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Basic Comparisons

China USA India Japan Germany Russia
Population - July 2014 est 1,379,302,771 326,525,791 1,281,935,911 126,451,398 80,594,017 142,257,519
Population Growth Rate 0.41% 0.81% 1.17% -0.21% -0.16% -0.08%
Area - km® 9,596,960 9,826,675 3,287,263 377,915 357,022 17,098,242
GDP - Purchasing Power Parity (Strillion) 23.1 194 9.4 5.4 4.2 4.0
Installed Generating Capacity GW 1,646 1,074 309 322 204 264
% of World at 6301GW 26% 17% 5% 5% 3% 4%
Electric Production TWh 42 4 1,289 976 559 1,008
Electric Consumption TWh 5,920 3,911 1,048 934 515 890
Aggregate Load Factor 42.6% 43.5% 47.6% 34.6% 31.3% 43.6%
Natural Gas Production - BCM 138.4 766.2 31.2 4.5 8.7 598.6
Natural Gas Consumption - BCM 210.3 773.2 102.3 123.6 79.2 418.9
Refined Petroleum Products Production - mmbbl/d 10.9 20.1 4.8 35 2.2 6.2
Refined Petroleum Products Consumption - mmbbl/d 11.8 19.7 4.1 4.0 2.4 3.6
Coal Production - Million Tonnes Oil Equivalent 1827.0 455.2 283.9 0.7 429 184.5
Coal Consumption - Million Tonnes Oil Equivalent 1920.4 396.3 407.2 119.4 78.3 88.7
Source: CIA World Factbook

. ] ] CIA World Factbook
World Total Installed Electrical Generating Capacity 6301GW

b ase PS... .Total Value of Outstanding Student Loans - $1.2 trillion
® e U.S. health care cost 2014 - $3.3 trillion

“Practical Strategies for Emerging Energy Technologies” U.S. Household Debt 2017 - $13.2 trillion




Primary Energy Consumption by Fuel - Mtoe

U.S. = 91.86 Quads

Primary Energy: Consumption by fuel*

2016 2017
Million tonnes oil equivalent Oil Natural Coal Nuclear Hydro Renew- Oil Natural Coal Nuclear Hydro Renew- Percent of
Gas energy  electric ables Total Gas energy  electric ables Total [2017 Total
us 907.6 645.1 340.6 191.9 59.7 83.1 22280 913.3 635.8 332.1 191.7 67.1 948 22349 16.5%
Canada 107.0 94.1 18.9 21.8 87.6 9.6 339.0 108.6 99.5 18.6 21.9 89.8 10.3 348.7 2.6%
Mexico 90.1 79.0 12.4 2.4 6.9 4.1 194.9 86.8 75.3 13.1 25 7.2 4.4 189.3 1.4%
Total North America 1104.6 818.2 371.9 216.1 154.2 96.8  2761.9] 1108.6 810.7 363.8 216.1 164.1 109.5 27728 20.5%
Brazil 135.7 324 15.9 3.6 86.2 19.1 293.0 135.6 33.0 16.5 3.6 83.6 22.2 294.4 2.2%
Total S. & Cent. America 320.8 150.6 34.9 5.5 156.4 28.6 696.8 318.8 149.1 32.7 5.0 162.3 32.6 700.6 5.2%
France 79.2 38.3 8.2 91.2 13.6 8.4 238.9 79.7 385 9.1 90.1 111 9.4 237.9 1.8%
Germany 117.3 73.0 75.8 19.2 4.6 38.3 328.2 119.8 775 71.3 17.2 4.5 44.8 335.1 2.5%
ltaly 59.8 58.5 11.0 - 9.6 14.8 153.8 60.6 62.0 9.8 - 8.2 15.5 156.0 1.2%
Spain 64.2 25.0 105 13.3 8.2 154 136.7 64.8 275 134 131 4.2 15.7 138.8 1.0%
Turkey 47.1 38.2 38.5 - 15.2 54 144.4 48.8 44.4 44.6 - 13.2 6.6 157.7 1.2%
United Kingdom 76.3 69.6 11.2 16.2 12 17.6 192.2 76.3 67.7 9.0 15.9 13 21.0 191.3 1.4%
Total Europe 719.3 434.7 295.1 195.2 146.1 144.2  1934.6 731.2 457.2 296.4 192.5 130.4 161.8  1969.5 14.6%
Russian Federation 152.5 361.3 89.2 445 41.8 0.3 689.6 153.0 365.2 92.3 46.0 415 0.3 698.3 5.2%
Total CIS 202.8 492.6 156.2 63.3 56.3 0.8 972.0 203.4 494.1 157.0 65.9 56.7 0.9 978.0 7.2%
Iran 80.7 173.1 0.9 15 35 0.1 259.8 84.6 184.4 0.9 1.6 3.7 0.1 275.4 2.0%
Saudi Arabia 173.8 90.6 0.1 - - " 264.5 172.4 95.8 0.1 - - " 268.3 2.0%
United Arab Emirates 45.7 62.3 15 - - 0.1 109.6 45.0 62.1 1.6 - - 0.1 108.7 0.8%
Total Middle East 416.0 437.6 9.1 1.5 4.6 1.0 869.7 420.0 461.3 8.5 1.6 4.5 1.4 897.2 6.6%
South Africa 28.7 4.0 84.7 3.6 0.2 1.8 123.0 28.8 3.9 82.2 3.6 0.2 2.0 120.6 0.9%
Total Africa 192.6 114.5 94.9 3.6 27.1 5.2 438.0 196.3 121.9 93.1 3.6 29.1 5.5 449.5 3.3%
Australia 50.5 35.9 43.6 - 4.0 54 139.5 52.4 36.0 42.3 - 31 5.7 1394 __1.0%
China 587.2 180.1  1889.1 48.3 261.0 81.7 3047.2 608.4 206.7 1892.6 56.2 261.5 106.7 3132.< 23.2%
India 217.1 43.7 405.6 8.6 29.0 18.3 722.3 222.1 46.6 424.0 8.5 30.7 21.8 753.7 .6%
Indonesia 74.2 32.9 53.4 - 4.4 2.6 167.4 77.3 33.7 57.2 - 4.2 2.9 175.2 1.3%
Japan 191.4 100.1 118.8 4.0 18.1 18.8 451.2 188.3 100.7 120.5 6.6 17.9 22.4 456.4 3.4%
South Korea 128.9 41.0 81.9 36.7 0.6 31 292.2 129.3 42.4 86.3 33.6 0.7 3.6 295.9 2.2%
Taiw an 48.6 17.2 38.6 7.2 15 1.0 114.0 49.2 19.1 39.4 51 12 12 115.1 0.9%
Thailand 62.1 435 17.7 - 0.8 2.8 126.9 63.9 43.1 18.3 - 11 34 129.7 1.0%
Total Asia Pacific 1601.1 625.1  2744.0 106.0 368.5 140.8  5585.5| 1643.4 661.8  2780.0 111.7 371.6 175.1 5743.6 42.5%
Total World 4557.3 3706.0 591.2 132585 4621.9
34.4%  23.2%  28.0% 4.5% 6.9% 3.1% 100.0%  34.2%  23.4%  27.6% 4.4% 6.8% 3.6% 100.0%| 100.0%

13,511.2 Mtoe = 555.4 Quads
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10 Trends Shaping the Power Industry - US

© 0o N Ok e

Focus on resilience

Wholesale pricing reforms

States act on carbon, fuel mix
Environment regulations in flux
Pipeline politics heat up

Gas generation continues to rise
Renewable energy faces speed bumps

2017 was a whirlwind for the electric power sector.

The utility industry saw the death of two utility mega-projects, jaw-
dropping prices for renewable energy and storage and a federal
subsidy proposal that threatened to “blow up” the wholesale power
markets.

And that was just the second half of the year.

2018 promises to be no different. From EPA speeding through a
Clean Power Plan replacement to FERC's "truncated" resilience
docket and the first federal pipeline policy review since 1999, the
sector's plate is full even before state and local issues come into play.

Storage becomes a mature power resource

DERSs prove their system worth

10. State regulators push PBR — and the utility model begins to change
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https://www.eenews.net/stories/1060058301
https://www.utilitydive.com/news/xcel-solicitation-returns-incredible-renewable-energy-storage-bids/514287/
https://www.utilitydive.com/news/how-does-baseload-power-rule-would-blow-the-market-up/506269/
https://www.politico.com/story/2018/01/05/epa-climate-rule-2018-327113
https://www.utilitydive.com/news/chatterjee-under-no-illusion-that-ferc-resilience-docket-will-end-after-9/514851/
https://www.utilitydive.com/news/ferc-announces-pipeline-review-cyber-fast-start-reforms-in-mcintyres-fir/513659/

BP 2018 Primary Energy Demand by Fuel & Region
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Energy mix by region {:}
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Fuel Mix Changes

Changes 2016-2040%
by fuel and region

Mtoe
-400  -200 0 200 400 600 800
‘china [ Renewables
India Coal
China [ Gas
Other Asia Coal
Middle East Gas
China = Nuclear
India Qil
us | Renewables
India Renewables
EU Renewables
Oil
Coal
Qil
Coal
Coal
tTen largest increases and five largest declines
2018 BP Energy Outlook
© BP p.l.c. 2018
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Climate Change
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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!

It puts everything in context Amount

emaining:

1000
GtCO2

Total Carbon
Budget:

2900
GtCO2

Amount Used
1870-2011:

1900
GtCO2

AR5 WGI SPM

base IDCC
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EIA Annual Energy Outlook 2018

The Carbon Capture
Conundrum

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

X
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Current trajectory
58 gigatons
This projection assumes
that essentially no
Agtion is taken 1o

ess climate change.
Mode\s predict a long-
term glhgitemperaiure
rise of & in such a
scenario. \\

\
\

Global pledges %
40 gigatons \

If countries make good \\

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

Target

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

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

China 18.0
120
B0 50

Bl 50 \\
\
EIA 2017 International AN
Energy Outlook AN
U.S. w/CPP 5.072 Gt AN

EIA 2018 International
Energy Outlook

U.S. w/o CPP 5.554 Gt

U.S.w/ CPP 5.013 Gt
U.S.w/o CPP 5.279 Gt
High Growth 5.815 Gt
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EIA Annual Energy Outlook 2018 — US portion 1,300

Energy-Related Carbon Dioxide Emissions by Sector and Source (MMmt)

Growth

2016 2020 2025 2030 2035 2040 2045 2050 (2017-2050)
High economic growth 5174 5207 5138 5170 5225 5372 5568 5814 0.40%
Low oil price 5174 5170 5163 5156 5165 5234 5365 5521 0.20%
High economic growth with Clean Power Plan 5174 5204 5041 4927 4943 5057 5234 5424 0.20%
High oil and gas resource and technology 5174 5132 4999 5014 5020 5069 5152 _5307—_ 0.10%
[Reference case 5174 5187 5079 5053 5024 5080 5159 ( 5279 ) 0.10% |
Low oil and gas resource and technology 5174 5300 5114 4984 4954 4968 5030 S5383— 0.00%
High oil price 5174 5141 4926 4937 4950 4950 4987 5061, -0.10%
[Reference case with Clean Power Plan 5174 5179 4997 4840 4822 4852 4915 \ 5013 ) -0.10% |
Low economic growth 5174 5110 4919 4856 4780 4743 4728 3747 -0.20%
Low economic growth with Clean Power Plan 5174 5115 4861 4697 4611 4586 4561 4562 -0.40%
|cPP Impact Ref Case 0 24 43 87 121 205 319 266 Not much
|Energy-ReIated Carbon Dioxide Emissions Intensity by Sector and Source (MMmtCO2/capita) |
Reference case 16.0 15.5 14.7 14.1 13.6 134 13.3 13.3 -0.50%
Reference case with Clean Power Plan 16.0 15.5 14.4 13.5 13.0 12.8 12.6 12.6 -0.70%
Real Gross Domestic Product (Shillion)
Reference case 16716 18335 20221 22421 24802 27356 30204 33205 2.00%
Reference case with Clean Power Plan 16716 18319 20195 22380 24775 27341 30177 33161 2.00%
|Popu|ation (millions)
Reference case 323.7 333.8 346.6 358.6 369.5 379.4 388.6 397.5 0.60%
Reference case with Clean Power Plan 323.7 333.8 346.6 358.6 369.5 379.4 388.6 397.5 0.60%
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Coal has to capture, Gas does not, and makes Nuc and CCS costly,
both of which we need

