.3%
Turkey 105 11.2 13.2 14.8 16.7 17.4 175 17.8 16.9 15.3 17.8 15.9% 0.5%
Ukraine 42.4 41.2 419 40.0 414 38.5 40.0 441 453 44.4 315 -29.0% 0.8%
Other Europe & Eurasia 20.4 20.7 22.6 22.3 22.7 23.0 23.0 23.9 21.9 24.8 219  -11.5% 0.6%
Total Europe & Eurasia 448.4 4475 456.1 455.4 463.2 4335 443.6 463.4 475.7 461.0 441.6 -4.2% 11.2%
Total Middle East 0.8 1.0 1.0 1.1 1.0 0.7 0.7 0.7 0.7 0.7 0.7 - ¢
South Africa 137.1 138.4 138.3 138.4 141.0 139.7 144.1 143.2 146.6 145.3 147.7 1.6% 3.8%
Total Africa 140.8 141.7 140.9 140.7 143.0 141.8 147.1 146.0 149.2 150.4 152.2 1.2% 3.9%
Australia 197.1 206.5 211.6 217.9 224.9 232.6 240.5 233.4 250.4 268.2 280.8 4.7% 7.1%
China 1106.6  1240.9 1327.8 1438.7 1491.4 1538.0 1664.9 1852.6 18725 1893.7 1844.6 -2.6% 46.9%
India 155.7 162.1 170.2 181.0 195.6 210.8 217.5 215.7 229.1 228.8 243.5 6.4% 6.2%
Indonesia 81.4 93.9 119.2 133.4 147.8 157.6 169.2 217.3 237.3 276.2 281.7 2.0% 7.2%
Vietnam 15.3 19.1 21.7 23.8 22.3 24.7 25.1 26.1 23.6 23.0 23.1 0.5% 0.6%
Other Asia Pacific 221 25.0 255 24.2 26.2 29.7 375 41.2 40.4 41.4 38.4 -7.2% 1.0%
Total Asia Pacific 1590.8 1760.1  1888.7 2030.9 2119.8 2204.6 2366.2 2598.5 2664.4 27419 2722.5 -0.7% 69.2%

Total World 3018.2 3174.7 3311.2 3412.7 3604.3 3912.9 3961.4

Calorific equivalents

One tonne of oil equivalent equals approximately:

3 tonnes of lignite

base Sold fuels L5 tonnes of hard coal Production is ~70% bituminous/30% Lignite
- e
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Coal Reserves to Production Ratio - 2014

Coal: Total proved reserves at end 2014

Anthracite Sub-bituminous
Million tonnes and bituminus and lignite Total Share of Total R/P ratio
us 108501 128794 237295 26.6% 262
Canada 3474 3108 6582 0.7% 96
Mexico 860 351 1211 0.1% 87
Total North America 112835 132253 245088 27.5% 248
Colombia 6746 - 6746 0.8% 76
Venezuela 479 - 479 0.1% 189
Total S. & Cent. America 7282 7359 14641 1.6% 142
Bulgaria 2 2364 2366 0.3% 76 -
Czech Republic 181 871 1052 0.1% 22 Th
Germany 48 40500 40548 4.5% 218 ere s a’
Greece - 3020 3020 0.3% 61 -
Hungary 13 1647 1660 0.2% 174 I Ot Of |t
Kazakhstan 21500 12100 33600 3.8% 309
Poland 4178 1287 5465 0.6% 40 -
Romania 10 281 291 . 12 exce pt | n
Russian Federation 49088 107922 157010 17.6% 441
Spain 200 330 530 0.1% 136 C h i n a |
Turkey 322 8380 8702 1.0% 125 -
Ukraine 15351 18522 33873 3.8% *
United Kingdom 228 - 228 . 20
Uzbekistan 47 1853 1900 0.2% 432
Other Europe & Eurasia 1389 18904 20293 2.3% 337
Total Europe & Eurasia 92557 217981 310538 34.8% 268
South Africa 30156 - 30156 3.4% 116
Zimbabw e 502 - 502 0.1% 120
Total Middle East & Africa 32722 214 32936 3.7% 122
Australia 37100 39300 76400 8.6% 155
China 62200 52300 114500 12.8% 30
India 56100 4500 60600 6.8% 94
Indonesia - 28017 28017 3.1% 61
Japan 337 10 347 . 265
New Zealand 33 538 571 0.1% 143
North Korea 300 300 600 0.1% 19
Pakistan - 2070 2070 0.2% *
South Korea - 126 126 . 72
Thailand - 1239 1239 0.1% 69
Vietnam 150 - 150 . 4
Other Asia Pacific 1583 2125 3708 0.4% 97
® Total Asia Pacific 157803 130525 288328 32.3% 51
e Total World 403199 488332 891531 100.0% 110

P . .
Practtcal Strategtes or Emerging Lnergy technotogies Source: BP Statistical Review of World Energy 2015



Coal Reserves to Production Ratio - 2014

Reserves-to-production (R/P) ratios Histary

Years
W Morth Americs Eod

. W 5. & Cant Amenica
2014 by region B Eurcpe & Eurzsia
W Middle Exst & Africa
Asia Paciic
W Worid

Asla —_
m Europe & Eurasia
W Asia Pacific
North America
m Middle East & Africa Lo = o4 m 14 o
W S. & Cent. America
1992 2002
981,780 984,453

2012
860,938

14414
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Amerca Amerca Eurasia & Africa Pacific
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Total 984453
million tennes
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Total 860938
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High Efficiency, Low Emissions Coal (HELE)

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

COy intensity factor (g00, /KWh)

coal-fired power generation

2000
o 1000 gCO2/KWh = 2204 Ib/MWh
T Subcritical N
> 1600
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1000 -
[ﬂtnsff[rc.r.ru.m 3 1200 - I I
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. Without CCS
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200 1205)
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With £ Plants buit ;Trurtu 2000 Flants !Iu:?tdfte.r_’ill'l, including
o+ T T T T T 1 canstruction olans un ta 2015
5 30 35 40 45 50 55
Efficiancy (LHV, net) Table 3: Performance of HELE coal-fired power technologies

Emissions

— U.S. consumption of coal totaled 18 quadrillion Btu _ _
in 2013, a 4-percent increase frqm 2012 fuel o - - = '::;n:'i';' e “‘;::‘j!;"
— Electric power sector consumption accounted for 91 |ia p—— (MWe) (%)  (%-points)
percent of total consumption in 2013

<50 to 100 <20 to 100

— The price of coal averaged $2.52 per million Btu in PELSE M0 pyser pyreo) 0 M0 B gm0
the United States in 2013, a 3-percent decrease from cRc sEOtospn g S0t o 150 - (post-
2012 (in situ) combustion

i illi i coal <50to100 <2010 100 <1000 and oty-

— Prices ranged from $1.44 per million Btu in - ;‘;cp |?f}gfc] b _:CH] w e fuel)

Nebraska to $4.90 per million Btu in Alaska. PP feyFeo) i
IGCC 670 to 740 <30 <20 <1 335 70 ;

Source: IEA Technology Roadmap IGFC' 500 to 530 <30 <20 <1 <500 -
® 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 ganeration from plants deploying HELE technology

Actions for Deqease genaration 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 + OC5

Global eledridty generation from coal {TWh)

luﬁc

Nois: Carbion captura Is Integrated with HELE coal-fired unilts 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 Ib/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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U.S. Coal Exports

Ref. Case 1125

!
1
1
!
1

Figure 29. U.5. coal production in six cases, 1990-2040
(million short tons)

12.5%

Ref.,Case 140

!
)
1
/ Figure 30. U.5. coal exports in six cases, 1990-204(
(million short tons)
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Coal Prices - $/tonne

US Central
Northw est Appalachian Japan Japan
Europe coal spot coking coal steamcoal Asian Northw est Japan
US dollars marker price price index import cif import cif Marker price Europe vs. steamcoal
per tonne i I price price i App'l Vs. App'l

1987 31.30 - 53.44 41.28 -
1988 39.94 - 55.06 42.47 -
1989 42.08 - 58.68 48.86 -
1990 43.48 31.59 60.54 50.81 - 37.6% 60.8%
1991 42.80 29.01 60.45 50.30 - 47.5% 73.4%
1992 38.53 28.53 57.82 48.45 - 35.0% 69.8%
1993 33.68 29.85 55.26 45.71 - 12.8% 53.1%
1994 37.18 31.72 51.77 43.66 - 17.2% 37.7%
1995 44.50 27.01 54.47 47.58 - 64.8% 76.2%
1996 41.25 29.86 56.68 49.54 - 38.1% 65.9%
1997 38.92 29.76 55.51 45.53 - 30.8% 53.0%
1998 32.00 31.00 50.76 40.51 29.48 3.2% 30.7%
1999 28.79 31.29 42.83 35.74 27.82 -8.0% 14.2%
2000 35.99 29.90 39.69 34.58 31.76 20.3% 15.6%
2001 39.03 50.15 41.33 37.96 36.89 -22.2% -24.3%
2002 31.65 33.20 42.01 36.90 30.41 -4.7% 11.1%
2003 43.60 38.52 41.57 34.74 36.53 13.2% -9.8%
2004 72.08 64.90 60.96 51.34 72.42 11.1% -20.9%
2005 60.54 70.12 89.33 62.91 61.84 -13.7% -10.3%
2006 64.11 62.96 93.46 63.04 56.47 1.8% 0.1%
2007 88.79 51.16 88.24 69.86 84.57 73.5% 36.5%
2008 147.67 118.79 179.03 122.81 148.06 24.3% 3.4%
2009 70.66 68.08 167.82 110.11 78.81 3.8% 61.7%
2010 92.50 71.63 158.95 105.19 105.43 29.1% 46.9%
2011 121.52 87.38 229.12 136.21 125.74 39.1% 55.9%
2012 92.50 72.06 191.46 133.61 105.50 28.4% 85.4%
2013 81.69 71.39 140.45 111.16 90.90 14.4% 55.7%
2014 75.38 69.00 114.41 97.65 77.89 9.3% 41.5%

Significant relative
price decreases
2010 - 2014
narrowing
differences
between U.S. and
export prices have
developed

1 Source: McCloskey Coal Information Service. Prices for 1990-2000 are the average of the monthly marker, 2001-2014 the average of w eekly prices.
1 Source: Platts. Prices are for CAPP 12,500 Btu, 1.2 SO2 coal, fob.

b aS e Prices for 1990-2000 are by coal price publication date, 2001-2014 by coal price assessment date.
= e

Note: CAPP = Central Appalachian; cif = cost+insurance+freight (average prices); fob = free on board.
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Nuclear
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“The Big Picture: Next-Gen Nuclear”

— Compliments of Power magazine April 2014 e : : : ::l AAA l HOTADLE NUCRES
— 72 mostly advanced nuclear reactions under 3 oraGaoaeane
con St ru Ct | on well-developed:
RUSSIA TURKEY
— A total of 68GW ' Y ¥ Y
— China represents 40% of the total 7.16W
— France will cap nuclear capacity at the current mn EEEEEAR "™ RR AN
. . . 3 GW
63.2GW, forcing closures w/capacity additions 3.9 6W e g : 31 G[ d
= ] 1 1 . UAE ommitted plans, legal an
- Currently a.t 75% Shal‘e Of generation SHKOREA . 3‘Gwl . ' lz 7‘Gw regulatzri/;;;);r;g;tjcture is
— Goal is 50% by 2025 L EEBRE s R oo /[
£ PRI B ' M1.1 GW
BUILDING AT ..., " wa [ swcuosng
OF NUCLEAR ENERGY 717 MW 1.216W
: - JAI;I}dN \ { FINLAND 7 JORDAN
oy 1.6 GW
Westinghouse PAKISTAN FRANCE VIENAM
AP1000® plant 630 MW 1.6 GW 2.1 GW
under construction in kev: o & NN my Ry ‘
Sanmen’ China AP1000 EPR WER CNP ork’-’léoo PHWR  FAST BREEDER
(Westinghouse/ (AREVA/ (Rosatom/  (China National Nuclear (Korea Hydro REACTOR
Toshiba) France) Russia) Corp.) & Nuclear)
& Ay NN ,
@w : ABWR ATMEA1 cw&mo ACP&OOO Argoo HIG:f;EMP. druék
estinghouse [ £ e v B (ij:H;f‘;;d;i (;;;?5;34/ (L'hin;ulgﬁ;gdong (Chin;ui;g;r:gdong (:o;{e:cg}:'i)ro GAS-COOLED
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Small Modular Reactors