Coal-to-Gas Shift — nature.com

6.4
6.2 I o 2., o2l - “....We conclude that substitution of gas for coal has had a
+1.0% .—-w% relatively minor role in the emissions reduction of U.S. CO,
6.0 > & emissions since 2007.”
Q g 1 -7.1% PR
= 58 £ 3 e ~~e
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Figure 3 | Contributions of different factors to the decline in US CO; emissions 2007-2009 and 2009-2011 and 2011-2013. Between 2007 and 2009,
decreases in the volume of goods and services consumed during the economic recession (red) was the primary contributor to the nearly 10% drop in
emissions. But between 2009 and 2011, consumption (consump.) volume rebounded, population grew and the energy intensity of output increased, driving
up emissions by 1.3% against modest decreases in the carbon intensity of the fuel mix and shifts in production structure and consumption patterns.
Between 2011 and 2013, increases in population and consumption volume again pushed emissions upward, but overall emissions decreased by 2.1% due to
further changes in production {prod.) structure, consumption patterns, decreasing use of coal and decreases in energy intensity of output. Mot shown here,
emissions increased by 1.7% between 2012 and 2013, driven primarily by increases in consumption volume.

“The new EPA Clean Power Plan is largely built on fuel switching and renewables deployment”
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http://www.nature.com/ncomms/2015/150721/ncomms8714/full/ncomms8714.html

US - 45Q Tax Credit (Price on Carbon)

- The 45Q CCUS tax credit was originally passed in 2008 and provided $10/metric ton for CO, used for EOR and
$20/metric ton for CO, injected into saline storage

- The reformed 45Q tax credit provides:
- $35/metric ton CO2 for beneficial use, including EOR
- $50/metric ton CO2 for saline aquifer storage
- 12-year window for receiving tax credits
- Construction must begin by Jan 1, 2024
- Minimum capture rate: 500,000 metric tons per year for power plants and 100,000 tpy for industry.
- Transferrable, which means that non-profits such as cooperatives can use the tax credit.

- Not all power companies pay enough in taxes to directly use the tax credits that would be generated.

- Due to the recent US tax legislation, overall national and corporate tax rates are lower, resulting in fewer
opportunities use and/or monetize the 45Q credits.

- Providing new, tangible examples that CCUS is real and provides substantial emission reductions from multiple
industries.

- These projects may result in the states, US federal government, and possibly even inter-governmental (for
example, the US and Canada) developing standards for CO, storage monitoring, verification, and well-closure
rules. This would represent a major advancement for CCUS.

- They will lead to real infrastructure investments, including pipelines, which is especially important for
CO, transport.

Holly Krutka
Peabody Energy
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Oil
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Crude Oil Consumption —

98.2 MMbbl/d

Oil: Consumption*

Grow th rate per annum  Share
Thousand barrels daily 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2017 2006-16 2017
us 20680 19490 18771 19180 18882 18490 18961 19106 19531 19687 19880 1.0% -0.5% 20.2%
Canada 2342 2297 2174 2306 2381 2342 2383 2399 2348 2401 2428 1.2% 0.5% 2.5%
Mexico 2089 2080 2021 2040 2065 2083 2034 1960 1939 1977 1910 -3.4% -0.2% 1.9%
Total North America 25111 23868 22967 23526 23329 22915 23379 23465 23818 24065 24219 0.6% -0.4% 24.7%
Brazil 2308 2481 2498 2716 2839 2915 3124 3242 3181 3013 3017 0.1% 3.4% 3.1%
Total S. & Cent. America 5742 6032 6006 6334 6570 6742 6987 7058 7021 6811 6794 -0.2% 2.2% 6.9%
France 1911 1889 1822 1763 1730 1676 1664 1616 1615 1600 1615 1.0% -1.9% 1.6%
Germany 2380 2502 2409 2445 2369 2356 2408 2348 2340 2378 2447 2.9% -0.9% 2.5%
ltaly 1740 1661 1563 1532 1475 1346 1260 1184 1222 1228 1247 1.6% -3.7% 1.3%
Spain 1613 1558 1473 1446 1378 1291 1195 1191 1237 1280 1293 1.1% -2.2% 1.3%
United Kingdom 1752 1720 1646 1623 1590 1533 1518 1518 1561 1592 1598 0.3% -1.3% 1.6%
Total Europe 16356 16227 15537 15418 14975 14443 14263 14049 14413 14696 14980 1.9% -1.2% 15.3%
Russian Federation 2780 2861 2775 2878 3074 3119 3135 3301 3162 3193 3224 1.0% 1.5% 3.3%
Total CIS 3844 3900 3768 3834 4118 4206 4176 4323 4162 4243 4282 0.9% 1.1% 4.4%
Iran 1838 1925 1919 1791 1826 1849 2011 1953 1766 1722 1816 5.4% -0.4% 1.8%
Saudi Arabia 2407 2622 2914 3206 3294 3461 3451 3753 3875 3939 3918 -0.5% 5.6% 4.0%
Total Middle East 6970 7385 7724 7973 8271 8595 8870 9032 9029 9161 9290 1.4% 3.1% 9.5%
Total Africa 3040 3201 3325 3482 3388 3569 3724 3785 3877 3950 4047 2.5% 3.1% 4.1%
Australia 935 944 950 957 1001 1025 1034 1046 1030 1041 1079 3.6% 1.1% 1.1%
China 7808 7941 8278 9436 9796 10230 10734 11209 11986 12302 12799 4.0% 52% 13.0%
India 2941 3077 3237 3319 3488 3685 3727 3849 4164 4560 4690 2.9% 5.2% 4.8%
Indonesia 1318 1287 1317 1411 1589 1640 1663 1681 1564 1580 1652 4.5% 2.4% 1.7%
Japan 5013 4847 4390 4442 4442 4702 4516 4303 4151 4031 3988 -1.1% -2.5% 4.1%
Singapore 921 973 1049 1157 1208 1202 1225 1268 1338 1381 1430 3.5% 5.0% 1.5%
South Korea 2399 2308 2339 2370 2394 2458 2455 2454 2577 2771 2796 0.9% 1.8% 2.8%
Taiw an 1110 1005 1020 1045 983 983 1010 1040 1037 1043 1051 0.8% -0.1% 1.1%
Thailand 1030 1018 1076 1122 1185 1250 1299 1310 1354 1377 1423 3.4% 3.3% 1.4%
Total Asia Pacific 26041 25901 26260 27967 28911 30038 30689 31274 32521 33562 34574 3.0% 2.9% 35.2%

Total World

base,

87105

86515

85587

89561

90509

92088

92986

94843

+1,698 MMbbl/d

Source: BP Statistical Review of World Energy 2018

1.2%

100.0%
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Crude OIil Production

— 92.6 MMbbl/d

Oil: Production*

Grow th rate per annum Share

Thousand barrels daily 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2017 2006-16 2017
us 6860 6784 7263 7549 7859 8904 10071 11768 12750 12366 13057 5.6% 6.1% 14.1%
Canada 3290 3207 3202 3332 3515 3740 4000 4271 4389 4470 4831 8.1% 3.4% 5.2%
Mexico 3479 3165 2978 2959 2940 2911 2875 2784 2587 2456 2224 -9.4% -4.0% 2.4%
Total North America 13628 13156 13444 13841 14314 15555 16946 18823 19726 19292 20112 4.3% 35%  21.7%
Brazil 1831 1897 2029 2137 2179 2145 2110 2341 2525 2608 2734 4.8% 3.7% 3.0%
Colombia 531 588 671 786 915 944 1004 990 1006 886 851 -3.9% 5.3% 0.9%
Venezuela 3237 3228 3038 2842 2755 2704 2680 2692 2631 2387 2110 -11.6% -3.3% 2.3%
Total S. & Cent. America 7344 7439 7385 7410 7449 7373 7403 7663 7759 7418 7182 -3.2% -0.1% 7.8%
Norw ay 2551 2466 2349 2137 2039 1917 1838 1889 1946 1995 1969 -1.3% -3.2% 2.1%
United Kingdom 1651 1549 1469 1356 1112 946 864 852 963 1013 999 -1.3% -4.8% 1.1%
Total Europe 5032 4790 4539 4198 3835 3523 3356 3390 3538 3566 3519 -1.3% -3.9% 3.8%
Azerbaijan 876 916 1027 1037 932 882 888 861 851 838 795 -5.1% 2.6% 0.9%
Kazakhstan 1415 1485 1609 1676 1684 1664 1737 1710 1695 1655 1835 10.8% 1.9% 2.0%
Russian Federation 10062 9969 10157 10383 10538 10660 10809 10860 11009 11269 11257 -0.1% 14%  12.2%
Total CIS 12795 12825 13232 13502 13557 13609 13834 13830 13966 14162 14288 0.9% 1.4%  15.4%
Iran 4359 4421 4292 4430 4472 3820 3617 3724 3862 4602 4982 8.2% 0.7% 5.4%
Iraq 2143 2428 2446 2469 2773 3079 3103 3239 3986 4423 4520 2.2% 8.3% 4.9%
Kuw ait 2660 2784 2499 2560 2913 3169 3129 3101 3065 3145 3025 -3.8% 1.4% 3.3%
Oman 710 757 813 865 885 918 942 943 981 1004 971 -3.4% 3.1% 1.0%
Qatar 1267 1438 1421 1638 1834 1939 2002 1985 1958 1970 1916 -2.7% 4.7% 2.1%
Saudi Arabia 10268 10663 9663 10075 11144 11635 11393 11505 11994 12402 11951 -3.6% 15%  12.9%
United Arab Emirates 3094 3113 2783 2915 3285 3430 3543 3599 3873 4020 3935 -2.1% 2.5% 4.2%
Total Middle East 25440 26517 24818 25834 28082 28523 28194 28496 30023 31849 31597 -0.8% 21%  34.1%
Algeria 1992 1969 1775 1689 1642 1537 1485 1589 1558 1577 1540 -2.3% -2.2% 1.7%
Angola 1656 1876 1754 1812 1670 1734 1748 1668 1772 1755 1674 -4.6% 2.3% 1.8%
Egypt 698 715 730 725 714 715 710 714 726 691 660 -4.5% 0.2% 0.7%
Libya 1820 1820 1652 1659 479 1509 989 498 432 426 865 102.9% -13.5% 0.9%
Nigeria 2208 2174 2212 2534 2463 2413 2280 2278 2204 1903 1988 4.5% -2.2% 2.1%
Total Africa 10139 10263 9838 10104 8494 9264 8580 8191 8130 7687 8072 5.0% -2.5% 8.7%
China 3742 3814 3805 4077 4074 4155 4216 4246 4309 3999 3846 -3.8% 0.8% 4.2%
India 768 803 816 882 916 906 906 887 876 856 865 1.1% 1.2% 0.9%
Indonesia 972 1006 994 1003 952 918 882 852 841 882 949 7.6% -1.4% 1.0%
Malaysia 730 731 691 726 660 662 626 650 698 704 697 -1.0% 0.1% 0.8%
Total Asia Pacific 7951 8076 8028 8436 8296 8382 8257 8327 8405 8050 7879 -2.1% 0.2% 8.5%
Total World 82330 83067 81284 83325 84027 86229 86570 88721 91547 92023 92649 0.7% 1.1% 100.0%
of w hich: OECD 19136 18426 18436 18534 18566 19487 20626 22571 23571 23139 23901 3.3% 1.8%  25.8%
35835 37029 34596 35665 36478 38034 37004 36945 38362 39601 39436 -0.4% 0.9%  42.6%

Source: BP Statistical Review of World Energy 2018
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Crude Oil Prices - $/bbl
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World Oil Supply/Demand Balance, MMbpd

Selected world oil prices, USS/bbl
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Iran Deal Effect

— HOUSTON, May 9 (Reuters) - U.S. shale producers will not boost output to offset any global oil
squeeze after President Donald Trump abandoned the Iran nuclear deal, one of the industry’s
most prominent executives said on Wednesday.