: NuScaIe Powers ' ‘
Sthal- Modular Reacfor (SI\/IR)
—PWR oo
— 160MW._ thermal
— 45MW electric

Soukce:»‘NuSqale Power, EnergyBiz May/June 2014

base,
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Nuclear Fuel Developments

— The Xe-100 is a small-sized pebble-bed High Temperature
Gas-Cooled Reactor (HTGR)
— HTGR uses gas in the core instead of water
— Thousands of pebbles fill the reactor core, forming a bed
— Graphite pebbles encompass thousands of ceramic-coated
TRISO fuel particles
— Asingle reactor can produce 50MWe
— The Xe-100 is designed to be ultra-safe, small-scale, and able
to respond in real-time to fluctuating grid demands
— Pebble-bed reactor projects around the world
— AVR and HTGR reactors in West Germany,
— PBMR in South Africa,
— HTR-10 currently in operation in China.

Smm Thick
Fuel Free Zone

0

Kernel

Fuel Core

Porous Carbon Buffer Layer

Inner Pyrolytic Carbon Layer ——__ g3 Fuel Pebble

Silicon Carbide Layer

Outer Pyrolytic Carbon Layer

TRISO Coated Particle

— EPRI Pursuing dual cladding technology
— Maintain integrity up to 1500°C
Thin wall Mo tubes w/oxidation resistant layers
Zirconium alloy, or
— Aluminum coated stainless steel
— DOE supporting
— Multiple fuel cladding projects
— Extending fuel burnup
— Advanced structural design

3. Adding Mo protection. Fuel cladding incorporating molybdenum (Mo) offers one po-
tential technological pathway toward accident-tolerant nuclear fuel concepts. Courtesy: EPRI

UO, Pellets

n~--Mo-a||oy

-"Zr-alloy or Al-containing stainless steel or alternate
B} soft liner of Zr-alloy or alternate

Source: Power March 2015
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Molten Salt Reactors

Molten salt reactors use either the thorium/uranium fuel cycle or the
uranium/plutonium fuel cycle to generate energy as heat.

Unlike light-water reactors which use solid uranium as their fuel, molten salt
reactors use liquid fuel. This results in a safer, cleaner, more efficient reactor.

Key Advantages:

 Unlike solid fuel reactors, an MSR can operate safely at high
temperatures with no risk of melt down which leads to higher efficiencies.

» Molten salts in the reactor core can remain liquid at very high
temperatures and atmospheric pressure so in case of an accidental hazard
there is no risk of explosion.

* An MSR produces around 2.5% of the waste produced by an uranium
fueled light water reactor.

* An MSR can fully recycle actinide wastes and only emit fission product
wastes. This results in nuclear waste remaining toxic for only about 200 to
300 years as opposed to thousands of years for other nuclear reactors.

» A molten salt reactor cannot spew a jet of radioactive smoke or steam
even if containment was completely destroyed. When the molten salt
cools, it crystallizes, and can be easily picked up, recovered, and reused.

* An MSR does not emit CO,

» The use of liquid fuels allows for the reactor to remain in operation longer
than a solid fuel reactor.

HEAT EXCHANGE

153

|  trons and induces

radioactive fuel

HOW IT WORKS = \ 7
P N [eS
REACTOR | 4

L 52 CORE | & N\ | 3.
Rather than The liquid fuel % S \\ 2, 4 If a reactor loses
use solid fuel, flows past a S g ~ A power, a freeze
amolten salt | moderator that ‘ v——-————a ' S|UAN plug melts,

slows down neu- o« B 4 draining the

ur:
more than 500°C,
liquefying it

into a tank where

fission, generating FREEZE PLUG 4
it cools to a solid.

heat for steam
turbines,

Source: Transatomic Power (via Popular Science — June 2015)

Competitive Landscape

ELYSIUM INDUSTRIES

ér-:?TRANSATOMIC

TERRESTRIAL
ENERGY
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World Uranium Mining Production

Company tonnes U %
KazAtomProm 13801 25
Cameco . 8956 16 65%
ARMZ - Uranium 6944 12
Areva 6496 12
BHP Billiton 3351 6
CNNC & CGN 2684 5
Paladin 2316 4
Navoi 2400 4
Rio Tinto 2296 4
Other 6940 12

Total 56184 100

tonnes U
Kazakhstan
Canada
Australia
Niger
Namibia
Russia
Uzbekistan (est)
USA
China (est)
Ukraine (est)
South Africa
India (est)
Malawi
Brazil (est)
Czech Republic

— During the 1990s the uranium
production industry was consolidated by
takeovers, mergers and closures

— This has diversified in recent years with
Kazakhstan's diverse ownership
structure

— In 2014, ten companies marketed 88%
of the world's uranium mine production

— An increasing proportion of uranium,
now 46%, is produced by in situ
leaching.

Romania (est)
Pakistan (est)
Germany
France
Total World
tonnes U308
Percentage of World Demand*

2007 2008 2009 2010 2011 2012 2013 2014
6637 8521 14020 17803 19451 21317 22451 23127
9476 9000 10173 9783 9145 8999 9331 9134
8611 8430 7982 5900 5983 6991 6350 5001
3153 3032 3243 4198 4351 4667 4518 4057
2879 4366 4626 4496 3258 4495 4323 3255
3413 3521 3564 3562 2993 2872 3135 2990
2320 2338 2429 2400 2500 2400 2400 2400
1654 1430 1453 1660 1537 159 1792 1919

712 769 750 827 885 1500 1500 1500
846 800 840 850 890 960 922 926
539 655 563 583 582 465 531 573
270 271 290 400 400 385 385 385
104 670 846 1101 1132 369
299 330 345 148 265 231 231 231
306 263 258 254 229 228 215 193
77 77 75 77 77 90 77 77
45 45 50 45 45 45 45 45
41 0 0 8 51 50 27 0
4 5 8 7 6 3 5 3
41282 43764 50772 53671 53493 58394 59,370 56,184
48683 51611 59875 63295 63084 68864 70,015 66,258

64%

68%

78%

78%

85%

86%

92%

85%

— 2/3 of the world's production of uranium from mines is from Kazakhstan,

Canada and Australia.

— After a decade of falling mine production to 1993, output of uranium has
generally risen since then and now meets over 90% of demand for power

generation.

— Kazakhstan produces the largest share of uranium from mines (41% of world
supply from mines in 2013), followed by Canada (16%) and Australia (9%).

Source: World Nuclear Association; www.world-nuclear.org
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Renewables
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Renewables Levelized Cost 2010 & 2014

2014 USD/kWh
04
PR ®
Capacity MWe
,f @
U
|
0.3 100 |
200 | .
300 ®
0.2
$0.14/KWh ===o===-
0.1 oy
L ey Seis oo
L ] @ &
. = A Fossil fuel power cost range
$0.05/kWh -==—===== e
0.0
| | | | | | | | | ] | | I |
2010 2014 2010 2014 2010 2014 2010 2014 2010 20714 2010 20714 2010 2074
Biomass Geothermal Hydro Solar photovoltaic csp Wind offshore Wind onshore
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Wind Data

:: 1. ;: %1 = Approximate Incremental Wind Penetration, end of 2013 |
12 H =3 Annual U.5. Capacity (left scale) . s = Agproximate Incremental Wind Penetration, end of 2012 |
11 — = Cumulative U.5. Capacity (right scale) 55 E ,..g ® Approximate Incremental Wind Penetration, end of 2010
10 s0 @ HE e » Approki I Wind P on. end of 2008 |
E 8 a5 ?:‘ gg = Approximate Wing Penatration, enc of 2006
£ 8 a0 & E2 20w |
8 7 35 & g%
i 5:%
T 6 30 g ZWo15% |
: 5 5 = i
3 4 w ® §§ 10% |
E 3 15 2 o ,
=2 0 3 5% |
: : -ARNRRRNRRNRRERARREE. B
o N om no oW e 2 o4 ™ om ] 3 ! 3 5 g e R g £ 3 2
58 §EE8E8EE8¢8¢8E¢E 8 8 3 L i E RN LRS-
Source: AWEA project dalabase
. . . . . Source: Berkeley Lab estimafes based on data from Navigant, EIA, and elsewhere
Figure 1. Annual and cumulative growth in U.S. wind power capacity Figure 4. Approximate wind energy penetration in the countries with the greatest installed wind
Table 1. International rankings of wind power capacity e
Annual Capacity Cumulative Capacity *E 1002 - L
(2013, MW) (end of 2013, MW] =
China 16,088 China 91,460 Lo 80% _ A%
. =g 4% L
Germany 3,237 United States 61,110 =0
India 1,987 Germany 34 468 m% BO% - -
United Kingdom 1,833 Spain 22,637 bl
Canada 1,599 India 20,589 % g 40% -
United States 1.087 United Kingdom 10,946 o %
Brazil 948 Italy 8,448 BT 20% -
Poland 894 France B 128 @
Sweden 724 Canada 7,813 E o - . . ;
Romania 5§95 Denmark 4747 Interior Great Lakes Mortheast West Southeast L5, Total
Rest of World 7,045 Rest of World 51,031
r— 36,137 | TOTAL 321,377 mind Solar  mOther Renewable wGas  mCoal  mOther NoneRenewable

Sowrca: Novigant; AWEA projoct dotobese for ULS. copooty

Source: EIA, Vontyx, AWEA, Imterstate Roncwabie Enargy Coundil, SEIA/GTM Rezcarch, Barkaley Lab
Figure 3. Generation capacity additions by region (2007-2013)

base,

“Practical Strategies for Emerging Energy Technologies”




Wind Installed Capacity & Load Factors (2012)

GLOBAL ANNUAL INSTALLED WIND CAPACITY 1996-2013

50,000 MW

45,169

H00 i
40009 i Wiy 1w e
0 2013 -21% decline
000 18 year average +23.7% growth Xan
5 T
bl -
15,000 ng-u
10,000 g0 — RN B33 — 8207
o 3 b
S0y g9 1530 — 2500 ’““ 80 . . . I

jomn ==

1996 197 19W 19 002 w003 004 2005 007 008 W09 W0 WM m

GLOBAL CUMULATIVE INSTALLED WIND CAPACITY 1996-2013

150000 MM
300,000 —2013 +12.5% growth IRt
25000 — 18 year average +18% growth 1%
20000 19001
148975
140 1N
106,000 T HNN
a4

m 000 13600 1240 2 30 & l I

i 7600 10200 16

o e mm WA

1956 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 1 1) I 1) 13

Source: Global Wind Report — Annual Market Update 2014, GWEC
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Average Load Factor is 21.5%
— High 28.3% - Denmark
26.8% - USA
17.9% - China
— Low 16.8% - Germany

Top windpower electricity producing countries in 2012 (TWh)