— The withdrawal, alongside Trump’s decision to impose the “highest level” of sanctions on Iran,
sent Brent and U.S. benchmark oil prices up more than 3 percent on Wednesday.

— Iran, the third-largest oil producer in the Organization of the Petroleum Exporting Countries,
pumps 3.8 million barrels per day (bpd).

— U.S. shale producers, which in the past year have increased output by nearly 2 million bpd, to
about 7 million bpd, are not likely to act to fill that void should Iranian exports slip, said Mark
Papa, chief executive of Centennial Resource Development Inc.

— “l don’t think it’s going to change what U.S. producers do at all,” Papa told Reuters in Houston
after a meeting with the board of directors of national oil company Saudi Aramco, which is
holding a regularly scheduled gathering this week in Houston.

— Many U.S. shale producers have set their 2018 spending budgets and are wary of boosting
spending to pump more as their shareholders call for higher dividends and share buybacks.
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WTI Crude May 25, 2018

13:54 pm CDT 25/05/2018

WTI Crude
6/.79 -4.13%

== $72

https://oilprice.com/oil-price-charts

base,

The oil price rebound reflects not only tighter
market conditions, as strong demand and
OPEC cuts have succeeded in drawing down
excess inventories, but also heightened
geopolitical risks.

These include:

- The possibility of renewed oil supply disruptions
in Libya and Nigeria;

- Rapidly falling oil production in Venezuela;

- Recent missile strikes against Syria and missile
attacks from Yemen targeting cities and oil
facilities in Saudi Arabia;

- Upcoming elections in Iraq;

- The prospect that President Trump may cancel
the Iran nuclear deal in mid-May;

- Not to mention fears of a trade war.

JASON BORDOFF, OPINION CONTRIBUTOR — 04/25/18

“Practical Strategies for Emerging Energy Technologies”




Natural Gas
Supply and Demand Balancing
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Natural Gas Production — 3680.4BCM

Natural Gas: Production*

Grow th rate per annum Share
Billion cubic metres 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2017 2006-16 2017
usS 521.9 546.1 557.6 575.2 617.4 649.1 655.7 704.7 740.3 729.3 734.5 1.0% 3.8% 20.0%
Canada 174.7 166.5 155.0 149.6 151.1 150.3 151.9 159.1 160.9 171.6 176.3 3.0% -0.4% 4.8%
Total North America 743.4 759.8 765.2 775.9 820.5 850.3 860.1 915.1 949.2 944.6 951.5 1.0% 2.6% 25.9%
Argentina 43.6 42.8 40.3 39.0 37.7 36.7 34.6 34.5 355 37.3 37.1 -0.1% -1.8% 1.0%
Trinidad & Tobago 41.0 40.8 42.4 43.5 41.9 415 41.7 40.9 38.5 335 33.8 1.2% -1.5% 0.9%
Venezuela 37.2 334 31.8 30.5 30.2 31.9 30.6 31.8 36.1 38.0 374 -1.3% 0.9% 1.0%
Total S. & Cent. America 160.7 161.5 156.3 163.8 167.5 173.8 176.9 179.1 180.9 178.8 179.0 0.4% 1.4% 4.9%
Netherlands 63.3 69.6 65.6 73.8 67.1 66.8 71.8 60.6 45.4 42.0 36.6 -12.6% -4.2% 1.0%
Norw ay 89.6 99.4 103.6 106.4 100.5 113.9 107.9 108.0 116.2 115.8 123.2 6.7% 2.8% 3.3%
United Kingdom 75.5 72.8 61.2 57.9 46.1 39.2 37.0 37.4 40.7 41.8 41.9 0.6% -6.7% 1.1%
Total Europe 287.6 299.0 283.5 289.5 262.9 266.5 259.4 246.7 241.7 238.6 241.9 1.7% -2.3% 6.6%
Russian Federation 601.6 611.5 536.2 598.4 616.8 601.9 614.5 591.2 584.4 589.3 635.6 8.2% -0.3% 17.3%
Turkmenistan 68.4 69.1 38.0 44.3 62.3 65.1 65.2 70.2 72.8 66.9 62.0 -7.1% 0.6% 1.7%
Uzbekistan 60.9 60.4 58.1 56.9 53.9 53.9 53.9 54.2 54.6 53.1 53.4 0.8% -1.1% 1.5%
Total CIS 777.4 795.7 687.8 755.9 788.9 777.1 792.8 776.1 771.6 769.8 815.5 6.2% + 22.2%
Iran 123.1 128.9 141.6 150.1 157.5 163.7 164.3 183.1 191.4 203.2 223.9 10.5% 6.3% 6.1%
Qatar 65.4 79.7 92.4 123.9 150.4 162.5 167.7 169.1 175.2 177.0 175.7 -0.5% 12.9% 4.8%
Saudi Arabia 70.7 76.4 74.5 83.3 87.6 94.4 95.0 97.3 99.2 105.3 1114 6.1% 4.2% 3.0%
United Arab Emirates 49.0 49.0 47.6 50.0 51.0 52.9 53.2 52.9 58.7 59.6 60.4 1.8% 2.3% 1.6%
Total Middle East 367.7 397.6 419.6 481.6 526.4 552.2 569.1 589.9 608.4 630.8 659.9 4.9% 6.5% 17.9%
Algeria 81.6 82.6 76.6 77.4 79.6 78.4 79.3 80.2 81.4 91.4 91.2 0.1% 1.2% 2.5%
Egypt 53.6 56.8 60.3 59.0 59.1 58.6 54.0 47.0 42.6 40.3 49.0 22.1% -2.6% 1.3%
Nigeria 35.0 344 24.7 355 38.6 41.1 344 42.8 47.6 42.6 47.2 11.0% 4.3% 1.3%
Total Africa 197.4 205.5 192.8 206.1 202.6 207.8 198.3 200.6 203.6 207.0 225.0 9.0% 1.1% 6.1%
Australia 42.8 41.7 46.7 54.0 55.7 59.5 61.8 66.6 76.0 96.4 1135 18.0% 9.0% 3.1%
China 69.8 80.9 85.9 96.5 106.2 1115 121.8 131.2 135.7 137.9 149.2 8.5% 8.9% 4.1%
Indonesia 72.6 74.8 78.0 87.0 82.7 78.3 77.6 76.4 76.2 70.7 68.0 -3.6% -0.6% 1.8%
Malaysia 67.6 69.2 66.9 67.6 67.0 69.3 72.9 72.0 73.9 75.6 78.4 4.1% 1.0% 2.1%
Total Asia Pacific 407.1 426.4 4475 496.5 500.1 509.4 519.6 539.4 564.0 580.3 607.5 5.0% 4.0% 16.5%

Total World 2941.3 30454 2952.8 3169.3 3269.0 3337.1 3376.2 3446.9 3519.4 3549.8 2.2%
—

®

“Practical Strategies for Emerging Energy Technologies” Source: BP Statistical Review of World Energy 2018



Natural Gas Demand - 3670.4 BCM

Natural Gas: Consumption*

Grow th rate per annum Share
Billion cubic metres 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2017 2006-16 2017
us 624.1 628.9 617.6 648.2 658.2 688.1 707.0 7223 743.6 750.3 739.5 -1.2% 2.5% 20.1%
Canada 90.9 89.3 86.6 88.7 95.6 92.8 98.0 103.2 102.9 109.5 115.7 6.0% 2.5% 3.2%
Mexico 57.0 60.0 65.2 66.0 70.8 73.7 78.5 80.1 78.0 91.8 87.6 -4.4% 4.7% 2.4%
Total North America 772.1 778.2 769.4 803.0 824.6 854.6 883.6 905.6 924.5 951.6 942.8 -0.7% 2.7% 25.7%
Argentina 42.7 43.2 41.0 42.2 44.0 45.7 45.8 46.2 46.7 48.3 48.5 0.5% 1.7% 1.3%
Brazil 22.2 26.1 21.0 28.0 28.0 33.1 39.0 413 43.7 37.7 38.3 1.9% 5.8% 1.0%
Venezuela 37.3 35.1 33.2 32.2 32.6 34.0 32.9 32.9 36.5 38.3 37.6 -1.5% 0.9% 1.0%
Total S. & Cent. America 143.1 143.5 136.6 150.1 153.1 162.2 168.7 172.2 178.6 175.1 173.4 -0.7% 2.3% 4.7%
France 44.7 46.4 44.7 49.6 43.0 445 45.2 379 40.8 44.6 447 0.7% -0.3% 1.2%
Germany 88.6 89.5 84.4 88.1 80.9 81.1 85.0 73.9 77.0 84.9 90.2 6.5% -0.8% 2.5%
ltaly 815 81.4 74.9 79.7 74.8 71.9 67.2 59.4 64.8 68.0 72.1 6.3% -1.7% 2.0%
Netherlands 38.6 40.3 40.7 45.6 39.8 37.7 38.2 333 32.9 345 36.1 4.7% -1.4% 1.0%
Turkey 33.9 35.3 33.7 35.8 41.8 43.3 44.0 46.6 46.0 44.4 51.7 16.6% 4.3% 1.4%
United Kingdom 95.3 97.9 91.2 98.5 81.9 76.9 76.3 70.1 71.8 81.0 78.8 -2.4% -1.5% 2.1%
Total Europe 550.7 563.1 527.9 567.7 523.3 512.3 506.2 458.9 475.8 505.6 531.7 5.5% -0.9% 14.5%
Russian Federation 428.8 422.7 399.5 422.6 435.6 429.6 423.0 423.6 409.6 420.2 424.8 1.4% . 11.6%
Uzbekistan 48.0 50.9 41.7 42.7 441 43.7 43.3 45.3 48.6 41.6 41.6 0.3% -0.5% 1.1%
Total CIS 609.9 605.4 551.8 588.7 606.2 600.5 583.1 582.7 568.4 572.9 574.6 0.6% -0.4% 15.7%
Iran 123.6 131.2 140.6 150.6 159.8 159.1 160.4 180.9 191.9 201.4 214.4 6.8% 6.2% 5.8%
Qatar 24.0 19.3 19.6 24.7 27.3 33.7 35.0 38.8 44.1 43.1 47.4 10.3% 8.3% 1.3%
Saudi Arabia 70.7 76.4 74.5 83.3 87.6 94.4 95.0 97.3 99.2 105.3 1114 6.1% 4.2% 3.0%
United Arab Emirates 47.9 58.0 57.6 59.3 61.6 63.9 64.4 63.4 71.0 725 72.2 -0.2% 5.5% 2.0%
Total Middle East 315.8 341.0 351.3 385.6 403.6 417.6 429.0 455.0 487.2 508.9 536.5 5.7% 5.9% 14.6%
Algeria 23.4 24.4 26.2 25.3 26.8 29.9 32.1 36.1 37.9 38.6 38.9 1.0% 5.4% 1.1%
Egypt 36.9 39.3 40.9 43.4 47.8 50.6 49.5 46.2 46.0 49.4 56.0 13.7% 3.5% 1.5%
Total Africa 94.6 98.6 97.2 102.5 108.3 116.2 116.6 122.1 129.6 133.2 141.8 6.8% 4.3% 3.9%
Australia 29.0 285 29.1 338 35.3 354 37.2 40.1 42.1 41.7 41.9 0.6% 4.9% 1.1%
China 711 81.9 90.2 108.9 135.2 150.9 171.9 188.4 194.7 209.4 240.4 15.1% 13.7% 6.6%
India 38.8 40.0 48.3 59.5 61.3 56.7 49.8 49.6 46.4 50.8 54.2 6.9% 3.5% 1.5%
Indonesia 34.6 39.7 421 44.0 42.7 42.9 414 415 41.0 38.3 39.2 2.6% 0.3% 1.1%
Japan 94.4 98.1 91.5 98.9 110.4 122.4 122.3 120.5 118.7 116.4 117.1 0.8% 2.9% 3.2%
Malaysia 40.4 435 40.0 39.8 38.3 42.0 44.6 44.7 43.9 41.9 42.8 2.4% 0.5% 1.2%
Pakistan 33.8 34.6 34.7 35.3 35.3 36.6 35.6 35.0 36.5 38.3 40.7 6.7% 1.4% 1.1%
South Korea 36.3 37.3 355 45.0 48.4 52.5 55.0 50.0 45.6 47.6 49.4 3.9% 3.6% 1.3%
Thailand 35.2 36.9 38.1 43.2 44.3 48.6 48.9 49.9 51.0 50.6 50.1 -0.7% 4.4% 1.4%
Total Asia Pacific 472.0 502.3 513.5 578.3 621.9 663.6 684.3 702.2 710.1 727.0 769.6 6.2% 5.2% 21.0%