Country Vg;ggszl’:’:{: % of World Total NamGe;/r\)IIate Nar_r;\(j\;)t:ate F:i?gr
United States 140.9 26.40% 60.0 526 26.8%
China 118.1 22.10% 75.3 660 17.9%
Spain 49.1 9.20% 22.8 200 24.6%
Germany 46.0 8.60% 31.3 274 16.8%
India 30.0 5.60% 18.4 161 18.6%
United Kingdom 19.6 3.70% 8.4 74 26.6%
France 14.9 2.80% 7.6 67 22.4%
Italy 13.4 2.00% 8.1 71 18.9%
Canada 11.8 2.20% 6.2 54 21.7%
Denmark 10.3 1.90% 4.2 36 28.3%
Rest of World 80.2 15.00% 40.9 358 22.4%

World Total 534.3 100.00% 283.1 2480 21.5%
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Wind Integration Costs

— Integration includes:
— Fluctuating output profile costs
— Qutput uncertainties balancing costs
— Grid costs

At higher penetration,
Integration costs for
wind exceed generation
COsts.

base,

Integration
cosls

Generation
costs {

—— Syslem LCOE

=== Sharttamm System LCOE
Long-lerm capacity adjustment
Grd posts
Balancing cosls

I Frofile costs

B ceneralion cosis

5 10 15 20 25 30 35 40
Final elecitricity share of wind (%)

Source: System LCOE: What are the costs of variable renewables?
Falko Ueckerdt, Lion Hirth, Gunnar Luderer, Ottmar Edenhofer
Paris, June 20, 2013  32th International Energy Workshop

As presented by John Thompson Clean Air Task Force CCS — Pittsburgh
2104
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Concentrating “Big Solar”

Parameter

Boiler inlet temp
Steam temp
= Steam pressure

Heliostats

& Heliostat solar-field
aperture area

— Three self-contained units
— 3500 acres
— 5 miles end-to-end 100 days)

Tower height
Net generation (first

— 4 types of heliostats depending on distance Gross efficiency

lvanpah

392 MW (gross), 377 MW
(net)

J68F
1,013F
2,479 psi

173,500 (each holds two
mirrors)

2,600,000 m®

459 ft
116,000 MWh

28.72%

— Project Partners

— Bright Source Energy

— NRG Energy (NRG Renew)
— Google

— Bechtel

— Air-cooled condensers

Source: Power Magazine August 2104
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Renewable Portfolio Standards

Renewable Portfolio Standard Legislation as of May 2015

— Seven states—Hawaii, California, Nevada, Colorado,
Minnesota, Connecticut, and Oregon—have effective RPS
requirements of 25 percent or greater.

— Six states — CA, MI, NY, MN, IL and VT — are seriously
debating an increase in their RPS this year.

— Ohio: With the signing of Senate Bill 310 in 2014, Ohio became
the only state to “freeze” its RPS, effectively halting the state’s
mandates for efficiency and renewables until 2017. In 2017,
these standards should pick up where they left off when the
freeze occurred, however an Energy Mandates Study Committee
0 - - is reviewing wholesale changes to the standard. In this context

SEOWNIERS SIS Sweweis  gmewiies s of policy uncertainty, renewable energy employment and

investment is moving away, to more welcoming states.

— Legislators in four states (CO, MT, CT, and NH) have voted
down proposals to diminish or repeal RPS policies this year.

increasing it

No RPS has ever been repealed. West Virginia repealed a standard that
could have been met without any renewable energy, not an RPS.

*Ohio froze its RPS in 2014. In 2017, these standards should pick back up
but the committee is considering wholesale changes to the standard.

1.250

1.000

AEQ 2015 Total U.S. renewable
generation by fuel in 2013 & six 2040
cases (billion kwh)

250 Net total available to the grid
2013 = 3,888 billion kWh (~14%)
0 e et g A —— 2040 Ref = 4,672 billion kWh (~19%)

Qll Price Ol Price and Gas Economic Economic
Resource Growih  Growth

2040

b E l S e Source: American Wind Energy Association (AWEA)
- e
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Global Investment in Clean Energy

— Global investment in clean energy increased 16
percent last year, to $310 billion, according to data
compiled by BNEF. BNEF's conservative scenario

— The U.S. and China, the world's biggest emitters, More optimistic scenario is 8%-10% higher.
reached a historic deal in November to rein in
greenhouse gases.

— Pope Francis is preparing a papal encyclical on
climate change, a letter to the world’s bishops that Historical Forecast 63.3GW
will formalize the church’s moral position on the
issue for 1.2 billion Catholics

— He may also convene a summit of the world’s top 46.6GW

religious leaders in advance of global climate talks 40.3GW
in Paris in December. . .

— Those talks represent the world’s last best chance
to mitigate the damage from climate change

— National policies to reduce carbon pollution would
speed up the adoption of clean energy 6.66W 7.7GW

2008 2009 2010 2011 2012 2013 2014 2015 2016

mWestern Europe © Eastern Europe ™ Japan USA

m China India Rest of World

® b aS e e Source: Bloomberg New Energy Finance

“Practical Strategies for Emerging Energy Technologies”

55.7GW




No Carbon Sources

percent of total generation

lceland
Switzerland
MNorway
Sweden
France
Austria
Slovakia
Finland
Belgium
Slovenia

Spain
Hungary
Fortugal I
Czech Republic L
Germany I
ltaly I
United Kingdom I
Ireland
Metherlands I
Luxembourg I
I
I

Greece
Poland

United States [

Denmark: |
—

50%

60 %

70%

No-carbon electricity generation share in Europe and the United States (2012)

[ ]
I
||
]
[ |
m nuclear
m hydro

® geothermal

cia

solar, tidal, wave

m wind

m biomass and waste

80%

90%

100%

0% 10% 20% 30% 40%
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Geo-Political Issues
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U.S. Energy Consumption 2013 — 97.4 Quads

Net Electricity
Imports 0.179

2.56

Wind 1.59
1.60 0.157

3.98

Solar 0.0849
0.320
- o8 60.6%
Nuclear Electricity o -
2y Generation 32.5%
2.53 38.2 REejected
nergy
25 59.0

Residential
11.4

4

Commercial

£ Energy

Services
38.4

Industrial
24.7

Trans-
24.9 portation

Petroleum B

35.1
21.0%

Source: LLNL 2014. Data is based on DOE/EIA-0035(2014-03), March, 2014. 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 electricity sales and does not include self-generation. EIA reports
consumption of renewable resources (i.e., hydro, wind, geothermal and solar) for electricity in BTU-equivalent values by assuming a typical fossil fuel plant "heat rate." 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 65% for the residential and commercial sectors 80%

for the industrial sector, and 21% for the transportation sector. Totals may not equal sum of components due to independent rounding. LLNL-MI-410527
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Supply Side — U.S. Production

FIGUREG U.5. crude oil production
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Source: ULS. Erergy Information Adminisration.

base,

FIGURE F.3 Projected and actual U.5. oil pro-

duction
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Source: Intamational Enengy Agency.
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The U.S. is the Swing Producer

FIGURE4 U.S. crude oil supply growth and
disruptions elsewhere
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Sourc=: ; World Bank, Inlemational Energy Agency.
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Annual Energy Outlook - 2015

Figure 15. Primary energy consumption by fuel in the
Reference case, 1980-2040 (quadrillion Btu) Figure 31. Electricity generation by fuel in the
Reference case, 2000-2040 (trillion kilowatthours)

120 1990 History 2013 FProjections " History 2013 Projections B
100
a0
2T%
g0
139
40 10%
20 Petroleum and . o
other liquids 39% Coal %
0 1% Petroleum and other liguids 19
1880 1980 2000 2013 2020 20530 2040 2000 2005 13 2020 2025 030 2035 2040
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U.S. Shale Gas

SHALE GAS LEADS US GAS PRODUCTION GROWTH
2012
40 A O A e Zisaros S = g

History

Dry gas tcf

Alaska/ Associated with oil
ot R Coalbed methane
1990 1995 2000 2005 2010 2015

Source: EIA presentation to IPAA, Nov 13, 2014

2020

2025

2030

2035

FIG. 2

bcfd

- 75%
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Baker Hughes Rig Count

Country: UNITED STATES

OffShore: Both Land and Offshore  Min Depth: All Depth

Basin: All Basins

Selected Criteria
State: All States County: All Counties
Max Depth: All Depth
Operator: All Operators

Texas RR: All Districts
MMS Areas: All MMS Areas

Total Rigs 639 on 22-MAY-2015
Down -1 or -0.2% compared to last week

Peak - 1600
/

Down -869 or -56.9% year-over-yege]

=+ Current Year

I s atae RS ah et k/ . 1
1400 - N — o Sl
wn
L= 4
2
= 1200 - IR HHE
- 4
0
E 1000 - : “Hl.\ :
= | A
G
800 - s HEELLL
1 | : : . . | : . . | ”””l'tmﬂ/
S : B : : : S — ;
Y S P PSS
S':'Q S:’ Qq '-'DQQ D& ‘e‘d‘l“‘ 0&" 3@? }fﬁ' ((60 ‘!@« ;?.Q QEEA
MMonth

“ Current Year + Previous Year

|:| Previous Year

May - May Jun - Jun Jun - Jun Jun - Jun Jun - Jun Jul - Jul
—— Current Year 1536 1536 1542 1545 1358 1562
-0 Previous Year 1410 1406 1413 1405 1390 1395
+ Current Year 1536 1536 1542 1545 1358 1562
+ Previous Year 1410 1406 1413 1405 1390 1395
Lo —

Rig Count 659
May 22, 2015

*]/ 10% Off Peak - 1440

June - 25 Weeks

o/
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Indexed US Rig Count (Peak=100)
Aligned 10% below peak

100 / In all but the '98-'99 cycle, US

rig count bottomed ~25 weeks

after coming 10% off the peak
75 / —'85-'86
'98-99
50 e—'01-'02
—'08-09
25 —_—14-15

-15 -5 +5 +15 +25 +35 +45 +55
Weeks (0 = Rig Count 10% below Peak)

Source: Bloomberg Business
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U.S. Crude Oil Exports

— Available for export
— 1.5 MMbbl/d of domestic crude
— 0.5 MMbbl/d re-exported Canadian crude
— On par with Kuwait
— Refinery constraints began to appear late 2012
— Max import substitution threshold 65%/35% domestic/imports
— Domestic production gains will increase pressure to export
— Fig. 1 based on $75/bbl for U.S. shale
— Mid-east operational disruptions disturb Asian customers

— U.S political mechanisms appear to be in place to support lifting
the existing bans

— U.S. competitive advantages
— Asian refineries have room for substantial light sweet crude

— U.S. lighter crude can be blended with heavier Canadian to match refinery
preferences

— U.S. Crude exports will be the global swing barrels, putting pressure on Mid-East
supplies

— U.S. independent suppliers will be driven by market opportunities
rather than o1l ministry mandates imposed on NOC’s

US CRUDE OIL, CONDENSATE EXPORTS: HISTORY, FUTURE G, 1
25007 —
GS Caltex purchases US refining capacity
Alaska North Slope becomes saturated
5060 cargo: 800,000 bbl. with domestic
¥ Cosmo Oil buys Eagle Ford production
condensate cargo: in 2015.
2 300,000 bbl
Q
8 1,5009— GS Caltex buys Eagle Ford
S condensate cargo:
) 300,000-400,000 bbl.
)
g 1,000—————— =
<
wl Repsol buys re-exported
Canadian WCS* cargo: g s
500,000-600,000 bbl. X :
500 — il
\ BN 111
0 -—-vaIHNm<1r-«Nmv‘ammvl-—&m&’-—wr’v‘)%l-ﬂw&w;ﬁm<r
2010 2011 2012 2013 2014 2015 2016 2017
(est.)
US crude M Canadian crude re-exports M US condensate
“Western Canadian Select.
PADD 3 REFINERIES SATURATED WITH DOMESTIC CRUDE A2
300 - r 100
I |mports 1995-2010: US Gulf Coast refiners Shale boom
invest to reorient refineries towards kicks in.
— PADD 3 diet of cheaper heavy sour crudes. L 90
250 4 crude 5 S oty s ¥ s
exports
Current avg. PADD 3 Nelson

N

=

o
:

PADD 3 exports, imports, 1,000 b/d
= —
o 23
(o) S

This is why producers want

complexity ~ 12.1

o 5
]

-4
az

F80

Imports as proportion of refinery runs, %

<
=}
[
>
)
=

Source: O&G Journal Dec 2014

b export restrictions removed
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U.S. Balance of Trade Natural Gas

— Lower natural gas imports from Canada
resulted in the decline of net imports in 2014,
which were 41% below the five-year average.

— Natural gas imports to the United States, 98%
of which arrive via pipeline from Canada:
— Have decreased almost every year since 2007
— In 2014 reached the lowest level (2,636 Bcf)
since January 1995.
— Natural gas exports from the United States
decreased 4% in 2014 to 1,509 Bcf, but they
remained 9% above the five-year average

— Natural gas exports to Mexico increased 10%
in 2014, setting a record, but exports to Mexico
did not offset the 16% decline of natural gas
exports to Canada.

— The United States also traded liquefied natural
gas (LNG) and compressed natural gas (CNG)
with its partners, but these volumes were

inimal in 2014.
base,

U.S. net imports fell to another record low in 2014

billion cubic feet

eia’
5,000
v ports  iMports net imports
4,500
4,000
3.500
3,000
2,500
2,000
1,500
1,000
500
V]
1996 1999 2002 2005 2008 2011 2014
U.S. Natural Gas Imports & Exports 2014
2014 vs. 2014 vs.
5-year avg. 2013 2014 5-year avg. 2013
Imports (Bcf)
Pipeline 3,095.7 2,786.5 2,635.9 -15% -5%
LNG 300.7 96.9 59.2 -80% -39%
CNG 0.3 na
Total 3,396.4 2,883.4 2,695.4 -21% -7%
Exports
Pipleline 1,341.3 1,569.4 1,492.4 11% -5%
LNG 17.5 0.2 13.6 -22% 6739%
LNG re-exports 22.4 2.7 2.7 -88% -2%
CNG 0.1 0.2 89%
Total 1,381.2 1,572.4 1,508.9 9% -4%
Net 2,015.2 1,310.9 1,186.5 -41% -9%
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OPEC
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OPEC Net Oil Export Revenue

OPEC (excluding Iran) net oil export revenues?
1000

750

500

billion dollars

250

1980 1990 2000 2010

| <= nominal == real (2014%)

fore

OPEC (excluding Iran) net oil export revenues

Nominal (billion $)

Jan-Feb
Country 2013 2014 2015 2016 2015 2013

Real (billion 2014%)

Jan-
Feb

2014 2015 2016 2015

Sources: U.S. Energy Information Administration, derived from data in the March 2015 STEO

— 2014 at $730b declined 11% from $824b in 2013
— EIA projects further decline to $380b in 2015

— Saudi Arabia represents 1/3 of this revenue

— Saudi Arabia has indicated it intends to maintain
export market share, rather than cut production
— 2016 forecast of $515b based on a forecast crude

oil price recovery

Algeria $55 %48 -- -- $4  $56
Angola $27  $24 -~ - - $2  s27
Ecuador $10 $10 -~ - - $1 %10
Iran -- -- -- -- -- --
Iraq $a7  $87 - __ $7  $88
Kuwait $90 $81 - - $7  $91
Libya $29  s9 - __ $0  $29
Nigeria $82  $77 - - $6  $84
Qatar $42 %38 -- -- $3 %42
Saudi $278 $246 - - $19 $282
Arabia

UAE $57 %53 -- -- $4 858
Venezuela $67 $58 - - - - $5 %68
OPEC [ $824 $730 $380 $515 |  $58 $837

$48
$24
$10
$87
$81

$
$77

$38
$246

$53
$58 --
$730 $380 3501

54
$2
51
§7
57
$0
$6

$3
$19

54
$5
$58

View nominal or real data (2005-16)

Source: U.S. Energy Information Administration, derived from EIA's March 2015 Short-

Term Energy Cutlook.
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Fiscal Break-Even by Producing Country

Markets Il Chart of the Day

Fiscal break-even oil price ($)
170

127.5

425

0

Saudi Arabia Bahrain Oman Nigeria Russia
BUSINESS INSIDER

2014 2015 2014 2015 2014 2015 2014 2015 2014 2015

2014 2015
Venezuela

560-70
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China
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Installed Generating Capacity - China

1,400
1,200
1,000

800

Gw

600

400

200

0

wm Solar
# Wind

Hydro

Nuclear

g Thermal*

2000 2001 20

- China’s Nati

02 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
*Thermal includes ~7% non-coal fired power (e.g., natural gas, biomass, atc.).
Saurce: China Electricity Council, China National Energy Administration O&G Journal Oct. 6, 2014
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China Natural Gas

2010: first pipeline
imports from Central

2013: first pipeline imports fram
Burma; imports from Kazakhstan
flowe thraugh CAGP

natural gas

LMNG

2010 2011

2012
other LMG m Central Asia and Burma

2013 )
eia)

Chinese natural gas supply mix (2012-40) China’s natural gas imports by source
trillion cubic feet trillion cubic feet
18 20
16 31 18 18
14 pipeline imports 1.6
12 from Russia 1.4
pipeline imports 12 :
12 from Turkmenistan 10 Asia
o e
4 13X domestic production 0-4 2006: first LNG imports
9 .
0 0.2
| T T T - — — : 00
China supply Increased Turkmenistan Russia-  Additional China supply
2012 domestc  deal China  LNGand 2040 B T T
production gas deal other _ atar mAustralia ® Indonesia alaysia
contracts cia
Selected natural gas infrastructure in China
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China Natural Gas

CHINA'S PROVED RESERVES, PRODUCTION: 1980-2030 H. 4

000 | e -300 — China 2012
) e e i — Consumption - [147.1 BCM
£ oo T 0o — Production - 107.1 BCM
g g — Imported - 42.5 BCM
1 — China 2015
8 300, i R — Consumption - 230.0 BCM
hﬂlﬂ t | ~ China 2020
o KiRHTHHAIINIE ?!m ML — — Consumption - 375.0 BCM
CHINA'S NATURAL GAS OUTLOOK I Cfgna 2030 ———
— Consumption - :
ZZZ : = . Demand growth driven by:
- BB Shale gas — Continued Industrialization
- : e I CHERNEEN (N — Urban & Agricultural Modernization
& . l — Switch from coal to natural for power generation
it - ] — Future use of CNG for cars and trucks
0] K8 l i — Alternative fuels

2012 | 2015 2020E 2030 |

0
b aS e Oil & Gas Journal Sept. 2014
- e
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China: World’s Second Largest Importer by 2025

Over 2.4 tcf per year of LNG demand,

growing at a fast pace with high uncertainty | China forecast:
2015 - 230 BCM (15.6%/year)

« LNG demand expected to China’s Gas 2020 - 375 BCM (12.6%/year)
grow near 15% per year but i
Is dependent on economic
grOWth, domeStiC gas From Kazakhstan/Turkmenistan soﬂ;“ E’;'sot::nR;:)ij‘:e
production and pipeline <songes BT i 4
imports

» Chinese LNG demand driven B s s 208 e £°C0

ot e 4.3'tcflyear = 122 BCM/year

by GDP growth 2.4 tcflyear = 70 BCM/year

« Pipeline imports into China
are projected to grow to near
4 3 tcf a year

o RUDONG
WUHAOGOU
d SHANGHAI

D FUJIAN

Kunming Xiamen

» Domestic production Will  _ ,..cue moeine y o T
remain the major gas ~ — INIUINL.  Feom Mo e oot o
source O  INGTerminal

China has built LNG import terminals along its eastern coast and pipelines to move
b as e natural gas from Central Asia suppliers to serve its population centers
- e

Source: Poten & Partners
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Natural Gas Pipelines to China - 227 BCM

U0 {E 5 18]
FRFARURIATIARIAGE ) (2K, WEiE03sH)  ASIACHE
Xinjiang Gas Out-Pumping Pipelines and Capacities (in bnNm?¥a, as of May 2013)

WHTHZK ‘A WIAHED RE iz 0 (6)
Pipeline Name Investor Capacity Status Startup Time |
BARE & P haiE =
4
West-to-East #1 PetroChina ol In Operation 200
W ) EeE R I 1
RS 8 %n_& 30 EH 5641
West-to-East #2 PetroChina In Operation
AARM=2R PhaIE BT
West-to-East#3 PetroChina 30 To be started up H22013
& ¥
BURBIILR Pk sl
|
West-to-East #4 PetroChina > EIVDAmBIEN WA
Assessment
il Bt Y ot 2
ASEKWALLE i 1.5_?: 45 % N/A
West-to-East #5 PetroChina Proposed
H G R R T bRt 30 CiREER 2016
Xinjiang-Guangdong-Zhejiang SNG Sinopec Pre-approved
FR A RS PRk 8%
e:“...‘?f'tv. nHEn ? fa 30 (&7 N/A
Xinjiang-Shandong SNG Sinopec Proposed
21t Total 227

Source: ASIACHEM

RUSSIA
Stage1 A

Cosmoprome
& B3ayqdngyr (Baykenyr)

Lyzylorda (Kyzylorda) fhan
Tangi
A\rnat',r‘ sf".\;'.flw_.n
- Taraz
Shymbkent
u KYRGYZSTAN
UZBEKISTAN

'?- - TURKMENISTAN |
\
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200 km
[ W00 200 mi

Big coal-based SNG plant starts in China

HOUSTON, Oct. 28
10/28/2013

By OGJ editors

— Haldor Topsoe, AS, Denmark, reported the
start-up in Xinjiang, China, of what it calls the
world’s largest substitute natural gas plant.

— The $4.1 billion, single-train plant has a
planned output of 1.4 normal cu m/year of
SNG Qinghua Group of China owns and
operates the facility.

— The plant uses Hador Topsoe technology for
methanation of synthesis gas derived from
coal.