e *

® e Total World . 29478 31759 3241.0 3327.1 33715 3398.7 34742 35742
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Natural Gas Reserves & R/P — 2017

Natural gas
Total proved reserves at end 1997 at end 2007 at end 2016 at end 2017
Trillion Trillion Trillion Trillion Trillion
cubic cubic cubic cubic cubic Share RIP
metres metres metres metres feet of total ratio
us 4.5 6.4 8.7 8.7 308.5 4.5% 11.9
Canada 17 1.6 2.0 1.9 66.5 1.0% 10.7
Total North America 8.0 8.4 10.9 10.8 381.9 5.6% 11.4
Venezuela 4.6 54 6.4 6.4 225.0 3.3% 170.2
Total S. & Cent. America 6.6 7.8 8.3 8.2 290.3 4.2% 45.9
Norw ay 1.2 2.3 1.8 1.7 60.6 0.9% 13.9
Total Europe 4.9 5.0 3.0 3.0 104.5 1.5% 12.2
Azerbaijan 0.7 1.0 1.3 13 46.6 0.7% 74.4
Kazakhstan 1.5 15 11 11 40.4 0.6% 42.2
Russian Federation 33.6 33.9 34.8 35.0 1234.9 18.1% 55.0
Turkmenistan 2.6 2.6 19.5 19.5 688.1 10.1% 314.1
Ukraine 0.7 0.8 11 11 371 0.5% 54.0
Uzbekistan 1.2 1.3 1.2 1.2 42.7 0.6% 22.7
Total CIS 40.3 41.2 59.0 59.2 2091.1 30.6% 72.6
Iran 22.7 27.7 33.2 33.2 1173.0 17.2% 148.4
Iraq 3.0 3.0 3.5 3.5 123.9 1.8% 337.7
Kuw ait 1.4 1.7 1.7 1.7 59.9 0.9% 97.6
Qatar 8.8 26.4 249 249 879.9 12.9% 141.8
Saudi Arabia 5.6 6.9 8.0 8.0 283.8 4.2% 721
United Arab Emirates 5.9 6.3 5.9 5.9 209.7 3.1% 98.2
Total Middle East 48.6 73.6 78.8 79.1 2794.2 40.9% 119.9
Algeria 3.9 4.3 4.3 4.3 153.1 2.2% 47.5
Egypt 0.9 2.0 1.8 1.8 62.8 0.9% 36.3
Libya 12 15 1.4 14 50.5 0.7% 124.0
Nigeria 3.3 5.0 5.2 5.2 183.7 2.7% 110.2
Other Africa 0.8 1.2 11 11 37.8 0.6% 41.1
Total Africa 10.2 14.0 13.8 13.8 487.8 7.1% 61.4
Australia 1.2 1.8 3.6 3.6 128.3 1.9% 32.0
China 1.2 2.3 55 55 193.5 2.8% 36.7
India 0.7 1.0 1.2 12 43.8 0.6% 43.6
Indonesia 2.2 3.0 29 2.9 102.9 1.5% 42.9
Malaysia 2.2 2.4 2.7 2.7 96.6 1.4% 349
Myanmar 0.3 0.5 1.2 1.2 41.3 0.6% 65.0
Total Asia Pacific 9.4 13.6 19.2 19.3 681.8 10.0% 31.8
Total World 128.1 163.5 193.1 193.5 6831.7 100.0% 52.6
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Natural Gas Prices — March 2013

LNG LANDED PRICES: MARCH 2013* FiG.

Demand:

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

China

— Demand Growth
— Oil-price-linked formula

Europe

— Concern over Russian dependency
anereir — Oil-price-linked formula

GBah:ilaB%lgnca ' — UK declining indigenous supply

= AUSTRALIA

*Estimated $/MMbtu. Revised Feb. 7, 2013, =
Sourse: FERC; Marked Oversight, Waterbame Eneegy Inc:, Houston

S u p p Iy - U8 covmc B et s i Significant

UK NEP

North America B regional price

— Significant shale resource differences exist

— Significant associated gas production S
Australia & East Africa /_f ~
— Project cost/timing uncertainties ——
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World LNG Estimated Landed Prices January 2018

- ™

&) Bahia Blanca

LS Bty

Source: Waterbome Energy, Inc. Data in $US/MMBtu.
Maote: Includes information and Data supplied by IHS Global Inc. and its affiliates (THS"); Copyright (publication year) all rights s
reserved. Prices are the monihly average of the weekly landed prices for the listed month. Landed prices are based on a netback Updated: Feb-18
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Natural Gas Prices $/mmBtu
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Oil & Natural Gas Prices

e ) (e e (§ e e e e L e (3 em

Assumptions about the size of U.S. resources and the improvement in
technology affect domestic oil and natural gas prices—

Morth Sea Brent oil price Henry Hub natural gas price
2017 dollars per barrel 2017 dollars per million Biu
2017 2017
i - 10, . - —
history | projections history | projections Low Oil and Gas
9 Resource and
Technology
Feference
Low Oil Price
4
23— High Oil and Gas
Resource and
2 Technology
1
ﬂ I T 1 H I T 1
2010 2030 2060 20 2030 2060
P
U.5. Enerzy Information A dorimstration #FAEO2018 | wwweiagowaso I;"‘ng.-"':l
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EIA AEO2018 Natural Gas Consumption

Natural gas supply assumptions that affect prices result m significant
changes m natural gas consumption—

U.S. natural gas consumption by sector

trillion cubic feet Low Oil and Gas Resource ang High Oil and Gas Resource and
Reference Technology Technology
2017 2017 El]1 T

42 TCF
1190 BCM

27 TCF
765 BCM

31 | ﬂmer{tlmmtam |
0 mrrmama mﬂenhal] |
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Coal
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Coal Production — 3768.6 Mtoe

Coal: Production*

Grow th rate per annum Share
Million tonnes oil equivalent 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2017 2006-16 2017
us 558.3 566.9 513.7 523.7 528.3 491.9 475.8 482.3 426.9 348.3 3713 6.9% -4.7% 9.9%
Canada 35.7 35.6 331 354 355 355 36.1 35.9 323 31.8 311 -2.0% -0.9% 0.8%
Total North America 601.3 609.4 552.9 566.4 573.1 534.9 519.1 525.5 466.1 386.2 407.9 5.9% -4.4% 10.8%
Colombia 48.0 50.5 50.0 51.1 58.9 61.2 58.7 60.8 58.8 62.2 61.4 -0.9% 3.2% 1.6%
Total S. & Cent. America 55.9 57.5 55.1 55.7 63.6 65.9 65.0 67.8 64.4 67.8 66.8 -1.3% 2.4% 1.8%
Czech Republic 23.8 22.8 20.9 20.8 21.0 20.3 17.8 17.0 17.1 16.1 15.4 -3.8% -3.9% 0.4%
Germany 54.4 50.1 46.4 45.9 46.7 47.8 45.1 44.1 42.8 39.8 39.6 -0.3% -2.9% 1.0%
Poland 62.5 60.9 56.4 55.4 55.7 57.8 57.2 54.0 53.0 52.1 49.6 -4.4% -2.6% 1.3%
Turkey 14.8 16.7 17.4 17.5 17.9 17.0 15.5 16.4 12.8 155 20.8 34.8% 1.6% 0.6%
Total Europe 216.6 211.0 200.1 197.4 201.4 199.2 187.5 179.0 171.2 161.3 164.6 2.3% -3.1% 4.4%
Kazakhstan 42.2 47.9 43.4 475 49.8 51.6 51.4 48.9 46.2 443 47.9 8.5% 0.7% 1.3%
Russian Federation 143.5 149.0 141.7 151.0 157.6 168.3 173.1 176.6 186.4 194.0 206.3 6.7% 3.2% 5.5%
Ukraine 34.0 34.4 31.8 31.8 36.3 38.0 36.6 25.9 16.4 17.1 14.4 -15.6% -7.1% 0.4%
Total CIS 221.5 233.0 218.8 232.0 245.7 260.3 263.5 254.0 251.5 258.1 271.8 5.6% 1.6% 7.2%
Total Middle East 1.1 1.0 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.8 0.8 - -2.9% +
South Africa 138.4 141.0 139.7 144.1 143.2 146.6 145.3 148.2 142.9 1424 143.0 0.7% 0.3% 3.8%
Total Africa 140.5 142.7 141.5 146.8 146.0 151.9 152.4 157.7 151.6 149.6 154.5 3.6% 0.6% 4.1%
Australia 227.0 234.2 2425 250.6 245.1 265.9 285.8 305.9 306.4 307.7 297.4 -3.1% 3.4% 7.9%
China 1439.3 14918 15379 1665.3 1851.7 18735 1894.6 1864.2 1825.6 1691.4 1747.2 3.6% 2.4% 46.4%
India 210.3 227.5 246.0 252.4 250.8 255.0 255.7 269.5 281.0 284.9 294.2 3.5% 3.7% 7.8%
Indonesia 127.8 141.6 151.0 162.1 208.2 227.4 279.7 269.9 272.0 268.8 271.6 1.3% 8.9% 7.2%
Mongolia 4.8 5.2 8.2 15.2 19.9 17.9 18.0 15.2 14.3 215 30.3 41.4% 18.2% 0.8%
Vietnam 23.8 22.3 24.7 251 26.1 23.6 23.0 23.0 233 21.6 21.3 -0.9% -0.1% 0.6%
Total Asia Pacific 2065.5 2156.2 2240.5 2402.6 2636.0 2697.0 2790.6 27817 2756.7 2639.6 2702.3 2.7% 3.2% 71.7%

3302.4 3410.8 3978.9 3966.4 3663.5 1.5%

Calorific equivalents

One tonne of oil equivalent equals approximately:

3 tonnes of lignite

base Sold fuets L5 tonnes of hard coa Production is ~70% bituminous/30% Lignite
= e
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EIA AEO2018 Impact of Clean Power Plan

Coal-fired electricity generation remains at a higher level in the
Reference case than in the Clean Power Plan case—

Met electricity generation from select fuels
billion kilowatthours 2017

2300 history ' projection

2000 - natural gas

1500

1000
500 nuclear
| S . ; ; ~petroleum
19490 2000 2010 2020 2030 2040 2080
Reference case — — — - Reference with Clean Power Plan
1.5, Enerzy Information A doyimistration #FAEO2018 www.eia.govaso I‘“-,.ﬂg..-"'l
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Coal - Regional Consumption - Mtoe

China gets most of its coal from Indonesia and Australia.
The tighter regulations on coal consumption and imports could mean India may be
able to surpass China as the world's largest coal importer in 2015.