— Most of the SNG produced at the Qinghua
will be moved by pipeline to populous areas
of China, especially in the eastern part of the
country.
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China Shale Gas

China was ranked as the largest holder of > .
shale gas resources among the 41 =

countries assessed for technically
recoverable shale resources in the
study released by EIA/ARI this past

Beijing
B

I'I/}«

J e (henqqg/s’k@b / -ngaﬂ - ‘» Shaighai
' / Lctigaing - 2R
1 Assessed basin . South Chian/ _
1 0ther basin Guiyang Yangtze
platform
FIG. 2. China shale gas and oil reserves assessment. Sources: US EIA and Advanced Resources
International Inc.
EST'MATED CHINESE SHALE GAS RESOURBES Tablg Hydrocarbon Processing | FEBRUARY 2015 29
Geological resources, Technically recoverable

Year Institute, expert trillion cu m resources, trillion cu m
2009 Research Inst. Of Petroleum

Exploration & Development (RIPED),

Dong Dazhong, Chen Kemming, et al. 86-166 15-32
2010 RIPED, Zou Caineng, et al. 30-100 10-15
2010 RIPED, Liu Honglin, et al. 30-100 21.4-45
2010 China University of Geosciences (Bejing),

Zhang Jinchuan, et al. 30-100 15-30
2010 CNPC Consulting Center, Qiu Jianzhong 30-100 18-29
2011 RIPED, Dong Dazhong, Wang Shejiao, etal. 30-100 12-18
2011 CNPC, Zhao Wenzhi 30-100 7-10
2011 US Energy Information Administration 144.40 36.10
2012 Ministry of Land and Resources,

People’s Republic of China 134.42 25.08

0O&G Journal Oct 2014
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East China Sea & South China Sea
e 1/;/'@?% /mt:m Seaof 7
- _‘}“ o] 2’_..’) Japan Y/

Ly o N P

o ?Yg'ggw ‘*'if(%‘,iﬁl = w’w o

Source: U.S. Department of State

wvun‘l“ﬂ

China said its recent gas discovery in the South
China Sea could yield 100 BCM natural gas

b o 4 Woody

Island
\
E

Paracel
Islands

Island "‘
Gaven Reefs —

4~ Fiery Cross-

Cuarteron
/ Reef

- —

Reef- =

Southw est :‘m; &
{ Cay
= Ttu Aba

N Hughes &7 1
| Reef £

5 e a

Eldad Reef
/ Spratly
Islands

* Mischief
Reef"

China Sea

Petroleum reserves and fisheries are among the
resources at stake in disputes over the South

The South China Sea is one of the world's
busiest shipping routes

There is a patchwork of overlapping claims by

governments including China, the Philippines
Malaysia, Vietnam and Taiwan

China claims virtually all of the South China
Sea.

The gas field has a depth of about 1,500 meters
Redamaﬁonworkb;“ China is building and militarizing islands to
e /2 Jane e further its land mass claims
4 Swallow ™ " Reef y {; »‘:| oS e
s 8 f ~~ Airstrips
Sy o
B \‘ —‘_,/ r,fs “‘T §0Jrces:C:mﬁ,csis Eg;
b . > : MALAYSIA {;. J]aﬂES com; lawfareblog.com
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India

1. Total renewable capacity. Although India’s Central Electricity Authority provides
29,462 MW as the total renewable capacity at the end of December 2013 (as cited in the text)
and the Ministry of New and Renewable Energy (MNRE) finds a total of 29,989 MW, the vari-
ance is small. Numbers in the chart are rounded. Source: MNRE

Table 3. Installed solar PV capaci-
ties (GW). Values are approximate. Source:

Waste to power | 99
Biomass n 1,285

Solar Power u 2,180

Bagasse cogeneration “ 2,513

Small hydro M 3,763

Wind

20,150

0 5,000 10,000 15,000 20,000 25,000
MwW

Table 1. India’s installed capacity. Source: Central Electricity Authority

Sterling & Wilson

Germany | 36
China - 20
us. 11-12
Spain 67
India 2

Source: Power Magazine May 2014

India fossil fuel consumption
quadrillion British thermal units

Renewables 25,856 29,463 3,606
Coal 120,873 138,213 17,340
Gas 18,903 20,381 1,478
Diesel 1,200 1,200 0
Nuclear 4,780 4,780 0
Hydro 39,339 39,893 554
Total 210,952 233,930 22,978

base,

Source: Power Magazine May 2014

7 imported
fossil fuels
coal

2 natural gas

38%
15
10
15%
5
[] T T T T T

1990 1995 2000 2005

2010

2012

domestically
produced
fossil fuels

cia
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Canada’s Bitumen

WESTERN CANADA SEDIMENTARY BASIN B
LARGEST CRUDE RESERVES Table 3 |
Average g
Remaining reserves, recovery after
Jurisdiction 00IP, hillion bbl billion bbl shrinkage, %
Alberta 2,268 848 37
Venezuela e 1300 550 42
Saudi Arabia 716 260 54
ALBERTA CRUDE BITUMEN PRODUCTION FIG. 4
700 : ; : 4,405
600 3,776

500 3,146

400 2,517

ALBERTA'S BITUMEN DEPOSITS

300 1,888

200 1,259

Production, 1,000 cu m/d
Production, 1,000 b/d

100 629

2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
Source: ERCB $T98-2103

Source: O&G Journal July 2014

Source: ERCB report ST98-2013
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Gas to Europe - 1101 BCM Demand

— Europe/Eurasia Pipeline Imports - 470 BCM
— Russia 208
— Norway 93
— The Netherlands 50
— Algeria 33
— Europe/Eurasia LNG Imports -
— Qatar 43
— Algeria 16
— Nigeria 16

91 BCM

G, A
@ & 7 // Russia
f.v ‘\_// K 5"‘"/“:"« '/;'5
]%\ N/ Ifg/w aivie
-
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® /7 Ka: n
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= Beloru:
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. H; 4 * Georgia
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* nid) Gro. AN Schwarze Meer
France >
. N
i * O\ oS Serbia &
s =
Por, o ‘oh N )" 3 Turkey
tu S / y {Mace 1
qal pain / L YN O =
S~ &= ) by 4 S @ &~
T~ S
S T ’ .
1 Ara Gregeel.” s
le¢> ¢ * 4 o .
1 .
; Mittelmeer R 0, PR
‘V’*/ H A |
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\asdiN 0 S 4000
N eria Malta —:w:— Araia
KBB UT
’ Gas cavern storage ‘ :‘:’e?as ?t;’:él i s Gas pipeline LNG import terminal

LNG import terminal
planned
LNG export plant

===+ Gas pipeline planned/
SUdo R & LPC: under construction

* % %

() Bxisting gas cavem storage & S
under extension brine production

RN

Irag

PLANNED SOUTH STREAM AND NABUCCO GAS PIPELINES

>

, _ ’ w— Proposed Nabucco goas pipeline
| —— Proposed South Stream pipeline
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Russian O&G Production

ODUCTION IN RUSSIA* FG.2 .. < .
oo — Arctic is Russia’s priority resource base for the 215t century

— Capability & knowledge unmatched by Arctic Council
— Governance of the AC inconsistent with NATO

Arctic Ocean ]
Norvregian Sea

ol Bering Sea

e — The UN Convention on the Law of the Seal (UNCLOS)
s may be replaced by a sovereignty rights
i WO — U.S. failure to ratify UNCLOS will be an issue

Sea of Okhotsk

. ; — Russian sanction complicate things
cay East — Potential for Russia/China alliance

ARG A

0'4/million b/d (4%)

Black ; 89%%)
g s [ 21H5tcTl(89%)) : te{ %)
North Caucasus\ ¢ / : . .
Wit L6 o i RUSSIA'S ARCTIC COASTLINE =
<0.1 tef (<1%) -
<o TR KAZAKHSTAN NS eX e suor Arctic Ocean
0 Km 955 Japan  JAPAN Norwegian Sea

IRAQ  IRAN -~ Cafan MONGOLIA

*Parentheses sigrify percent of total caily procuction.
Saurce: US Energy Information Agency Nsog,n
NORWAY

Source: US EIA /O&G Journal Jan 2015 SWEDEN

f Bering Sea

GERMANY
bbl/d % tf  BCM % G
Northern Caucasus 0.10 1% 0.01 0.3 0% tmia O
Urals-Volga 2.20 22% 1.10 31.1 5% e Sea of Okhorsk
Northwest Arctic 0.50 5% 0.10 2.8 0%
West Siberia 6.20 62% 21.10 597.5 90% -
East Siberia 0.60 6%  0.20 5.7 1%
Far East 0.40 4% 1.00 283 4% S
Total| 10007 100%  23.51 6657 100%| | ™. .. e =

‘Source: US Central Intelligence Agency, World Factbook

Source: US Central Intelligence Agency, World Factbook
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Russian Olil Price vs. Ruble Devaluation

Falling Oil Prices and the Ruble in 2014
Russian ruble -54.6% against the dollar, crude oil -44.89% YTD

Brent crude oil (rebased)

N~
7/_/\\/:;.\// "

/\/'N"'\/'\/“/\/ -~
Russian ruble to $ (inverted, rebased)

{ | G as ol
11E H

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec
2014

Source: Thomson Reuters Datastream RO REEThoms pon|Reutars|(Reuters)]

Within Russia,
the price of oil (in Ruble)
remains the same
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Russia

Selected natural gas infrastructure in eastern Russia

Russia gross export sales, 2013 (‘Eﬂ =
billion U.S. dollars - e vautia am;’akulsk
5400 -

21% petroleum products ‘ \1_ e
300 mostly to Europe, some to . . . -2 -
North Amefica = = e g
Irkutsk S '
production area” " / _Chita
14% natural gas, mostly a_ul'ﬁ.h_—ﬂ
5200 f3% __ to Europe ‘*‘L,J L}\
of exports . y
= 33% crude oil, mostly to 32% other et /
Europe (including Turkey), energy and MIONC OIS CHINAT™™S
$100 . - iquefi
th some to ASIE |-||:||-|e|-|e|-g}f - A liquefied natural gas plant
i m— natural gas pipeline
expors I cil and natural gas field
< city (:1_2? 'BEIUI'HQ in 4 )
0
oil and natural gas all other exports _
Major natural gas transit pipelines flowing through Ukraine eia

Qil and natural gas production in Russia (2013) W M / \ .
oil natural gas Russia

(million barrels per day) (iion cubic feet) 16% of European Gas Flows Through Ukraine
Ukraine to buy gas for $10 per mmBtu

1. West Siberia

2. Urals-Volga ) )

3. East Siberia

4 Morthwest & Arctic

gl

eia
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5. Far East I

6. Morth Caucasus

Black Sea
/-/\-—\
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Russian Gas - 607 BCM Production

44,600 BCM Reserves

/
e
O8
URENGDY
(5
N - e
y e L0,
NIZHNEVARTOVSK 10 i@ - d
J Q & o
.'n:’;s
O TYUMEN T 1 [-_ -
O KOMSOMOLSK-ON-AMUR
E- O BOGUCHANY G SKOVORODING Walositnskoys [ 1% \
IHZHNAYA o
OMSK ) 10MSK KRASNOYARSK POYMA (3 VESHCHENS 3 KHABAROVSK
: ) Py Qe & s o, O} j BLAGOJESHCHENSK LIKHABAROVS \
z F =F o O PHOSKOKOYD 5 aBIz!
Table 2: Major Recipients : L iy ’ BIRQBIDZHAN Q
- 3 o p ] 3 \
of Russian Natural Gas Exports, 2005 J o 3 BALAGANSK O O DRNERECHENSK
o (1 BARNAUL Q) MOVOKUZNETSK NG \
Imports Percent of Domestic . ABAKAN IRKUTSRC) \ 0
. IYSK L) \
Rank | Country (bcfly) NG Consumption N Ao oS y
1 [Germany 1,291 36% P CHINA O VAADIVOSTOK '
2 |kaly 824 27% KHSTAN N
3 [Tukey 630 85% ULAN-BATOR (O JAPAN
4 [France 408 23% o o S B
5 |Hungary 294 56% MONGOLIA \ DPRK ¢
6 |Czech Republic 252 75% CHINA
7 |Austria 246 2% [
§ |Poland 226 39%
9 |Slovaki 226 99% ; . Sipeling
T TFriand 0 = able 3: Sources of Natural Gas for Ukraine’s Vurubcheno-Tokhomskoye @ Chayandinskoy e
11 Romania 140 999 January 2006 Supply Agreement ) Reserves: 700 billion m ) Res 1,240 billion m* i
12 |Fmr Yugoslavia 134 57% Amount| Amount Price Price @ Sobinske-Palginskoys (&) Sakhalir Demvan
13 |Bulgaria 101 £3%, Country Source | (BCMiy)| (BCFly) | Acquired by | ($/MCM)* |($/MMCF)* Reserves: 170 billion m Raserves: 900 billion m*
14  |Greece 35 85% Gazexport, ® Kovyktinskoy (8) Sakhatin offsh
15  |Switzerland 13 11% Turkmz_amstan" 4 1449|Naftohaz Ukrainy[ $  65.00 |§ 184 = Reserves: 2,000 billion m: = act ” g prace: :
Sales to Baltic & CIS States, 2005 Uzbekistan 7| 247|Gazexport $ 6500|% 184 f; t il 3 3
Ukraine 5113 59% Kazakhstan 8 283|Gazexport $ 6500|% 184
z = Russia 17 601|Gazexport $23000(% 651
Belarus 710 9% Total/Wid.Average 732,580 $ 103.42[§ 293
Baltic S..tateg 205 ag:o * MCM: Thousand Cubic Meters, MMCF: Million Cubic Feet
Azerb_a”an 120 33% **MNaftohaz Ukrainy stated on 1/10/06 it will buy Turkmen gas for 850/mmcm in the first
Georgia 46 88% half of 2006 and $60 during the second half, but the final agreement's price was
Sources: Domestic Consumption: ELA International Energy Annual, 2005; Imports: higher. Using the lower price for Turkmen gas, the wid. average price is $97.8/MCM.
Cedigaz 2008 and BP Statistical Review 2007. Source: Russian Energy Monthly, January 2006



http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=y3OFU2TuDzkk9M&tbnid=NR6C8qHskXWGdM:&ved=0CAUQjRw&url=http://www.bloomberg.com/news/2012-07-02/mongolia-pushes-russia-china-to-re-route-planned-gas-pipeline.html&ei=6oBdUrLyMPTI4APu-ICoCQ&bvm=bv.53899372,d.dmg&psig=AFQjCNGICl785O4PNJUVVCCgjRz0DKslMg&ust=1381945146419258

* Bemy'y = billion cubic metres a year
Source: IEA
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The (Confused) Caspian Sea Region Gas
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BELARUS ——— Current pipelines

: od pipeli
. ' Karachagana (0rsk rroposes ppeines

R ) N L1 Krasny Oktyabr
<%, Central Asia -
s Centre upgrade
“ad @ _______ KAZAKHSTAN

“h*" E ___:r.,-'k"nenis:a:'. to China

UKRAINE '
OOdessa
IA X N
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O f 5 ..
Caspian /! Caspian . .
sea ¢ Comotal \UZBEKISTAN  Shymkent je==Almaty
I ¥ pipeline s, Bishlkek
d ., / KYRGYZSTAN
‘.‘.‘, O Tashkent
CHINA

ROMA
nstanta Black -
L) SE‘B..—"'.‘
BULGARIA -+ GEORGIA | ™
WH 7 South Strea SupsaO Thilisi
At anbul - RZERBADIAN| |\
A e . R i TURKMENISTA
’ Anka Nabucco 2y B3 Trans- Turkmenbashi 7
/ - TAJIKISTAN
s y = . O
/l TURKEY & - i:iﬁl:sn QAshgahs Dushinba
’ abnz
Ill CeyhanO ".... Ofeka
// ISYRIA OTehran ...
/',' ," :‘ KEEGTD-.,HB
: IRAQ \D Baghdad - AFGHANISTAN ~--.[lIslamabad
/ iy ahan b, “
/ ISRAE!; "; HAN e o .. TAPI Option 2
Y, . 7 i = S
s ; R Quetta TAPI Option 1
. PAKISTAN o
K New Delhi
! EGYPT
« South Stream project cancelled QA(AR/?J g o
» New Turkish Stream 63 BCM/y committed UAE
* Operational 2016 24,300 BCM Reserves
b No established Reserve/Production Ratio
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Argentina Shale Gas

« EIA recent update of global shale g
resources ranked Argentina’s
potential second in the world

— 802 TCF/22,700 BCM

» Argentina rates their shale
prospects at:

—1181 TCF/33,400 BCM

» Argentina was not a factor in gas
reserves last year

» Gas Plus program

—A 300% hike in as prices effectively
- - Throwghper capacity s Wi dd
ending price controls & Conpn iy | e

08

Atridantic

Oecean

TGN details

—Energy Co’s expected to reinvest
profits in gas production

0 B

|

Aokl
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Arctic Oil & Gas

— Estimated 13% (90 billion barrels) of the ¢ S hgreedftshore |

world's undiscovered conventional oil .m;icatmleﬁmit
— 30% of its undiscovered conventional natural
gas S
. . WY O e i anfiagen
— Costs to develop reserves in the region can be W i & A g
50-100% more than similar projects 5l = L [ Y N
Undertaken In Texas. derty o / . (loriAY ’} ‘ DENMARK
— Profitable development challenging due to ‘;g_;ﬂi:‘;/ ] (s
the following factors: sen s S | oy
— Equipment needs to be specially designed to A 4 f’.";’;ﬁ,‘;‘;j&, (/ ATLANTIC OCEAN
withstand the frigid temperatures. e ¥ o e il gy
— On Arctic lands, poor soil conditions phciFre N GO :{// B o o
— Long supply lines OCEAN . 2 RS T s ey
— Natural gas hydrates can pose operational e b Bl [ Jumeine
problems The Economist 2014
— Natural gas development could be impeded by
the low market value of natural gas relative to — Overlapping and disputed claims of
that _of oil. and r_ugher _transportatlon costs _ economic Soverelgnty
— Environmental issues include the preservation — Exclusive Economic Zone (EEZ)-
of animal and plant species unique to the Arctic countries have exclusive rights to seabed
— The adequacy of existing technology to manage resources up to 200 miles
offshore oil spills in an arctic environment — Beyond the EEZ, assessments of "natural

prolongation" of the continental shelf may
Influence countries' seabed boundaries.
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Environmental
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Fracking

— Fracking components
— Fracking fluids
— Produced (waste) water disposal
— Induced seismicity, aka “earthquakes”
— Requirements to succeed
— Re-cycle waste water
— Environmentally acceptable fracking fluids

SHALE GAS LEADS US GAS PRODUCTION GROWTH

AG. 2
2012
40
History Projections

100

35
90

30 80

Dry gas tcf

befd

Tight gas

Non-associated onshore

Associated with oil
Coalbed methane

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040

Alaska-/

Source: EIA presentation to IPAA, Nov 13, 2014
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Fracking in Eur

June 2011: UK firm Cuadrilla
causes on

e - the Rebellion Grows

By 20 Oct 2011 ExxonMobil
holds six licenses and plans

Sept 2011: State
Energy Company

a second test well, State Naftogaz signes
Countias operator PGNIG preliminary
z::ﬂ:mfm o planning six test wells agreement with
bans or moratoriums in 2012 ExxonMobil for
Shale exploration
on fracking.

and development

permits ExxonMobil
Total and Schuepback completes four exploratory
after mass protests. - wells by Jan 2011. State of
i ms:“w states Westphalia institutes

moratorium March 2011

A.'

7 Jan 2012: Tens of thousands
demonstrate against fracking.
Government removes

ExxonMobil permission to frack

The U.S.Fracking Explosion at a Glance
This map shows just how widespread the fossil fuel extraction method known as fracking has become in the

United States since it became commercially viable in the 1990s. Fracking now occurs in 22 states, and could
soon begin in five more.New York is the only state with known natural gas reserves to ban fracking.

FRACKING STATUS

__|Active __|Couldsoonbegin [l| Banned | No economically feasible reserves [[11]] Other* 9 Local bans or moratoria
WASH.
MONT. N.D. - MAINE
ORE. . >
IDAHO sD. Wisc. P :
WYO. MICH. P . P &

IOWA PA! NS VT

V. NEB. ? S VT

P s ? ? OHIO N e
UTAH 1L MD. H.

CALIF. coLo. ? IND. s ‘2 N
KAN. MO. e VA. VA, - MASS
CONN.
2 NC. _
TENN.*

ARIZ. ? OKLA. | Ri.

N.M. ARK. sC. o

MISS.  ALA. . -~
P Gh _ | oeL

TEXAS LA,

0
FLA.

ALASKA *Little or no modern fracking occurs here. It's technically
allowed, but drillers tend to use other techniques such
as injecting nitrogen gas or foam underground with
little water.

|

**Ban does not apply to Native American-owned land

[SOURCE: InsideClimate News research Data as of Jan. 15,2015 PAUL HORN / InsideClimate News]
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EPA Fracking Report -EPA/600/R-15/047¢c June 2015

Water Source Well Wastewater Management

420,000 - 1.3 million gal produced
| Up to
18% | /

" Reuse CWT m UIC disposal well

Most of the injected fluid is retained
in the subsurface: Produced water
volumes over 10 years are
approximately 10-30% of the original
injected fluid volume

® Surface Water m Reused Water Ground Water "
1

h Water Source Well Wastewater Management

GZo% Produced

water volumes
over3

years are
approximately
the same as
the original
injected fluid
volume

m Surface Water m Reused Water © Ground Water "7 W Reuse W UIC disposal well

in —_—
ﬁ__i__b ARN _[5/

Figure ES-3. Water budgets representative of
practices in the Marcellus Shale in the Susquehanna
River Basin in Pennsylvania (a) and the Barnett
Shale in Texas (b).

Pie size and arrow thickness represent the relative
volume of water as it flows through the hydraulic
fracturing water cycle

Wastewater going to a centralized waste treatment
(CWT) facility may be either discharged to surface
water or reused

Wastewater going to an underground injection
control (UIC) well is disposed of below ground

These examples represent typical water management
practices as depicted for the most recent time period
reviewed by this assessment

They do not represent any specific well

— Note: Values for Marcellus Shale are specific to the Susquenhanna
River Basin, except for the produced water volumes

— The longest-term measurement available was from the West
Virginia portion of the Marcellus Shale.
ort
‘ <
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Flaring

1.60 0%
1.40
1.2
1.00
0.80
0.60
0.40
0.20
0.00

BCF/D

- MINNEAPOLIS-STPAUL

3 mmSold mmFlared ===Percent Flared
. CHICAGO

This Is a big number

© NASA
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Energy Water Nexus

Figure 3. Population and Electricity Generation Projections, 2010 to 2030

Table |. Energy Trends Produce Water Use Trends

Energy Trend

Resulting Trend in Energy’s Warer Use

Shift from foreign oil to biofuels

Shift to shale gas
Source: EIA. Supplemental Tabies, Updoted Annual Energy Outiook 2009 Reference Case with ARRA, Wash.. DC, Growth in domestic electriciy
April 2008, httpJ//www.eia.doe.gov/oi; fs C s a.htm): and U.S. Census Bureau, US.
Popuiation Projections. March 2004, EIA did not include Alaska and Hawaii. dernand

Shift to renewable electricicy

Use of carbon mitigation mezsures

Increases energy’s water consumption if domesoc agricultural irrigation
wiater (and other inputs) is needed for fuel production.

Matural gas development using hydraulic fracturing may raise water
quantity concerns if well development iz geographically concentrated in
areas with water constraints. However, natural gas from fracturing
consumes less LS. freshwater than domestic ethanco! or onshore oil.

More water used for electricity generation; how much more depends on
horw the electricity i produced (2 g. smaller quantitias nesded
elactricity demands are met with wind and photovolic solar, larger
quanitities if met with fossil fusls or certain renewable sources).

Concentrating solar power technologies can use more water o produce
elactricity than coal or natural gas; these solar facilities are likely wo be
concentrated in water-constrained areas. Technologies are available to
reduce this water use. Oither renewable technologies, such as
photovoltaic solar and wind, use little water.