Production by region Consumption by region
Asia Pacific 4500 4500
m Africa
= Middle East
m CIS 4000 4000
m Europe _
m S. & Cent. America
m North America 3500 . 3500
China
3000 alone IS 3000
2500 1893 Mtoe — w0
_ (50.7%) |
2000 2000
1500 1500
1000 B 1000
500 500
02 07 12 17 0 0
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Coal Prices

W Northwest Europe marker price 200
M US Central Appalachian coal spot price index
Japan steam spot CIF price

® China Qinhuangdao spot price Average Heat Content of Coal
-19.62 Btu/short ton
-21.63 Btu/tonne
Asian Mark Prices $75 = $3.50/mmBtu

N
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Coal Reserves to Production Ratio - 2017

YEARS

400 m North America 700
m S. & Cent. America
m Europe
350 — mCIS
= Middle East & Africa 600
Asia Pacific
= World
300
500
250 _/\
400
200

300
150

0 o N

North S, & Cent. Europe CIS Middle East Asia 0 97 02 07 12 17 0
America America & Africa Pacific
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Coal Reserves to Production Ratio - 2017

Coal:
Total proved reserves at end 2017

Anthracite Sub-bituminous
Million tonnes and bituminous and lignite Total Share of Total R/P ratio
us 220800 30116 250916 24.2% 357
Canada 4346 2236 6582 0.6% 111
Total North America 226306 32403 258709 25.0% 335
Brazil 1547 5049 6596 0.6% *
Colombia 4881 - 4881 0.5% 55
Total S. & Cent. America 8943 5073 14016 1.4% 141
Germany 8 36100 36108 3.5% 206
Poland 19808 6003 25811 2.5% 203
Serbia 402 7112 7514 0.7% 188
Turkey 378 10975 11353 1.1% 115
Total Europe 24220 76185 100405 9.7% 159
Kazakhstan 25605 - 25605 2.5% 230
Russian Federation 69634 90730 160364 15.5% 391
Ukraine 32039 2336 34375 3.3% *
Total CIS 130162 93066 223228 21.6% 397
South Africa 9893 - 9893 1.0% 39
Total Middle East & Africa 14354 66 14420 1.4% 53
Australia 68310 76508 144818 14.0% 301
China 130851 7968 138819 13.4% 39
India 92786 4942 97728 9.4% 136
Indonesia 15068 7530 22598 2.2% 49
New Zealand 825 6750 7575 0.7% *
Total Asia Pacific 314325 109909 424234 41.0% 79

Total World 718310 316702 1035012 100.0% There’s a lot of it

®b aS ee except in China!

“Practical Strategies for Emerging Energy Technologies” o
Source: BP Statistical Review of World Energy 2018



Nuclear
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Nuclear Power Growth

Virtually all of the growth 1n nuclear power will occur in the non-OECD
regions; China accounts for 61% of world nuclear capacity growth

world installed nuclear capacity by region
gigawatts

OECD Europe

m 2012

OECD Ameri
ericas = 2040

OECD Asia

MNon-OECD Europe/Eurasia

China
India

Other non-OECD Asia

Rest of world

0 40 80 120 160

"::‘} Adam Sieminski, Center for Strategic and Intemational Studies
Cla’ | May 11, 2016
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Abandoned Nuclear Plants

; NEW YORK
‘ﬂWN? iy 2 Al . Sterling
| Rochester
. Jamesport]
| 1,2
. aseabmok
Shoreham
| Midland NEW JERSEY
[ /r”“ =1GW
% COMPLETE S
B 0% to 25% +
3 TENNESSEE
S— - ; B 26% to 50% . 4\ Shearon Harris 2, 3, 4
Owners” decisions last year to abandon two under-construction reactor units isn't unprecedented. Over the short course of = L ﬂPhipps Bend 1
nuclear power’s history in the U.S., more than 100 reactors (of about 230 projects scrutinized by the Nuclear Regulatory l51 felobogs Fasinis Yellow Creek FRITHERRCLINA
Commission [NRC] and its predecessor the Atomic Energy Commission) have been canceled—nearly half of which had B 76% to 100% 53} E?’“A‘g”"' e
already begun construction. Many had been faced with increasing uncertainties concerning low forecasted load; construc- 31 B2 Coan e
tion financing constraints and reversals; state certification hurdles; and challenges to nuclear profitability posed by the Gulf 2
i i i i 3 Bellefonte V.C. Summer
growing share of coal plants at the time. The graphic below offers a sampling of projects that have been abandoned. For 1,2 2,3
more detail, see a supplement associated with this infographic at www.powermag.com. Note: All dollar figures are from the
corresponding year. Source: NRC
—Copy and artwork by Sonal Patel, a POWER associate editor
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1. 1977—Surry 3 and 4 (each 882 MW): Virginia Electric & Power Co.
(VEPCO) had invested $53 million in the project and had contracts for
another $93 million when the units were abandoned.

2. 1980—North Anna 4 (907 MW): VEPCO had spent $485 million to
build Unit 3 (abandoned two years later) and 4.

3. 1980—S5terling Rochester (1.2 GW): Sterling Rochester Gas & Electric
Corp. recovered $129 million associated with the project.
4.1980—Jamesport 1 and 2 (1.2 GW): Long Island Lighting recovered
abandonment costs of about $120 million.

5. 1980—Forked River 1 (1.1 GW): Abandonment cost Jersey Central
Power & Light $414 million.

6. 1981—Callaway 2 (1.2 GW): Abandonment cost Union Electric Co. $70
million.

7. 1981—Hope Creek 2 (1.1 GW): 19% complete, abandonment cost
Public Service Electric & Gas $419 million.

8. 1981—Bailly 1 (645 MW): Abandonment cost Northern Indiana Public
Service $191 million.

9. 1981—Shearon Harris 3 and 4 (900 MW each): Abandonment cost
Carolina Power & Light $187 million. Unit 2 was scrapped in 1983.

10. 1982—Washington Nuclear 4 and 5 (1.2 GW each): Unit 4 was 26%
complete and Unit 5 17% complete when Energy Northwest's predecessor
Washington Public Power Supply System (WPPSS) halted construction.
Abandonment of the two units alone forced the company to default on $2.2
billion in municipal bonds. Units 1 and 3 were scrapped in 1995.

11. 1982—Phipps Bend 1 and 2 (1.2 GW each): The decision cost
Tennessee Valley Authority (TVA) $1.2 billion.

12. 1982 —Hartsville B1 and B2 (1.2 GW each): The decision cost TVA
$718 million.

13. 1982—Cherokee 2 and 3 (1.3 GW): Duke Power, which also scrapped
Unit 1 in 1983, paid $63 million for its decision.

14, 1984—Yellow Creek 1 and 2 (1.3 GW each): TVA estimated Yellow
Creek would have cost $10 billion to build.

15. 1984—Hartsville A1 and A2 (1.2 GW each): TVA said the preject
would have cost $6.5 billion to complete.

16. 1984—Zimmer 1 (810 MW): Cincinnati Gas & Electric Co. chese to
convert Zimmer to a coal plant when the project was 97% complete and
had so far cost $1.6 billion.

17. 1985—Marble Hill 1 and 2 (each 1.1 6W): Public Service of
Indiana, stricken with a cash emergency, had already spent $2.5 billion.
18. 1986—Midland 1 (492 MW) and 2 (818 MW): Consumers Power Co.
had spent $4 billion when it abandoned the project.

19. 1988—Bellefonte 1 and 2 (1.2 GW each): TVA had invested $6
billion in the project.

20. 1988—S5eabrook 2 (1.2 GW): Public Service Co. of New Hampshire
had spent $800 million on the project.

21. 1989—Shoreham (820 MW): While fully complete, Shoreham Long
Island Lighting Co. never produced commercial power from the project
owing to state opposition. Costs for the project escalated from an original
estimate of $75 million to $6 billion, including decommissioning costs.
22. 1990—~6rand Gulf 2 (1.3 GW): Middle South Utilities—Entergy’s
predecessor—cited a massive debt load and political imbroglio for
cancellation.

23. 2017—V.C. Summer 3 and 4 (each 1.1 6W): SCANA Corp. and
Santee Cooper had spent $9 billion on a project they estimated could cost
up to $24 billion to complete.
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standard, which may appear on the ballot in November.
« The research contradicts claims made by Arizona Public Service (APS), which operates and owns part of
t the plant, that the proposed ballot initiative could cost the state more than two thousand jobs.
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Renewables
(Renewables Integration & Grid Modernization)
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U.S. PowerGen Capacity Additions & Retirements

Renewables and natural gas comprise most of the capacity additions
through the projection period n the Reference case—

Annual electricity generating capacity additions and retirements (Reference case)

gigawatts
2017
50 history | projections
40 I additions
30 |
I
20 | wind
| oil and natural
10 | gas
| nuclear
0 other
. coal
10 I refirements
20 I
30 |
2005 2M0 215 2020 2025 2030 2035 240 2045 2050
U5, Energy Information A dorinisration #FAEO2018 | wwweiagowaeo |:;5"-:';'
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EIA AEO2018 Renewables Growth

Generation from renewable sources grows across all cases, led by
growth in wind and solar photovoltaic generation—

Total renewables generation,
including end-use generation
billion kilowatthours

3 2017 Low Qil and Gas
'mnhistcvrz»,.r i projections Resource and
| Technology
2.000 | High Economic
| Growth
| = Clean Power
1,500 Plan
I " Reference
I Low Economic
1,000 I Growth
| High Oil and Gas
Resource and
00 I Technology
0 ——

2010 2020 2030 2040 2050

Renewable electricity generation,
including end-use generation (Reference case)
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I
I
I solar PV
I

1.5, Energy Information A dovinistration
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Lazard 2017 “Projected LCOE by 2020

base,

Projected LCOE in the U.S. by 2020 (as of 2015)