Carbon capure and sequestration may double water consumption for
fossil fusl electric generation.

Source: CRS.

Figure source: EPRI, A Survey of Water Use and Sustainabifity in the United States with o Focus on Power Generation,
Topical Report, Nov. 2003. EPRI's analysis did not include Alaska and Hawaii.
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CO2
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“Busted”

— The world pumped 36.1 Gt of carbon dioxide into the air last year by
burning coal, oil and gas.

— That is 0.706 Gt or 2.3 per cent more than the previous year, despite
increasingly urgent warnings over the need to curb greenhouse gases

Data;: CDIAC/GCP/PCC/Fuss et ai 2014

L RCP8.5

100 Scenario categories .

1 - 3.2-5.4°
s >1000 ppm COzeq relative to

3 ~ 720-1000 ppm 1850-1900

2 2> 80 580-720 ppm

g§ 480-580 ppm =

S = ws 430-480 ppm

e (5 i

. == 60

25 RCP6

2 E 40 2.0-3.7°C

C ..

S 8

273

£ ®©

g B—=—— RCP4.5

Historical emissions

-20 - . v . ’ —~
1980 2000 2020 2040 2060 2080 2100
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The window for action is rapidly closing

65% of our carbon budget compatible with a 2°C goal already used

We don’t hear much about
this number

Total Carbon
Budget:

2900
GtCO2

Amount Used
1870-2011:

1900
GtCO2

AR5 WGI SPM

base IPCC @) ¢
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(A) Risks from climate change... (B) ...depend on cumulative CO, emissions...

| | %
Figure SPM.10, = T35
A reader’s guide I
- - - e s e 530-580
From climate change risks to 1 (Fh

GHG emissions 1, I

|
I
ul

|
w

]
1 I
=
Global mean temperature change
(°C relative to preindustrial levels)

o i .. : :
[  observed 20004 | This 1s the “Science Bit”
1

& O & & & 0 1000 2000 3000 4000 5000 6000 7000 8000

2
@q‘f’\%\é@ ,\\6\ ‘z-'\@k \'S*Q:& Cumulative total antbropogenic C0, emissions from 1870 (GtCO,)
x& 1
& & 6@0 <L »\@? i
& é& & 0();; < 100 I
v & F o L 53 I
¥ < ¥ & S e 1
T2, ® O 83 I
Ny P ==
52 01 <ca 1
oo 2 8 1 1
. N 7o 1 580-720
Level of additional '~ o E S
risk due to climate Se o be i ; :".i.‘f*?.”......................................n?.shﬂnﬂ?.t?.'at.ixe.!?..2.919..
change (see box 2.4) g = = § 1
. c g 7=
Very high TR T R T %‘j
High 'ég o g 430-480
5 c
|
b Se Moderate S = 400 A
o a e Undetectable

(C) ...which in turn depend on annual
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Worldwide CO, Emissions (million metric tonnes)

base

(Million metric tons carbon dioxide)

World carbon dioxide emissions by region, IEO2011 Reference case

Growth Rate
Region/Country 2005 2008 2011 2015 2020 2025 2030 2035 (2008-2035)
OECD
OECD Americas 7079 6926 6665 6773 6924 7169 7431 7772 0.31%
United States 5996 5838 2601 5680 5777 5938 6108 6311 0.17%
Canada 620 595 570 569 582 608 635 679 0.30%
Mexico/Chile 463 493 494 524 565 623 688 782 1.76%
OECD Europe 4400 4345 4097 4115 4147 4156 4198 4257 -0.11%
OECD Asia 2172 2201 2112 2143 2181 2224 2253 2294 0.18%
Japan 1241 1215 1114 1125 1142 1136 1110 1087 -0.44%
South Korea 494 522 539 553 562 597 634 678 1.06%
Australia/New Zealand 437 464 458 466 477 492 509 528 0.63%
Total OECD 13651 13472 12873 13031 13252 13549 13882 14323 0.16%
Non-OECD
Non-OECD Europe and Eurasia 2782 2832 2787 2803 2767 2782 2863 2964 0.21%
Russia 1645 1663 1651 1648 1607 1603 1659 1747 0.20%
Other 1137 1169 1136 1154 1159 1179 1204 1217 0.23%
Non-OECD Asia 8359 10100 11916 13238 14475 16475 18238 19688 2.90%
China 5513 6801 8381 9386 10128 11492 12626 13441 3.02%
India 1182 1462 1633 1802 2056 2398 2728 3036 3.19%
Other 1665 1838 1901 2050 2291 2585 2884 3211 2.21%
Middle East 1400 1581 1743 1889 2019 2199 2435 2659 2.16%
Africa 978 1078 1137 1209 1311 1430 1568 1735 1.93%
Central and South America 1011 1128 1184 1287 1386 1497 1654 1852 2.04%
Brazil 365 423 468 528 579 644 739 874 - 2.959==""]
Other 646 705 716 759 807 853 _9;(‘; —=a73" T 1.39%
Total Non-OECD 14530 16718 18766 20426 2_19_58_ 24383~ 26758 28897 2.32%
———— —
Total World 28181 30190 33457 35210 37932 40640 43220 1.44%

__->316Gt

Actual through 2011

e
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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?

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

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

China 180

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

scenario. L RS § I'eduCtIOI’l Of
4.7 Gt from 2005
Global pledges
40 gigatons « | value of 6.0Gt
2009 If countries make good (5 996)
31 gigatons Emission reductions on their pledges to 90 50 .
emitted that could come from reduce emissions, the
efficiency gains and projected trajectory is India »
increased use of low- much less steep. Mod- :
122:: carbon fuels els suggest a long-term — 53 38.5% Of 4.7 Gt
global temperature rise wil . Q. *
CCS target: . 24
25 glwans. of 4°C. requires a “fair

2030

share” reduction of
1.8-2.0 Gt from

IEA's
1990 CCS target: -
22 gigatons 1.9 gigatons Target fossil fuel
e 16 gigatons PowerGen
Models associate this
trajectory with a long-
term global temperature
Global CO, emissions and three rise no higher than 2 °C. To a level of 0.5Gt
projections for the future That has been a long-
standing goal in climate
Source: International Energy Agency 3y
change negotiations.
'a0 ‘00 10 20 '30 40 '50
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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 “JResidential
\
\
. _
1,000 Trqrjsportanon
B Resouces
\
\
Ownowouwowo .
ScS822338 EETEEEEY “
NN ANANNNNNN ﬁﬁﬁﬁﬁﬁmwﬁ "

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

My number for Electricity Production is 500 (0.5 Gt)
if everyone pulls their fair share
b ase o 2°/450 ppm number is 1300 (1.3 Gt), not 3000 (3.0 Gt)

“Practical Strategies for Emerging Energy Technologies”



New & Advanced Technologies Neede

50 For Global 50% CO2 Reduction Scenario (Blue, IEA ETP 2010);

B Geothermal
45 B Cleaner high eff. Coal advanced
B Wind Power advanced
40 M Smart grids
CH4, H2 & fuel cell
O 35 Electric & Plug-in advanced
8 B 2nd gen biofuels
e 39 New/Advanced m Solar advanced
"6 €02 Technology Nuclear power advanced
4;-'.; 95 B CCS Power Generation
-_'D:D B CCS Industrial
s B Cleaner high eff. Coal
8 20 - B Other end use efficiency
8 o vehicles electric & plug-in
o 1 Existing B Natural gas combined cycle
Technoloqy/Energy  Solar power
10 Hficiency B wind power
nuclear power
5 B Enhance industrial efficiency
B Enhance vehicle efficiency
0 ® Enhance building efficiency

IEA Blue Map (2010)

® b aS e e Source: DOE SCO2 Conference 2014, as presented by EPA
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The China-U.S. — 2014 CO2 Emissions Agreement

Carbon emissions from energy consumption
Billions of metric tons 4 China's pledge

Plan to have carbon
8 dioxi a ol

ioxide emissions

peak “around 2030"

6
UNITED STATES
A .
'&‘a["‘j" FURQF.)E»W" s T "
\ ot .
4 &
Mr. Obama's
pledge to China
2 Would cut
'RUSSIA " emissions by 26
JAPAN : 2 percent to 28 Targets pledged by A
e percent from 2005 | Mr. Obama in
s levels by 2025 2009 U.N. accord.
INDIA
1980 1990 2000 2010 2020 2030 2040 2050

New York Times

China agreed to peak CO2 emission by 2030
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U.S. Energy Related CO2 Emissions — Million tonnes

Reference case Annuz
Sector and soarcs 2[?;;_'?1”
2M2 M3 2020 225 2030 2035 40 |proent)
Resldentlal
Petralewsn ... . a1 &4 50 45 41 3r 33 -2.4%
Matural gas .. 225 267 2458 241 240 235 229 -0.6%
Elecinchy’ ... 75T 773 Ta1 TE1 Tra TTE 779 D.0%
Total resbdentlal . 1.044 1108 1.057 1,047 1051 1,048 1,042 -0.2%
Commerzial
Petnlewn .... . 4 41 44 42 42 4 41 01%
Matural gas - . 157 17E 175 178 132 158 197 D.4%
Coal ... 4 4 5 5 ] ] 4 0.5%
EEG’.FGIT!." . 73 742 755 772 733 301 12 0.3%
Tofal commearcial ... 333 368 T3 234 1,016 1,037 1,057 0.3%
Induatrial®
Fetnalewn . 345 350 410 425 424 424 423 0.5%
Matural gas™. 447 462 312 523 539 545 563 0.7%
Coal 142 143 150 148 144 138 138 -0.1%
EEC’.FCIT}." 543 531 586 615 B13 601 502 D.4%
Total Industrial .. 1478 1,488 1.658 1,711 1.713 1,714 1,723 0.5%
Transportaticn
Petralewm® ... 1,774 1,782 1.752 1,701 1,652 1,547 1,631 0.3%
Matural gas®. 41 43 4 53 L 7 B39 2.2%
Electnchy’....... 4 2 5 g 5 E 9 2.0%

Total transportation 1.813 1,845 1.808 1,753 1.727 1,722 1.728 -0.2%
Elgciric powsr®
Petmalewm . . 19 23 13 13 13 13 13 -2 1%

442 41z 441 473 4597 0.5%
1,575 1.670 1,687 1,674 1.664 D.2%
12 12 12 12 12 12 D.0%
2,053 2107 2,153 2177 2,186 2,135 0.2%

2,035

Total by fusi 38.0% - L 39.1%

h PEAROIBUM® o] 2,240 2272 2269 2227 2482 2,163 2,47 |-0.2%

5,272 million tonnes - 1398 1394 1432 1457 1538 1,585 | 05%
=5.272 Gt

1,722 1,824 1,840 1,622 1,808 1,504 0.2%
= 5.272 billion tonnes

12 12 12 12 12 : 0.0%
5405 5493 5511 5514 5521 5543 D nam
Carbon digxlde semisslons

b aS e [FENE PEr PEIBOMN] oo 16.8 171 165 153 15.4 14.5 148 -0.6%
® e
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CO2 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

19490 2005 2008 2009 fuel combustion, 1990-2009
Estimated emissions indiece, 2000 = 100
{million metric tons) 18310 24180 23737 21603 120
Change from 1990 110 Power sector sales
{million metric tons) 585.8 27 3283
{percent) 320% 29.6%  18.0% 100
Average annual change o0 Power secior losses
from 1990 (percent) 1.9% 1.5% 0.9%
Change from 2005 80
{million metric tons) 431 -258.5
{ipercent) 1.8%  -10.6% ™ ac0 yees 2000 o005 20m8
Change from 2008
{million metric tons) -213.4
{percent) -9.0%
Table 12. U.S. carbon dioxide emissions from electric power sector energy consumption, 1990-2009 “"‘
(million metric tons carbon dioxide) ““'
Fuel 1990 1995 2000 2003 2004 2005 2006 2007 2{‘)011"‘ 2009
Petroleum “"“
Residual fuel oil 0.6 446 65.6 635 60.3 8a.1 8.4 :3;1».3"‘ 12.9 14.3
Diistillate fuel oil 71 T8 128 11.8 B 54 5.4 ”"" 8.5 53 a1
Petroleumn coke = | B2 10.1 17.8 227 244 ‘21’.?3‘ 175 157 14.2
Petroleurn subtotal 104.8 BO.T 91.5 98 1 1001 023 “"‘ 856 553 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 = e ~-&E1_.T. 3823 ar2e
Municipal solid waste® 5.8 10.0 10.1 14 11.2 112 11.5 1.3 ---ﬁ3'~~4lﬁ_
Geothermal 0.4 03 04 0.4 0.4 o4 0.4 04 0.4 0.4
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.

38.5%
from
<7 Fossil Fuel
PowerGen

2,302.9 total
in 2005
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EIA Energy Related CO2 Foreast

“High Water Mark”
as basis for goal

base,

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

Ref. Case is
“Business as Usual”

8.250 History 2013 Projections
5.000 ,r“".,.,ﬂ . . High Economic 'E-r-:-'.'.'.l'h
! High Oil and Gas Resou
‘\‘/ : ]|| Low Oil Price
1
3.750 : Feference
|
5,500 ; |
: b High Oul Price
1
5 260 i
1
i Low Economic Growth
5,000 i
1
e )
1
D |} II L] 1 L] 1 1
2000 2005 2013 2020 2025 2030 2035 2040
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U.S. Emissions from Electric Power

— Carbon dioxide (CO2) emissions associated with
electricity generation have fallen from the 2005 level

— They are projected to increase in the coming decades,

based on analysis in EIA's Annual Energy Outlook
2015
— AEQ2015 that reflects current laws and regulations,

and therefore does not include proposed rules such as

the U.S. Environmental Protection Agency's Clean
Power Plan.

— Power sector emissions in the United States are
subject to federal regulation under the Clean Air Act

— In June 2014, the EPA proposed the Clean Power Plan
(CPP) to regulate CO2 emissions from existing power

plants.

— The CPP specifies intensity rate targets for existing
fossil fuel-fired electric generating units operating or
under construction as of early 2014, with the stated

aim of reducing carbon emissions in the power sector

by 2030.
30% from 2005 levels

by 2030 = 1691.8)

—

The two new EPA regulations

—NSPS 2014

—2014 Clean Power Plan

Do not mention Climate Change,
nor the notion of a target, let
alone a target of 2C/450 ppm

2,500

2,250

2.000

1,740

1,500

i
0

Carbon dioxide emissions from the electric power sector, 2000-2040
million metric tons

Histoy o L Proecdiils e ———

This looks like 10%
(from the historical high)

2000

2005 2010 2015 2020 2025 2030 2035

High Economic
Growth

- Teeferemee= = =

Low Economic
Growth

2040

- 2400
-2200

Source: EIASTEO ZUI5
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http://www.eia.gov/forecasts/aeo/
http://www.eia.gov/forecasts/aeo/
http://www2.epa.gov/carbon-pollution-standards/clean-power-plan-proposed-rule

PowerGen Fuel Mix Reference Case — 2040

Natural gas- and coal-fired electricity generation, Reference case (1995-2040)

)
billion kilowatthours Cld
3,000 :
history | projection Unfortunately...
2,500 :

— 1,600 billion kwWh of gas &

— 1,600 billion kWh of coal yields

| — ~2.2Gt of CO2.

1 5E = m === m == W e — — At 38.5% PowerGen contribution,

' the U.S. would be at 5.7Gt in total

— This is the virtually the same level
as 2005.

coal - total

2.000 natural gas - total

natural gas - power sector

199 2000 2005 2010 2015 2020 2025 2030 2035 2040

CCS with some combination of nuclear is the only way

we can get to a level of 1.3Gt

— 38.5% of 1.3Gt for PowerGen is a budget of 0.5Gt

— Areduction of 1.7Gt from PowerGen

— We would have to capture 80% of the CO2 from all
gas- and coal-fired power plant to reach this level.

base,
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Clean Power Plan Policy Extension

Carbon dioxide emissions from the electric power sector, 1980-2040 =

million metric tons

00 2013

history |

2,500

1,000

500

projections

t

|

| Reference case
2,000 ;

} Base Policy
1500 |

el

Policy extension

mary results for AEDZ015 Reference case and Clean Power Plan cases, selected years

F i L] 203 2020 20E0 2040

90 9N AN 20 AN NN 204 REDH PP CPPECT CPPNLIC AED P (mﬂb — AED PP (I'LH"EI.’T) e
ELECTRI. GENERATION [hilliam KWwh] N —
Caal 2013 1,588 1,70 1,340 1,334 1,357 1,713 1,153 1,101 1,165 1,702 1,278 Bti 1,308
Matuiral Gas Tel 1,118 1.117 1,382 1.3549 1,371 1,371 1429 1484 1,401 1,589 1458 1,560 1,400
Pt Do TE2 TE9 R 80 B a0g RS RIE ana S 233 A1 E11 52
Hydra 2T0 2ET 292 295 25 295 295 299 293 Faa 297 300 301 195
Wilind 18 158 232 T3 313 350 245 56X 575 a8 319 B E12 B4
Solas i 149 L5 8 &l B &l k| 14& 151 113 110 75 o e iTi
L L TS R &0 Th 10 114 112 114 145 145 148 138 183 178 184 156
AL e i i 142 a7 43 41 41 41 43 40 &0 A 43 41 EL ] 41
Towal 4,055 & 070 4,351 4,308 4,308 &£.311 4,691 4,584 4588 4.5Re 5,058 £942 4,903 4,948
ELECTRI. GENERATION CAPACITY [GW)
Caal 313 304 2E3 17 210 2 2ED 2 200 14 25D 20 197 214
Pl i v | s 5Ol 442 470 477 490 491 490 519 Ei& L% 4] L¥ ] 585 57 S gTa
it ldar 1040 a9 101 101 10 101 10 101 101 113 105 iR 102 121
Hydra TR Fa a0 &0 a0 &0 i) gi E1 Al O g1 Al Al
WWilnd g &1 a3 104 114 @9 ar 192 193 188 110 20 i e
Solas ] 13 i 32 32X 32 39 il 77 51 6l 136 14E A7
bt ranmaalblis 12 15 iT o Bl iE 18 20 23 23 22 X4 26 28 25
(& 1T x4 x5 35 2B 25 ] 36 35 4 6 ZE 35 2B 2B
Towal 9TH 1,5 1079 1,05 1074 1,08 1,133 1,238 1,335 1,215 1,361 1,365 1,43% 1,337
ELECTRICITY -RELATED CARBON DIOXIDE EPFISSIONS (milllan metrie tons)
Pawsr sacLor 2418 X.053 2107 1,814 1,794 1,85 2 195

base,
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2005 2013 2020 2030 2040
AED CPP AED CPP AED CPP AED CrP AED CPP AED CPP
HOGR HOGHE HEG HEG HOGR  HOGR HEG HEG HOGR HOGH HEG HEG
ELECTRIC GEMERATION (billion KWHhH)
Coal 2,013 1,586 1,443 1,212 1,733 1,415 1,441 808 1,733 1,233 1,440 410 1,744 1,421
Matural Gas 761 1,118 1. 450 1,610 1,204 1,377 1,832 2,002 1.573% 1,422 2. 200 2,439 1,705 1475
Muclear 782 7RG E04 ad4 204 204 B8 808 818 BOR BDE 208 911 BE3
Hydro 270 2E67 289 204 294 305 290 205 297 305 o0 205 298 I0E
‘Wind 18 168 229 263 2413 315 232 407 301 E34 P | 412 4E9 725
Solar 1 13 51 50 52 T 65 ES &0 247 55 106 160 420
Other renewables 5] TE 107 110 106 117 146 18 158 161 175 145 222 07
il ather 142 47 44 41 43 42 42 39 43 41 42 40 43 42
Total 4,055 4,070 4. 417 4,392 4,480 4 445 4,854 4,753 5.00% 4012 E.274 5. 154 5.574 5461
ELECTRIC GEMNERATION CAPACITY [GW)
Coal 3113 304 245 201 265 230 242 173 263 2213 242 173 264 223
Matural gas f il 4432 470 497 516 490 497 5713 &7 564 5S40 674 o4 657 G629
Muclear 1040 b 1] 101 101 101 101 101 101 103% 102 101 101 115 109
Hydro 78 79 5 g0 i B2 15 B0 &0 a2 7o BO Bl 2%
Wind ] &1 82 o7 a7 115 a3 142 105 £ 24 144 165 245
Solar (4] 13 27 a2 28 18 L 45 44 121 48 58 B2 200
Other renewalbles 12 15 17 18 18 19 20 21 23 26 22 23 32 31
Orthaer 24 25 26 26 26 gl 26 Pl 26 26 26 i i 26
Total S7e 1,065 1,075 1.070 1,094 1,108 1,155 1,196 1,207 1,335 1,275 1,309 1,422 1,546
ELECTRICITY -RELATED CARBOMN DIOXIDE BpAISSI0MS imillion metric tons)
Power sector 2416 2,053 1,973 1,785 2 165 1,886 1,727 2,179 1,701 | 2,266 1,827
— Reference (AEO) There is no mention of Climate Change in the report
— Base Policy (CPP) and. ..
— Policy with High Oil & Gas Resource (CPPHOGR) There is no mention of CO2 concentration. ..
Let alone a target of 2C/450 ppm!

plants to operate at a higher utilization rate which rises from a low of 60% in 2024 to 71% in 2040.”

b a S e Page 18; Para (4) “.....and static CPP targets in the post-2030 period in the CPP case allow existing coal-fired
. €
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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  Costin 2013 Contingency Optimism Cost in 20137 o&m” O&M in 2013 Heatrate
Technology Year' {Mw) (years) (2012 5/kw) Factor’ Factor® (2012 $/kw) (2012 5/MWh) (20125/kW-yr.} (Btu/kWh) (Btu/kwh)
Scrubbed Coal New 2017 1300 4 2,734 1.07 1.00 2925 447 3118 8,800 8,740
Integrated Coal-Gasification
Comhb Cycle (IGCC) 2017 1200 4 3,525 1.07 1.00 3,771 7:22 51.39 3,700 7450
IGCC with carbon
sequestration 2017 520 4 5958 1.07 1.03 6,567 8.45 7284 10,700 8307
Conv Gas/Oil Comb Cycle 2016 620 3 871 1.05 1.00 915 3.60 13.17 7,050 6,800
Adv Gas/Oil 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 a5 2 924 1.05 1.00 971 15.45 734 10,817 10,450
Adv Comb Turbine 2015 210 2z 641 1.05 1.00 673 10.37 704 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 10,464 10,464
Distributed Generation - Base 2016 2 3 1414 1.05 1.00 1,485 7.76 17.45 9,027 8,900
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 3,919 526 105.64 13,500 13,500
Geothermal™® 2016 50 4 2,375 1.05 1.00 2,494 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 4,503 110 125 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
Photovoltaic”*’ 2015 150 2 3,394 1.05 1.00 3,564 0.00 24.69 9,716 9,716

AEO 2014 Early Release

ase,

“Practical Strategies for Emerging Energy Technologies”



The Big Picture: World Industrial Power Prices
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