450
400
350
300
. 50 "
2
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&
200 o
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. <
<
<
100 2 ® o
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© ]
50 3
0
1GCC
Natural Gas: (Integrated Natural Gas:,
Wind Conventional Coal- . Advanced  Conventional Wind Advanced
solat Timrmal offshore  Combustion Solar P Gasification Biomsas Nuclear Coal Hydrs onshare Combined Geothiannd
Turbine Combined Cycle
Cycle)
Minimum 174 170 107 98 106 50 52 87 69 66 69 44
le Average 240 197 142 125 116 101 95 95 84 74 73 48
Maximum 383 270 156 193 136 117 101 119 107 82 82 52
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Renewables Auction Prices are dropping

R SOLAR PV AUCTIONS
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Integration costs not
Included
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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,

. . . . . . ]
Wind: Sysr%m LCOE _Lw"

20— T
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costs =
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=-=-= Shaort-tarm System LOOE
Generation { Lang-arm capacily adiustment
costs Gnd costs
Balancing cosls
I Frofile costs
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5 10 35 40

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 2014
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Shift in Supply Cost Curve with Renewables

Fossil Assets Pushed Back In Merit Order
— Reduced load factor 85% to 65%
— Rapid ramp rates and start/stop operation
— Off-design operation
— Efficiency penalty
— Emissions penalty
— Reduced revenue
— Retain obligation for grid stability

Market Price Falls

Production Cost

Lignile
s P .
Wind Wianl Hydru Mucloat

Installed Genaration
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Dealing with an even “Bigger” Duck

California Duck Renewable Generation 1
Net Load
27,000
25,000
23,000
£ 21,0007
e}
& 19,0001
2 170004 = Increased
Signiﬁcon’rI
15,0007 change
4 starting Potential
13,000 in 2015 2020 _/ over-generation
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Hour

The Cdlifornia Duck is a graphic published by the California Independent System Operator that
projects the expecled need for non-renewabie generation over a 24-hour day, Each line in the duck is
a different year from 2013 to 2020.As fime marches on and more solar generation Is placed on line, the
non-renewable demand drops during midday. The change in hourly demand drives the 2013 line. the
duck’s back. The solar generation that will be online by 2020 resulfs in a dip in non-renewable demand
during midday - the duck’s belly.

The Duck Pond of Non-Renewable Generation 2
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Figure 2 is an expansion of Figure 1, showing the amount of generation under the duck.

Source: Bonnie Marini — Siemens Energy
Through Power Engineering
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2016 EIA Operating Data

Here's a different way of looking 2016 COMBINED CYCLE SUMMARY
at the performance of the power
fleet, with the emphasis on those
elements that could be classified
as "internal combustion engines”,

W
o
*

which happens to include gas tur-
bines. On the right it is evident
(using 2016 annual EIA 923 data)
that a fairly large segment of the
fleet operates at modest efficien-
cy levels. Note that these are at : 50,000 100,060 150,000 200,000 250,000
the “plant” level, not the turbine. Installed MW (Nameplate, 2016)

Median 52%
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2016 Simple Cycle Summary Eliminating the thermal cy-
cle, and looking at the gas

turbine components, the gas
turbine fleet (peaking units)
looks like this. Similar form.
That sharp spike on the left

. i%the due_ tothe presenfe of And then there is the recipro- . .
Medlan 32% hfgh efﬁctertlcv anininl cating engine fleet. Essentially 20 1 6 Reci p E ﬂgi ne SU mma ry
dispatched into the fleet.

But much of the fleet oper-
ates at very low (annual) effi-

diesel cycle machines repur- Ll
posed to operate on natural
gas. Similar form. But the hor-
izontal stretch in the middle
“averages” about 40%. Proba-
bly 99% of the gas turbine fleet

is below that average, and

ciencies.

-]
S0 %
a0 @ oD amp o @8

‘P Median 38%

EFFICIENCY, NET GENERATION, LHV

probably the same is true for 23
0 500 1000 1500 2000 2500 3000 3500 4000
INSTALLED NAMEPLATE CAPACITY, MW

the combined cycle a flest.

Data from EIA 923 and 860 for the year 2016. hitps://www.eia.gov/electricity/data/eia923/

® b aS e e Via Bruce Rising on Linked In
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NOPR: FERC vs. DOE

- The DOE’s recent Notice of Proposed Rulemaking (NOPR), advertised as “Grid Stabilization”, was
immediately demonized by the Renewables Community as a subsidy for Coal and Nuclear Power
Generation.

- The Federal Energy Regulatory Commission (FERC) quickly voted down the initiative.

- The NOPR, under whatever name, was a legitimate attempt to create a market and associated
compensation for the backup services essential to the continued growth of renewables.

- The growth of renewables has been both impressive and important, and we continue to hear that
renewables are now competitive with conventional generation.

This is only true if the system integration costs for those renewables are not charged to their account
For the most part, these system Integration costs have fallen to the utility in residence, but without identified compensation.
To say that the grid has been taken for granted is an understatement.

The Clean Power Plan (CPP), or whatever remains of it, includes assumptions of ~30% renewables embedded in the identified state goals. At
30% penetration, the integration cost is equal to the generation costs, but are for the most part, uncompensated.

The DOE NOPR was an attempt to provide that compensation.

- With the elimination of the NOPR, it should be no surprise that this issue has surfaced again in
the form of “Emergency Aid for Some Coal Plants”, apparently available as an “emergency
authorization” from DOE.

This is more like “the tragedy of the commons” where the grid is the
proverbial “common”, and conventional generation backing it up is the
“depleted resource”, i.e., the decommissioning of conventional

b ase generation as uncompetitive.
: e
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California-PV Solar Required on New Homes 2020

— The cost-effective 2019 Building Energy Efficiency Standards, which take effect on Jan. 1, 2020,
focus on four key areas
—Smart residential photovoltaic systems
—Updated thermal envelope standards (preventing heat transfer from the interior to exterior and vice versa),

—Residential and nonresidential ventilation requirements
—Nonresidential lighting requirements

— The ventilation measures improve indoor air quality, protecting homeowners from air pollution
originating from outdoor and indoor sources

— The standards also establish requirements for newly constructed healthcare facilities.

base,
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http://energy.ca.gov/title24/2019standards/rulemaking/

Storage
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Energy Storage Technologies

UPS T&D Grid Support Energy Management
Frequency & Power Quality Load Shifting Bridging Power Bulk Power Management

A
Metal-Air Battery |

Hours

Minutes

Lead Acid Batier',r
NiCd Battery

NiMh Battery

Flywheels

Discharge Time at Rated Power

Seconds

10KW 100KW 1MW 10 MW 100MWwW 1GW

®basee System Power Rating
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Gas-Battery Spinning Reserve

For deploying a novel, groundbreaking gas-battery hybrid technology aleng with
environmentally significant upgrades within a tight instaliment window, and de-
spite logistical hurdies, Southern California Edison’s Center Peaker and Grapeland
Peaker plants are especially deserving of POWER'sTop Plant recognition.

Sonal Patel

1.25-MVA
inverters

10-MW/4.3-MWh
lithium-ion battery

1. Hybrid EGT’s most valuable func-
tion is, perhaps, its ability to respond
instantaneously to grid needs
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Solar-Battery Hybrid

- Arizona Public Service/First Solar announced a 50-MW
battery storage project to be coupled with a 65-MW

solar field.
— This project adds to the more than one million solar panels and three
grid-scale batteries to APS’s system. Over the next 15 years, APS
plans to adopt more than 500 MW of additional battery storage.

— Florida Power & Light Company today unveiled a new solar-plus-

storage
— The new system features a 4,000-KW/16,000-KWh storage capacity
comprised of multiple batteries integrated into the operations of the

FPL Citrus Solar Energy Center.

- Under the rate agreement supported by the state's
consumer advocate and approved unanimously by the
Florida Public Service Commission in 2016, FPL plans
to develop 50 megawatts of battery storage over the
next few years.

- FPL is in the midst of a major solar expansion with more than 520
MW added in the last two years and nearly 300 MW more scheduled

to enter service by March 1. From 2016 to 2023, FPL expects to
install a total of more than 10 million solar panels.
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Power-to-Gas (P2G)

- Power-to-gas (often abbreviated P2G) is a technology that converts electrical power to a gas fuel
- When using surplus power from wind generation, the concept is sometimes called windgas

- There are currently three methods in use; all use electricity to split water into hydrogen and oxygen by means
of electrolysis
1.  Hydrogen is injected into the natural gas grid or is used in transport or industry.

2. Combine the hydrogen with CO2 and convert the two gases to methane using a methanization reaction such as the Sabatier
reaction or biological methanation resulting in an extra energy conversion loss of 8%.

3. Use the output gas of a wood gas generator or a biogas plant, after the biogas upgrader is mixed with the produced hydrogen
from the electrolyzer, to upgrade the quality of the biogas

o] ]

Power infrastructure

Power
generation

Industry & Heating

Methanation Mobility

Gas infrastructure

Natural Gas

P2G is a storage concept

base,

“Practical Strategies for Emerging Energy Technologies”



Transmission
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High-Voltage DC Grid

NREL “Interconnections Seam Study” Scenarios 2 " Power from the Prairie 1

Project descrigfion United Stafes - Annual average wind speed af 80 m
What are the options for large scale x
fransmission expansion between the Design 1

interconnections?

Project objectives

+ Convene stakeholders

* |dentify modermn fransmission
options for connecting the Design 28
inferconnections

* Bulk storage

Value proposition

» Increase electricity resilience Pt Exisﬁng
+ Lower modernization cosfs
through diversity Design 2A == Proposed
* Aging ossefs present an s -
opportunity Power from the Prairie
O AC/DC terminal
B Wind
. Source: Wind resource estimates developed by AWS Truepower, LLC for windNavigator
Solar Design 3 Spacial resolufion of wind resource dota: 2.5 km. Projection: Albers Equal Area WGS84
B Wind/solar :

Source: Nalional Renswable Energy Laboraiory
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High-Voltage Bi-Directional DC Grid

Proposed HVDC Transmission Project Examples 5w Power from the Prairie Concept 4

One-Directional Renewables fo Load Bi-Directional Renewables fo Load

¢
i’anses_f Express, SENaRNE : Rack Island
€ Zephyr & STS IR iR -,
ST B

e

Existing AC Existing DC
Transmission Transmission

7 345-499 kV v 345-499 kv
v 500-699 kY ~v 500-699 kV
700799 kV A 700-799 kV
A 800-1000kV A~ 800-1000 kV

Existing AC Existing DC
Transmission Transmission

v 345-499 KV v 345-499 kY
v 500-699 KV v 500-699 kv
A 700-799 kv v 700-799 kv
/v 800-1000 kv A~ 800-1000 kv

Source: Wind rescurce estimates developed by AWS Truepower, LLC for windNavigatfor

il raclitiom af wit ares Aoty D5 km Brovieet HTM Zone 14 WGSA4 ' -
AT ST OF WA s e cleics e Raies one - Source: Wind resource esfimales developed by AWS Truepower, LLC for windNavigator.

Spacial resolufion of wind resource dara: 2.5 km. Project: UTVi Zone 14 WGSB4.
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Trade
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Major LNG Shipping Routes 2016

Shertest LG wovage ength in 2016 Aumrage LG voyags langin Lomgest LG voyags length in H016:
130 nm [Algeria to Spain) in 2016 7,680 nim 12,280 nm (Noreay to China)
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The Arctic

Redrawing the Map. "= (1o ice
melts, countries race to
claim potential riches

GOING, GOING ... GONET The Arctic ice cap Illﬂ“ﬂﬂg
Taibier (hahy e mebhiaid Daford and douldl JBARRERT
entirely by the middle of this century

Maw chaim
| Pussla says it has gecloggical evidence
to prove that this vl area, which

stretchas all the way to the Norh Pole,
I8 part of ls continental structure

Traaty Bosnsdiry
Countries have axchusive rights up

/' el
y A
e i) '
10 200 nautical miles (230 miles, | _;f‘,r o 4 -
L et

Minkmum axtent of Artele b oo 370 ken) fram shore

Patentinl bovndary
Countries con clalm up to

350 nautical mibes (403 miles,
@48 kmi if the area proves. to be
a direct extension of the
continental shelf

RUSSIA -
= New York City to Tokyo
wia Panama Canal 2
11,300 miles (18,200 km)

Reduction in distance
~5,200km

HEALITING AN ANCIENT DHEAM For confuris.
sought an ice-ree rowte to Asia. & thawed Arctic means
shipgens could &l LraNSHOFLITIoR e dramatically

w—London to Tokyo
wia Suez Canal
13.000 milss (20,900 k)
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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

Location 2009 2010 2011 2012 2013
S

Strait of Hormuz 157 159 170 169 ( 170 \"
Strait of Malacca 135 145 146 151 \15.2, /
Suez Canal and 3.0 3.1 38 15
SUMED Pipeline

Bab el-Mandab 29 2.7 . 38
Danish Straits 30 32 3.1 33
Turkish Straits 28 . 29 29
Panama Canal 08 0.8 08 08
World maritime oil 539 556 56.7 565

trade

World total oil supply 875 878 897 901

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

| Qcean I . ;
b aS e Source: CIA Factbook (See closer view of Strait of Malacca)
4 e
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A New Choke Point

BERING SEA

Bering Strait 51 miles
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Natural Gas Trade —1134.1 BCM

Pipeline trade grew 3.7%
LNG trade grew
Consumption grew  5.9%

10.3%

Gas Trade in 2016 and 2017

Billion cubic metres 2016 2017 2017 vs. 2016

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 79.5 2.4 58.6 4.3 80.7 2.2 66.1 17.4 1.2 (0.3) 7.4 13.1
Canada 211 0.3 79.5 t 24.0 0.4 80.7 t 2.9 0.1 1.2 0.0
Mexico 37.5 5.9 T - 42.1 6.6 T - 4.5 0.7 0.0 0.0
Trinidad and Tobago - - - 14.3 - - - 13.4 0.0 0.0 0.0 (0.9)
Other S. & Cent. America 16.2 15.6 16.2 6.4 154 13.8 154 5.8 (0.8) (1.8) (0.8) (0.6)
France 32.2 9.1 - 15 335 10.8 - 1.0 1.4 1.7 0.0 (0.5)
Germany 95.6 - 9.1 - 94.8 - 7.1 - (0.8) 0.0 (2.0) 0.0
ltaly 60.5 5.9 - - 53.8 8.4 - - (6.7) 25 0.0 0.0
Netherlands 36.8 13 46.8 0.9 40.9 1.6 43.3 0.8 4.1 0.3 (3.6) (0.0
Norw ay t - 109.4 6.0 t - 109.2 5.8 0.0 0.0 0.2) (0.3)
Spain 15.5 13.8 0.6 0.2 14.4 16.6 0.1 0.1 (1.2) 2.8 (0.5) (0.0)
Turkey 36.9 7.8 0.6 - 42.8 10.9 0.6 - 5.9 3.1 (0.0 0.0
United Kingdom 35.2 11.0 9.7 0.6 39.4 7.2 10.8 0.3 4.2 (3.9 1.2 (0.3)
Other Europe 94.8 7.9 13.9 1.3 103.7 10.2 21.6 0.2 8.9 2.3 7.8 (1.1)
Russian Federation 18.1 - 200.1 14.6 18.9 215.4 15.5 0.8 0.0 15.4 0.9
Ukraine 10.5 - - 13.3 - 2.8 0.0 0.0 0.0
Other CIS 29.3 - 68.5 - 30.1 67.5 - 0.8 0.0 (0.9) 0.0
Qatar - - 18.5 107.2 - - 184 103.4 0.0 0.0 (0.1) (3.8)
Other Middle East 25.8 13.7 8.0 18.8 22.2 13.0 125 19.1 (3.6) (0.6) 4.5 0.3
Algeria - - 38.1 15.8 - - 36.4 16.6 0.0 0.0 1.7) 0.8
Other Africa 8.3 10.7 8.6 30.0 7.6 8.2 8.7 38.9 (0.7) (2.5) 0.1 9.0
Australia 6.4 0.1 - 59.2 5.8 - - 75.9 (0.6) (0.1) 0.0 16.7
China 36.0 35.9 - - 39.4 52.6 - - 3.4 16.7 0.0 0.0
India - 23.6 0.1 - 25.7 - - 0.0 21 0.0 (0.2)
Japan - 113.6 - 113.9 - - 0.0 0.4 0.0 0.0
Indonesia - - 8.2 222 - 8.0 21.7 0.0 0.0 0.2) (0.5)
South Korea - 457 - 0.1 - 51.3 - 0.1 0.0 5.6 0.0 (0.0
Other Asia Pacific 18.1 32.5 20.0 53.4 17.7 40.0 18.8 57.2 (0.4) 7.4 (1.2) 3.8
Total World 714.4 356.7 714.4 356.7 740.7 393.4 740.7 393.4 26.3 36.7 26.3 36.7

Source: Includes data from FGE MENAgas service, IHS.
Trade represents approximately 30% of the consumption
Japan, China & Korea represent almost 55% of all LNG Imports

base,

Source: BP Statistical Review of World Energy 2018
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Major Natural Gas Trade Movements BCM - 2017

uUs

Canada

Mexico
| S. & Cent. America
m Europe
m CIS
m Middle East
W Africa

Asia Pacific — LNG

b aS e Source: BP Statistical Review of World Energy 2018
- €

—— Pipeline gas
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Lots of Gas Pipelines

FORECAST PIPELINE CONSTRUCTION

FiG.

Total
48,310 miles

Asia-Pacifi
20,214

_ PIPELINE CONSTRUCTION IN 2018

PIPELINE CONSTRUCTION BEYOND 2018'

) Table 1 1 : : A Table 2
11,146 L 4-10in. 12-20in. 22-30in. 32+ in. Total 4-10in. 12-20 in.  22-30in. 30+ in. Total
Area Miles Area Miles
Latin America | GAS PIPELINES p—— GAS PIPELINES =
Us 30 70 212 2,512 2,824 us a 0 91 3541 3,632
Canada 0 o) 0 0 Canada (0] 85 0 1,989 2,074
Latin America 0 0 0 879 879 Latin_America 0 0 15 700 715
T —— e Asiz-Pacific? 0 848 652 3658 5,158 Asia-Pacific? 0 0 1,884 10,107 11,991
Bnciuding Ruseia and formr S . the Ural Moundzins Europe? 0 111 0 1141 1,252 EL!I‘DPE‘ 0 93 832 3,796 4,721
Midd e East 0 0 16 1321 1,337 Middle East 0 0 292 373 665
. Aica o o e 2 2 o o 79 319 21099 | | 2emt
OII & Gas Journal Feb 5, 2018 Total gas 30 1,029 1,345 9,532 11,936 s ’ / T4
= CRUDE PIPELINES
CRUDE PIPELINES us 0 535 1,795 515 2,845
us 34 151 220 0 405 Canada 0 0 0 1,228 1,228
Canada 0 0 0 0 Latin_America (0] 0 0 0 0
Latin_America o} 136 o} 0 136 Asia-Pacific* 0 0 0 0 Y
Asia-Pacific? 0 0 0 0 0 Europe? 0 0 0 0
Europe? 0 0 0 0 0 Middle East 0 0 109 1,043 1,152
Middle East 0 0 0 0 0 Africa 0 0 930 0 930
Africa 0 0 0 0 0 Total crude 0 535 2,834 2,786 6,155
Total product 34 287 220 0 541 PRODUCT PIPELINES
us 0 56%} 576 8 1,13%
Canada 0
PE%DUGT RIRELINES 34 151 200 0 405 Latin America 0 136 0 0 136
Canada 0 0 0 0 0 Asia-Pacific? 0 1,499 0 0 1,499
Latin_America 0 136 0 0 135 Europe’ 0 9 0 0 0
Asia-Pacific? 0 0 (o] 0 0 Middle East 0 Q 0 Q 0
Europe? 0 0 0 0 0 Africa 0 0 0 0 0
Middle East 0 0 0 0 0 Total product (1] 2,196 571 0 2,767
Africa (0] 0 0 (0} 0
WORLD TOTALS
Total product 34 287 220 0 541 Gas 0 178 3114 21.439 24,731
Crude 0 535 2,834 2,786 6,155
RLD T Product 0 2,196 571 0 2,767
“:Enas e 30 1,029 1,345 9532 11936 Total 0 2,909 6,519 24,225 33,653
E{;’gﬁd gfi ég? 1%8 355 2%2? !Projects under way at the start of or set to begin in 2018 2nd be completed
Total 129 1.504 3135 9.889 14,657 after 2018. Includes some probable major projects whose installation will
E 2 ! ! begin in 2018 or later. ?Regions east of the Ural Mountains and south of the
1Projects planned to be completed in 2018. *Regians east of the Ural Caucasus Mountains, excluding the Middle East. *Regions west of the Ural
Mountains and south of the Caucasus Mountains, excluding the Middle East. Mountains and narth of the Caucasus Mountains.
3Regions west of the Ural Mountains and north of the Caucasus Mountains.
4 e
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Global LNG Growth

532 BCM

80
L A e e o o o e i o e A, LR e A
1 Other ! ;
B Middle East i
70 — A Central/South America -
Asia 1
B Europe -
60 |- :
1
1
1
50 {— |
= 1
= 1
= 1
1
0 :
= AN JLBCM____iJ

2005

2020

FIG. 3. Global growth in LNG demand to 2035. Source: BP.
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FiG. 4. LNG import terminals in China. Source: Energy Web Atlas.

Hydrocarbon Processing January 2018
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Liquefaction Capacity by Region

Table 4.2 Nominal Liguefacton Capacity by Region in 2010, 2018, and 2022

Region

2H0

2016 2022 % Growth % Growth 2017-2022
(Anticipated) 20102016 (Actual) (Anticipated)

Africa 61.2 66.3 707 12% %

Asia Pacific 8258 1217 183.4 47% 34%

Europe 4.2 42 42 0% 0%

FSU 10.8 10.8 273 0% 153%

Latin America 19.8 19.8 19.8 0% 0%

North America 15 10.5 66.6 < e00% | m3% >

Middle East 63.0 100.8 100.8 8% 0%

Total Capacity 2732 336.1 1527 23% 35%

Wit Liquetsciion Capackty only Mefers to exiSang and unoer consirction projects. Sourses: IHS, Company ANROUNcEments

Figure 4.14: Liquefaction Capacity by Region in 2010, 2018, and 2022

Afica

#5la Paciic Eunope FaU Latin America Mogth Amanca

M 2010 2016 B 3122 (Anfcipated
Mote: Liquersciion capscily only refars o exlstng and under-construction projects. Sources: [HS, Company Announcements
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Changing LNG Contract Terms — More Flex together

Top Asian LNG buyers form alliance LNG origin:
[ Others
The top LNG buyers of Japan, South Korea and China, which are the world’s M Russia
biggest importers of fuel, have agreed to work together to secure more flexible Indonesia
contracts when buying the commodity. The three countries accounted for half Qatar
of global LNG trade in 2015, according to BP Statistical Review of World Energy. : K‘jsl‘t”;i'iz

LNG IMPORT SHARE IN 2015

Europe
Asia-Pacific and Eurasia Others

mmm
! T |

JAPAN SOUTH KOREA CHINA
Imports by origin, in bcm* Imports by arigin, in bcm* Imports by origin, in bcm*
12

0
| | |
2014 ‘15 '16 '17 2014 ‘15 ‘16 '17 2014 ‘15 ‘16 "7

Note: February data for Japan is not available. *Billion cubic metres

b aS e Sources: Thomson Reuters; British Petroleum
® e C.Inton, 23/03/2017

it REUTERS
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LNG vs. U.S./China “Trade War”

— (Reuters) - China's interest in reducing its trade surplus with the United States through increased energy imports could
advance plans for U.S. liquefied natural gas (LNG) plants and ethanol sales

— "China represents an enormous economic opportunity for U.S. LNG and ethanol exports as both products will likely see dramatic
demand growth in the coming years, during which time the United States is also expected to dominate global export markets,” Katie
Bays, energy analyst at Height Securities in Washington, DC, said in a note on Tuesday.

— Bays estimated that substantial LNG sales commitments could bring in $20 billion to $30 billion annually and ethanol sales could
reach $5 billion to $7 billion annually. She noted, however, that the LNG and ethanol markets were not big enough by themselves to
meet President Donald Trump's goal of reducing the Chinese trade deficit by $200 billion per year.

— There are more than two dozen proposed U.S. LNG plants waiting for customer commitments to reach a final investment decision,
many of them looking to China for deals.

— China overtook South Korea in 2017 as the world's second biggest buyer of LNG behind Japan. The country, which imported
5.6 billion cubic feet per day last year, is looking to buy more low cost sources of energy, like gas, to reduce its use of coal and
cut pollution.

— "If you look at some forecasts for 2035, there are really only two places that have significant increases in LNG imports. Europe goes
up about 100 mtpa and China goes up about 200 mtpa,” Vesey said.

— Texas LNG, which is proposing a 4-mtpa export facility in Brownsville, Texas, and has five early-stage agreements with Chinese
customers, hopes to make a final decision next year, about six months behind its original goal.

— "Sentiment in the LNG markets is heating up again,” said Langtry Meyer, co-founder of the company. He added, however, that Texas
LNG was not considering developing an import terminal in China, which would likely be needed to expand U.S. exports.

— Cheniere, which signed a long-term LNG supply deal with a Chinese firm earlier this year, this month said it would soon make
a final investment decision on a third liquefaction line at its Corpus Christi, Texas, facility.

base,
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Power of Siberia

POWER OF SIBERIA

Source: PSC Gazprom

base Oil & Gas Journal Feb 5, 2018
© e
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LNG Value Chain — The power of scale

o 126 11 ~ y08  +01 +02

USD/MMBTU  USD/MMBTU USD/MMBTU USD/MMBTU USD/MMBTU USD/MMBTU
N 3 ! S 6.8
4 ‘ ! 4 : : [ ; / USD/MMBTU
=65 +1.6 +1.0 +0.2
USD/MMBTU USD/MMBTU USD/MMBTU USD/MMBTU

S . U e D
' / /r "USD/MMBTU

SMALL-SCALE LNG

USD/MMBTU USD/MMBTU USD/MMBTU

End-user

s:::ll-si:ale : Sr::::.-sc:le > (LNG/ natural
pping ( ag gas) 1.5

Truck Sinallincalio End-user USD/MMBTU
transport/I1SO & (LNG / natural
containers slorage oas

Ship bunkering

Wartsila Technical Journal October 20, 2016
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Countries/Regions
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Liquefaction Capacity by Region

Table 4.2 Nominal Liguefacton Capacity by Region in 2010, 2018, and 2022

Region 2H0 2016 2022 % Growth % Growth 21 7-2022
[Anticipated)  2010-2016 (Actual) (Anticipated)

Africa G612 G68.3 0T 12% 4%

Asia Pacific 828 1217 183.4 47% 4%

Europe 4.2 4.2 4.2 0% 0%

F5U 10.8 10.8 Zr3 0% 153%

Latin America 16.8 18.8 10.8 0% 0%

Morth Americs 15 10.5 6.6 G00% S34%

Middle East 83.0 100.8 100.8 8% 0%

Total Capacity 2732 3361 4527 3% 5%

Wit Liquetsciion Capackty only Mefers to exiSang and unoer consirction projects. Sourses: IHS, Company ANROUNcEments

Figure 4.14: Liquefaction Capacity by Region in 2010, 2018, and 2022

Afica #5la Paciic Eunope FaU Latin America Morth Amanca hidale East

M 2010 2016 W 2022 (Anficipated)
Mote: Liquersciion capscily only refars o exlstng and under-construction projects. Sources: [HS, Company Announcements
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LNG Trade Between Basins

Table 3.1; LNG Trade between Basins, 2018, MT

Exporting
=

Farmar Sodet Unien
b g 2 e o e

i ey
Hegiun
A [ 12 05 032 o4
faia 55 |28 | 02 o3 | 11 |88 05 | a7 e
AsiaPustc] 44 | 785 | 01 tae a3 |487 12 oe | 1882
Ewcpa | 182 2 8 $5 174 B3 04 34 | 3%
Lulw
s | 17| 01 | 07 £2 18 12 07 o4 | W
Mide | 22 | o7 | 01 DB | 38 04 AT T
greth  lar | os | o1 43 a5 | 01 o1 | &
Tossi ME S5 43 0B ME B0 29 45 48 | 2880

Scwroes: IHE Markk, EA. \GU
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India

Wind Power Installed Capacity

Figure 2.21 > Codal-fired power plant capacity by technology and average
efficiency in India in the New Policies Scenario

- 25 GW 2015 =12 a0 39% m Ultrasupercridcal
- 60 GW 2022 400, b 36% : E:E::;::-‘ai

- Solar Power Installed Capacity 30 petTL a3 o
-4 MW 2005 200 S (right axis)
- 4,060 MW 2015 - .
- 100,000 MW 2022 W

- Cleaner, more efficient Biomass T S S 2B O O
- 18% of total energy use T N ey

- 70% of the population depends on it

- Small & Mini Hydro for electrification
of remote villages

i il
- Improve the efficiency of the Coal fleet| ==
- 9,600 MW Jaitapur Nuclear Project “1y i i I I
i
- = m E |

- (6) PWR with EDF-France

b aS e Power Magazine May 2018
- €

(1
2012113 2013114 200415 2015116 201617 Pl
[{=]
Source: Central Bectricity Authority (CEA), MNRE, [EEFA Estimates
MNote: The renewables estimates exclude lorge scale hydro
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Stray Data
(Appendix)
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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&mM” O&M in 2013 Heatrate
Technology Year'  (MW] (years) {2012 $/kw) Factor’ Factor® (2012 $/kw) (2012 $/MWh) (20125 /kW-yr.) [Btu/kWh) (Btu/kWh)
Scrubbed Coal New 2017 1300 4 2734 1.07 1.00 2925 447 3118 8,800 8740
Integrated Coal-Gasification
Comb Cycle (IGCC) 2017 1200 4 3,525 1.07 1.00 3,771 7.22 51.39 3,700 7450
IGCC with carbon
sequestration 2017 520 4 5,958 1.07 1.03 6,567 845 72.84 10,700 8,307
Conv Gas/0il Comb Cycle 2016 620 3 871 1.05 1.00 915 3.60 13.17 7,050 6,800
Adv Gas/Oil Comb Cycle {CC) 2016 400 3 245 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® 2Mms 85 2 924 1.05 1.00 971 1545 7.34 10,817 10,450
Adv Comb Turbine 2015 210 s 6541 1.05 1.00 673 1037 704 9,750 8,550
Fuel Cells 2016 10 3 6,099 1.05 1.10 7,044 4299 0.00 9,500 6,960
Adv Muclear 2019 2234 6 4,763 1.10 1.05 5,501 214 93.28 10,4564 10,464
Distributed Generation - Base 2016 2 3 1414 1.05 1.00 1,485 1.76 17.45 9,027 2,900
Distributed Generation - Peak 2015 1 2 1698 1.05 1.00 1,783 776 1745 10,029 G880
Biomass 2017 50 4 3,590 1.07 1.02 3,919 526 105.64 13,500 13,500
Geothermal™® 2016 50 4 2375 1.05 1.00 2494 0.00 11292 9,716 9,716
Municipal Solid Waste 2014 50 3 7.751 1.07 1.00 8,294 8.75 39281 18,000 18,000
Conventional Hydropowe F 2017 500 4 2,213 1.10 1.00 2435 2.65 14.83 9,716 9,716
Wind 2014 100 3 2,061 1.07 1.00 2,205 0.00 3955 9,716 9,716
Wind Offshore 207 400 4 4,503 1.10 125 6,192 0.00 74.00 9,716 9,716
Solar Thermal’ 2016 100 3 4,715 1.07 1.00 5,045 0.00 67.26 9,716 9,716
Photavaltaic’™® 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”



BP Conversion Factors

Approximate conversion factors

Crude oil” Units
From To 11 metric tonne - 23045310
tonnas s tonnes = 1.1023 short fons
ienatric! kilolitres . barmels gallors peryasr T liolitre - B.7B00 barrels
T 1 1.165 ;—,. T3 a07.98 ' S
Jnres Imete) e 5 Gome apid Z  Twiocalorie (kcal) -~ 4187k
Barrels 01384 0.1ES 1 42 - = 3.0GBE
LiE galions 0.00325 0.0038 0.0z3e 1 - 1 kllojouls (k)| = 0.239kcal
Barreds par U-E"' - - - - 438 - 0.04EE
*Hased on worldwide average gravity 1 British thermal - 0.252kcal
unit |Btuj = 1.08Ek]
Product 1 Kliowatl-hour (KWh] = BEDEcal
roducts — SEDOE)
I To conwert = 34128
barrals onnes kiloktres tornes
o fomrss o barrels o fonne:s o kiloltres o -
. Multiply by Calorific equivalents
Liquafied patroleum gas [LFG) 01,065 11.60 0542 1.844  One tonne of ol equivaient equals approd matesy:
Ftasd R o NiEa 1228 Heat units 10 millon Kliccaknes
Gas oljdiesal 0134 7AE 0843 1.188 42 gigajoules
Residual fued all 0157 B35 0391 1.010 40 millian British
Product basket 0135 796 078 1.280 thermal unis
Solld fuels 1.5 tonnes of hard coal
i 3 tonnes of ignite
Matural gas [NG) and liquefied natural gas [LNG] Gazeous Tusls Sea Natural gas and
From . To Niquelad natural gas tabie
bilior cubic bilion cubic milion tommes milion tonnes  tillion British milion barels  El2CiAcity 12 megawatt-hows
matres ME foat NG ol equivalant LNG  thermnal writs ol equivaknt
[ Multiply by Ona million tonnes of ol or ol aguivalent producas
1 bllan cubic metres NG 1 363 .00 074 a57 gE0  S00Ut 4400 gipawatt-hours (= 4.4 terawslt-nours|
1 billkan cubic faet NG D.0zd 1 0035 Q.02 1.01 018 of electicity In @ modem power station.
1 mamlon tannes oll equivalent 1.1 397 1 087 347 733
1 mamon tannes LNG 135 48.0 1332 1 ABE a4a7 -
1 trilban British thermal units 0.a2d 0.9a 0036 .01 1 n.1d } ﬁx:ﬂ mﬂa flgggﬂt;?;'m““
1 maslon barrals oll equivalent 015 .35 .14 011 541 1 :
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